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1.0 INTRODUCTION

The program FMT (Fracture-Matrix Transport) solves chemical equilibrium problems using the
Pitzer activity coefficient formalism (Pitzer, 1991). Although, as the name implies, this code was
originally intended for transport calculations, this feature is not supported in this release of FMT
(Version 2.0).

FMT is used to compute the concentrations, expressed in terms of molality (moles of solute per
kilogram of solvent), of chemical species using a thermodynamic model for concentrated
electrolyte systems (brines). FMT is used to simulate the solubility behavior of radionuclides in
brines found in the Castile, Rustler, and Salado Formations near the WIPP site. FMT is based on
the Harvie-Mgller-Weare (HMW) data base (Harvie et al., 1984; Felmy and Weare, 1986)
enhanced with radioactive elements such as americium(IIl) and neptunium(V). The purpose of the
calculation is to find the detailed distribution of chemical species when the solution is at
equilibrium.

FMT solves both single and multiple equilibrium problems:

. The single equilibrium problem (also known as the flash problem) uses the “batch”
mode of FMT. In this mode, the user specifies the total element abundances and FMT
calculates the equilibriurn concentrations of dissolved components and solids.

e For multiple equilibrium problems a “titration” mode is available, in which FMT
mechanizes repetitive flash calculations required to compute the composition of a
solution results from titrating one solution with another solution or a solution containing
minerals. For titration problems, the user specifies the compositions of both solutions
and the volumes of the titrant solution to be added.

For the 1996 WIPP PA calculation, FMT will be used to generate tables of solubilities for
generalized actinide (referred to here as “An”) oxidation states An(IlI), An(IV), An(V), and
An(VI). These tables will be converted into equations of surfaces that will be used by the WIPP
PA codes PANEL and NUTS to calculate actinide solubility values as a function of CO; fugacity,
hydrogen ion concentration, brine composition, and organic chelator concentrations.

This document serves as a User’s Manual for FMT, as used to support the 1996 WIPP
Performance Assessment calculations. As such, it describes the code’s purpose and function, the
user’s interaction with the code, and the equations and numerical methods employed by the code.
Examples of user-accessible input files, output files, and screen displays are appended to this
manual for the user’s convenience.
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1.1 Software Identifier

Code Name: FMT

WIPP Prefix: FMT _

Version Number: 2.0 11/03/95

Platforms: FORTRAN 77 for OpenVMS AXP, versions 1.5 and 6.1, on DEC Alpha
and Power Macintosh 7100

1.2 Points of Contact
1.2.1 Code Sponsor

Sandra C. Babb

Sandia National Laboratories

Albuquerque, NM 87185-0661

Voice: (505) 844-7396 or (505) 848-0126
Fax: (505) 844-2018 or (505) 848-0881

.22 Code Consultant

e
Craig F. Novak FAER
Sandia National Laboratories SR
Albuquerque, NM 87185-1320 g o T
Voice: (505) 848-0619 L

Fax: (505) 848-0622

2.0 FUNCTIONAL REQUIREMENTS

R.1: FMT simulates solubility behavior of radionuclides in brines found in Castile, Rustler, and
Salado Formations near the WIPP site.

R.2: FMT calculates chemical equilibrivm using aqueous thermodynamics. It is based on the
Harvie-Mgller-Weare (HMW) database enhanced with radioactive elements.

R.3: FMT additionally mechanizes repetitive calculations, e.g., titrating a solution of one chemical
composition with a solution of another chemical composition.

R.4: The element enhancements FMT supports include Americium (III) and Neptunium (V).

R.5: The “batch” simulation mode, also known as flash problems, calculates equilbrium
abundances for one set of element abundances.

R.6: The “titrate” mode shall support explicit specification, i.e. adding user specified volumes for
each titration increment.

R.7: The “titrate” mode shall support linear increments, i.e., adding the same constant volume for
each titration incremernt. ’
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R.8: The “titrate” mode shall support logarithmic increments, i.e. adding a logarithmically
increasing volume for each titration. '

R.9: The parameters in the actinide series used in the FMT database are calculated by NONLIN or
other equivalent means.

3.0 REQUIRED USER TRAINING AND/OR BACKGROUND

In order to run the FMT code successfully, the user will need a basic knowledge of

. Open VMS and Digital Equipment Co.’s (DEC’s) Digital Command Language (DCL),
if running the code on the DEC platform

«  Power Macintosh 7100 operation, if running the code on a Macintosh platform
To interpret the results of FMT, a chemistry background is required. A user should have a

=  BSin Chemistry, or the equivalent

«  sound understanding of chemical reaction equilibrium analysis.

To understand how the FMT code works and the theory and algorithms upon which FMT is
based, the user should also have a basic understanding of

«  thermodynamics
=  partial differental equations
=  linear algebra (through senior undergraduate level)

=  numerical methods (graduate or senior lcveﬁn&er’éréduate level).

4.0 DESCRIPTION OF THE MODELS AND METHODS
4.1 Mathematical Model and Numerical Methods

FMT solves chemical equilibrium problems, as defined by linear material balance equations and
nonlinear reaction equilibrium equations as given in standard chemical thermodynamics texts such
as Denbigh (1981) and Smith and Van Ness (1975). An extensive survey of numerical methods
developed specifically to solve these problems is given in Smith and Missen (1991). In particular,
FMT uses the “Villars-Cruise-Smith” (VCS) algorithm, which is explained in Section 6.4.4 of
Smith and Missen (1991). A brief overview of the VCS algorithm, as presented in Smith and
Missen (1991) follows. Interested readers are referred to Smith and Missen (1991) for a more
detailed discussion.
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If the Gibbs free-energy function G is viewed as a function of the reaction-extent variables E__ then

the chemical equilibrium problem is that of minimizing G(E); i.e.,

L, (1

o&

Equation 1 is equivalent to the classical chemical formulation of the equilibrium conditions
AGENTﬁ(E)=O, 2)
where

NT = the complete, transposed stoichiometric matrix: the (N X R) matrix whose columns are the
R stoichiometric vectors; that is, N = (\7],\72,. .. Vg); entry (ij) of Nis Vii» and

1t = chemical-potential vector with entries [,

A first-order algorithm approach for minimizing G( E) requires that the variables E be adjusted at

each iteration by amounts 8&:

(3)

where
m = iteration index,

V= stoichiometric coefficient of species i in stoichiometric vector (equation) j,

N’ = number of species excluding inert species,
W; = chemical potential of species i, and L
R = maximum number of linearly independent chemical equations.

The mole numbers are adjusted by means of
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R
Sn.gm) = Zszsé{jm); i=12,..N", )
=1

where n; = the number of moles of species i.

As with first-order optimization methods in general, this algorithm has been found to converge
rather slowly, and therefore is not widely used.

In a second-order algorithm approach for minimizing G( E), the Newton-Raphson method can be
applied to equations 2, which yields

_1 .
- d9°G oG
£(m) — h = . 3
> {a&? Lm,(a&. ] L

where n = species-abundance vector with entries n;. This approach requires the solution of a set
of R = (N’ - M) linear equations on each iteration (where M is the number of elements). Because

N’ is usually large compared with M, the numerical solution of these linear equations can be very
time consuming and this approach is not widely used.

The VCS algorithm, an intermediate between the above first- and second-order methods, provides
a way to essentially reduce the labor involved in the solution of the linear equations.

The VCS algorithm begins with equation 5, the Hessian matrix (BQG/ BEZ) for which, in the case
of a single ideal phase, can be expressed as

N N’ 8
=RTY z\zhv,}.[—ﬁ—i} =12, R (6)

where
R = the gas constant, 8.3143 J mole”! K-1,
T = absolute temperature (K)

3,, = the Kronecker delta function; &, = 1,ifk=1; §,, =0,ifk # [,

n, = number of moles of species k, and
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n, = total number of moles.

Smith and Missen (1991) explain in Section 6.4.4 how the Hessian matrix in equation 6 can be

expressed as
e ) (1 4wy e
R { +Z~£’—-—~L~J 8; 7
aéiagj Mivar k=1"% ™

N
where V; is the sum of the stoichiometric coefficients in stoichiometric equation i., i.e. V, =ZV ki
k=]

The VCS algorithm for a single ideal phase uses equation 5 with equation 7 and iteratively adjusts
each stoichiometric equation by an amount

-1
My2 52) AGY™
& = Tt m » J=12,.R (8)

n n RT
M k=l k 4

As is explained in Section 4.4, FMT replaces one of the R element balances in Equation 8 with the
charge balance, which not only specifies the material balance of the “replaced” element but also
constrains the solution to be charge neutral.

The thermodynamics of concentrated electrolyte solutions (brines) requires consideration of the
chemical nonidealities of the system. FMT uses the activity coefficient model of Pitzer (1991) and
the development of this model with a consistent data base as described by Harvie et al. (1984) and
Felmy and Weare (1986) as the basis for modeling chemical nonidealities. These references
provide extensive detail about this Pitzer activity coefficient formalism used in FMT. A brief
discussion of the Pitzer activity coefficient model follows in Section 4.2,

4.2 The Pitzer Activity Coefficient Formalism

The Pitzer activity coefficient formalism i1s a set of mathematical equations for calculating activity
coefficients for aqueous species, and is valid from dilute systems through the concentrated brines
observed at the WIPP Site. The theoretical and historical development of this formalism can be
traced though Pitzer (1991), particularly Chapter 3, and references therein.

~ The implementation of the Pitzer activity coefficient formalism within FMT is based on the forms
of the equations as presented in Harvie and Weare (1980), Harvie et al. (1984), and Felmy and
Weare (1986). Because there is no difference in the mathematical formulation from these
references and FMT, only the equations in Felmy and Weare (1986) are presented below. The
interested reader will find a comprehensive presentation of these equations in the three cited
publications.

The activities of the species a; can be defined by the following equation:
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(gw_ =p, =u?+RTlnai, (A.12%)
tATR

where u? = the standard chemical potential for species i. Activity is defined for each solute
species i by

a;=y,m; (A.1b)
and, for the solvent, by
_w

lnaH'lO:mtg.lni} (A.Ic)
where
Y, = the activity coefficient of the solute species,
m; = the molality of the solute species,
W = the molecular weight of water,

Zmi = the sum over all solutes (cations, anions, and neutrals), and

¢ = the osmotic coefficient.

While the chemical potentials for pure phases (e.g., minerals) are constant at fixed temperature and
pressure, the fugacity of gas-phase species, f;, is defined as follows:

W my
E?hRT+m@} (A.1d)

The remaining variables lacking explicit definition are the excess functions ¥, and (¢—1). These
functions, rewritten below, are modeled using the semiempirical equations of Pitzer (1973) and co-
workers. (Note that, in the Pitzer equations presented below, I = ionic strength, and that subscripts
M, X, and N refer to cations, anions, and neutrals, respectively. The remaining terms are explained
following the presentation of the Pitzer equations.)

* Equation numbering scheme in Felmy and Weare (1986) duplicated for this discussion.
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c
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z=3Jzm; (2¢)

A? is one third of the Debye-Hiicke! limiting slope (A in the following empirical equation):

AT :
Iny.=——+B81,
Yi 1+Baixfi :

as presented on page 981 of Harvie and Weare {1980].) Here A® equals 0.39 at 25°C. The
second virial coefficients, B, are given the following ionic strength dependence:

Bl =Bk +Blke ™ i +Bie W (32)
Byx "‘B%c +BS':1)X3 (alx/f)ﬂ?;%(g (0‘2 “/f) (3b)

o &loaT) +p2) gloaVT)

By =By I MX I (3¢)

The functions g and g’ are defined by

g(x :2_(_1__(% : *‘ . _ | (4a)
X

g

x2

g(x)=—2 (4b)

with x = alﬁ or= (12‘\/T . When either cation M or anion X i$ univalent, o; =2.0 and o, = 12.
For 2 - 2 pairs, o, = 1.4 and c, = 12. For all electrolyes, b= 1.2. For 2 - 3 and higher pairs, o

= 1.4 and o, = 50. The dimensions of o and o, are kg"2mole V2. The virial coefficients, @,
which depend upon ionic strength, are given the following form:
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@F=0,+50,,(1)+156,(T) (5a)
D, =8,+F0,(I) (5b)
r _Egpr -
P =F6(1) (5¢)

The functions EGI.J. (I) and E9[’.1.(1) are functions only of ionic strength and the electrolyte pair type.

The activity coefficient parameters, A . and (., representing the interactions between ions and

nij*
neutral species, are taken to be constant. The third virial coefficients, Cﬁdx and ;. are also

assumed to be independent of ionic strength.

The complete set of parameters defining the model for nonideal behavior of electrolyte solutions
are as follows:

[353;, BS\?X, Bﬁ;{ and Cg’dx for each cation-anion pair

6,; for each cation-cation and anion-anion pair

& W5 for each cation-cation-anion and anion-anion-cation triplet

A,; and { .. for ion-neutral and ion-ion-neutral interactions.

nif

Many of these parameters can be assigned a value of zero. The above parameters are tabulated in
the CHEMDAT data base (Section 7.3, Appendices I and J).

4.3 Inclusion of Pitzer Activity Coefficients

The activity coefficients are included within FMT according to the “Indirect Methods Based on
Algorithms for Ideal Systems™ documented in Section 7.3.1 of Smith and Missen (1991). A brief
overview of the discussion provided in Section 7.3.1 of Smith and Missen (1991) follows.

The following is an expression for the chemical potential:
i (T,Px)=W; (T,P)+RTiny (TP X)x;, (9)

and
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limy,=1 (Raoult convention)
X; —1

or

lim v;=1 (Henry convention)
x;—0

whérc
x = mole-fraction vector with entries x;,
T = temperature,
P = pressure, and
}1? = standard chemical potential of species i.
Equation 9 may be rewritten as
W=y +RT1nv,(T,P.n)+RTInx,, (10)
where n = spécies-abundance vector with entries 7.

When the first two terms on the right-hand side of equation 10 are combined, the equation can be
formally rewritten as

i, =p:[T,P,n*,(T,P)]+ RTinx; (11)

where L1} is now a function of T and P through the unknown equilibirum solution n".

The calculation procedure is iterative, in which the first step is to compute the equilibrium
composition assuming ideality (y;=1), yielding a first approximation to the system mole numbers

n{). Then the activity coefficients ¥ for the nonideal system are computed from a known

chemical potential expression at the n() composition. In the next step, the equilibrium
composition in the “ideal” system is computed from equation 11, with uf replaced by

O =p? +RTlnYI_(T,P,n(1)). (12)
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This process is repeated until the composition on successive iterations remains constant to within
some specified tolerance. FMT uses this procedure in conjunction with the VCS algorithm
described in Section 4.1.

4.4 Charge Neutrality

Charge neutrality is maintained within FMT in order to best represent the charge neutral state of
aqueous solutions that occurs in the laboratory and the environment. It has been shown (see for
example Smith and Missen, 1991) that a linear combination of the element material balances
produces the charge balance equation. FMT replaces one of the element balances with the charge
balance, which both specifies the material balance on the “replaced” element and constrains the
solution to be charge neutral. The element to be replaced with the charge balance, FORTRAN
variable RPLWCHG, can be any element, but is usually set to Oxygen because it will be present in
all aqueous chemical systems. FMT cannot calculate a charge imbalanced solution composition.
However, should one wish to specify a charge imbalance, fictitious aqueous species such as
“PosJon+" and “Neglon-" made up of the pseudoelements Poslon:EL and Neglon:El and the
appropriate charges can be used to do so. For example, entering a concentration of Poslon+ at
0.1m will cause the solution to have a net negative charge of 0.1m due to the nonfictitious species.

4.5 Pseudoelements

Pseudoelement is the name given to mathematical constructs that are not actual chemical elements
but mathematically are treated the same as an element. Some of the pseudoelements used within
FMT in the past have been Electron:EL, Poslon:EL, Neglon:EL, ClIO4:EL, and Charge:EL.
Perchlorate, ClOy, is a pseudoelement because it is a combination of elements treated as an
element. That is, the unit CIO4:EL cannot be divided into its constituent elements during
simulations with FMT. Organic ligands are treated as pseudoelements, including Oxalate:EL,
Citrate:EL, Acetate:EL, Lactate:EL, and EDTA:EL. This prevents these moieties from
undergoing chemical reactions that alter the organic species, while allowing the organic ligands to
complex with protons and other aqueous species.

5.0 CAPABILITIES AND LIMITATIONS OF THE SOFTWARE

FMT calculates chemical equilibrium for user-specified total element amounts for aqueous or
aqueous/mineral geochemical systems. All chemical elements specified by the user must be
included in the data base used by FMT in order for calculations to proceed correctly. The current
FMT data base, HMW_NP_AM.CHEMDAT (described in Section 7.3), is limited to the
elements H, O, Na, K, Mg, Ca, Cl, B, and Br, and the pseudoelements “SQ4,” “CO3,”
“Am(III),” “Np(V),” “ClO4,” and “Charge.” (Element names contained in quaotes are not strictly
chemical elements, and are therefore called “pseudoelements.” Pseudoelements are treated in the
FMT data base as indivisible units, and thus behave numerically as though they were chemical
elements.) The species that can be formed from these elements, aqueous and solid, are only those
that are included in the data base. The data base documentation (Appendix I) gives the sources of
parameters contained in the data base. The user is responsible for determining whether the data
base included in FMT is appropriate for his/her chemical system.
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It is important to note that FMT does not model gas phases explicitly. However, the effects of
imposing chemical equilibrium between a solution and a gas phase with constant fugacities for all
soluble gas phase constituents can be modeled by creating hypothetical but therrnodynamically
viable solid phases in the solution. These fictitious solids should have standard chemical potentials
that are calculated from the gas fugacities.

Several scenarios for WIPP disposal rooms suggest there will be CO2 gas present. 1t is therefore
desirable to calculate the effects of CO2 gas on the aqueous and solid chemistry in the disposal
room, and in turn on dissolved actinide concentrations. While FMT cannot explicitly model the
gas phase, it can model a system with constant CO? gas fugacity by proper declaration of a CO2
solid phase, as discussed below.

Thermodynamics allows the declaration of a hypothetical CO2 *“solid” phase to mimic the effects
of constant CO7 gas fugacity:

CO,(g)>CO,("solid"). (13)

At equilibrium, this reaction is described by the relationship

”go ("solid") “go {g) R My
0 SOl 2 g . ; ‘{.L

= +In , 4 14
RT RT fCOz . {hh)

where foo s the CO,(g) fugacity, which can be thought of as an effective partial pressure for

CO,(g). Equation 14 , which makes use of the standard convention that the activity of a pure

solid phase is unity, allows one to simulate a system with a constant CO,(g) fugacity as long as
the CO2 “solid” phase is present. See Novak (1995k) for details.

Other particular items to note are listed below:

. Oxidation-reduction (redox) reactions are not supported by the HMW_NP_AM data
base.

- The “Am(III)” and “Np(V)” models in HMW_NP_AM are preliminary and
provisional, and may be changed in further versions of the data base associated with
FMT as more information becomes available. An example of this additional information
is complexation with dissolved organic ligands such as the organic-acid anions acetate,
lactate, oxalate, and citrate. Updated versions of the CHEMDAT data base for use with
FMT will be issued as they are developed.

- The radioactive elements thorium(TV), uranium(IV), uranium(VI) and other elements
may be added in future versions of the FMT data base. These additions will be
modifications to the data base only (CHEMDAT) and will not require code changes.
However, it is possible that several sections of code, particularly for calculating activity
coefficients, may not be accessed until thorium(IV) is incorporated into the data base.
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6.0 USER INTERACTIONS WITH THE SOFTWARE

6.1 Overview

FMT requires three input data files—INPUT, INGUESS, and CHEMDAT. An additional input
file RHOMIN is required for titrate problems. In the INPUT file the user sets the problem
parameters and specifies the solution composition by providing the toral element abundances.

Note that “abundance” means the total amount, an extrinsic quantity, e.g., 3 moles of Na, 2 moles
of Cl, 1 mole of Br. The intrinsic quantity, commonly moles per kg H2O within FMT, is
calculated based on the extrinsic amount of water that can be formed from the specified element
abundances. This is the technical definition for the abundance entries. In practice, it is convenient
to specify about 1 kg of water (about 55.5 moles of O and 111.0 moles of H) to allow the
abundances in the INPUT and INGUESS f{iles to be looked at on a molal (or approximately,
molar) basis. (A convenient way to put all species concentrations in the INGUESS file on a nearly
exact molal basis is through use of the FOR088 file, which contains a column of species
concentrations in molal units. These concentrations can be copied to an INGUESS file to put all
species in the INGUESS file on a molal basis, although technically it is still the extrinsic species
abundances that are given. This merely “normalizes” all extrinsic abundances to a “per kg HpO”
basis.)

Optionally, the user could specify the same solution composition by setting the species abundances
in the INGUESS file. The CHEMDAT file is a data base that contains species names,
characteristics, and Pitzer parameters. RHOMIN, another data base file, contains mineral

densities. FMT input files are discussed in detail in Section 7.0.

Ihe user should not and is not exp
which are provided with the

FMT generates a primary file OUTPUT and secondary file(s), depending on the problem.
FOROR8S is the secondary file for batch problems. TITRATE and MOLES are the secondary files
for titrate problems. Both the FOR088 and TITRATE files are subsets of their respective
OUTPUT files, reordered by chemical species for user convenience. Because the format of
FORO088 is the same as that of INGUESS, FOR088 output can be used as input for INGUESS.
QOutput files are discussed in detail in Section 9.0. '

Figures 1 and 2 illustrate the input and output files for batch and titrate problems respectively. The
input files labeled as static are the data base files. :
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Optional Data Path*

INPUT \ s il
—»| INGUESS — FMT \
CHEMDAT FORO088
{static)

*FORO088 output may be used as input
for INGUESS file.

Figure 1. Input and Output Files for BATCH

INPUT

/v OUTPUT
INGUESS

FMT ¥ TITRATE

B
CHEMDAT /' \

{static

MOLES

RHOMIN (static

Figure 2. Input and Output Files for TITRATE
6.2 User-Supplied Input Files

Using a convenient editor, the user creates and modifies parameters in the INPUT and INGUESS
files. After specifying a title for identifying the problem (usually naming the solution
composition) and setting character flags in the INPUT file, the user quantifies the elemental
amounts required for a specific solution. The user must specify the amounts in the same order as
the elements are listed in the CHEMDAT file, starting with hydrogen.

The INGUESS file, if FMT is instructed to read it, provides molar amounts for each species in the
CHEMDAT file. All amounts must be specified as total abundances, i.e., number of moles in the
(unspecified) control volume. The user must state the moles for each species in the same order as
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the species are listed in the CHEMDAT file, starting with H»O. FMT converts these extrinsic
quantities to molality using the mass of water that can form given the solution composition.

FMT reads the entire INPUT file. If the character strings ‘MOLES’ and ‘EXACT’ are set in the
INPUT file, then FMT reads the moles for each species from the INGUESS file and calculates the
molal amounts of all the elements. If ‘nMOLES’ and ‘nREXACT’ strings are set, then FMT uses
the elemental mole amounts as stated in the INPUT file. In this case, the INGUESS file must
exist although it may be an empty file, 1.e., a file containing no data.

6.3 Executing FMT
6.3.1 DEC Environment

The user can use the command file FMT_FMTC.COM to run FMT on the Sandia NWER
network with Digital's Alpha machine BEATLE. This file is located in the FMT library. All files
in the library are under control of Digital's Configuration Management System (CMS). This
library contains FMT data base files, source code and command files. The user can retrieve the
command file FMT_FMTC.COM from the FMT library using the CMS "fetch" command. For
ease in executing FMT, the command file should be in the same directory where the input files
reside.

6.3.1.1 Fetching the Command File FMT_FMTC.COM from. CMS

To retrieve the command file FMT_FMTC.COM, the user logs into EEATLE and types in the
symbol “nonpa_cms_syms"” to define other CMS symbols, and the command “libfmt” to specify
the FMT library. Then the user locates the directory/subdirectory where his/her input files reside
by typing in a “set default (sd)” command. The command “cfe fmt_fmtc.com™ copies the
command file into the user’s current directory. The lines are:
Sneonpa_cms_syms ff
$1libfmt {
$sd [username.user_inputfile directory] £y
$cfe fmt fmtc.com

The command file can be copied from directory to directory. The user does not need to fetch the
file each time. FMT_FMTC.COM also issues the lines “nonpa_cms_syms” and “libfmt™ so the
user does not need to type those two lines for each login.

6.3.1.2 Running FMT_FMTC.COM

To execute “@FMT_FMTC” the user must always be logged into BEATLE. The user should be
in the directory that contains the .IN and .INGUESS files before starting FMT_FMTC. To
execute the command the user types in:

$QFMT_FMTC

The user will be prompted to supply a substring for the CHEMDAT and RHOMIN files and the
input file’s name. To retrieve a list of all CHEMDAT and RHOMIN files, the user can simply
type in “FMT” since all database files are prefixed with the “FMT_HMW_" string. Any
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substring of the database file name can be typed in if the user knows the valance states or the date
of the files desired. The input file name must not contain the extensions (“.IN” or “ INGUESS™)
and file names of IN and INGUESS must be the same.

After listing the CHEMDAT files that match the substring specified, the user is prompted to select

a CHEMDAT file. The user can select a file by either double clicking on the file name, copying
the file name and pasting it to the waiting request, or typing the entire name. Then a listing of all
RHOMIN files matching the substring is displayed and the user is prompted to select a RHOMIN
file.

WARNING: The FMT_FMTC command deletes all chemdat and rhomin files with the “FMT_"
prefix from the user’s current directory before fetching any CHEMDAT or RHOMIN file.

6.3.1.3 Examples

The following examples show what (in boldface) a user types in response to a “$” prompt line or
FMT’s request. All other lines are BEATLE's operating system response, CMS’s response, or
FMT’s response. FMT_FMTC.COM generates the log file with the time and date stamp in the
file’s name. The log file records all the screen output, including explicit information on the build
of the executable “FMT_FMT2P0” and the complete input and output file names used in the runs.

Example #1 - Running the batch problem BATCH_DOC

The input file names and extensions for the BATCH_DOC problem are BATCH_DOC.IN and
BATCH_DOC.INGUESS. Referring to the directory listing afier the run, the program FMT
generated the files BATCH_DOC.OUT and BATCH_DOC.FOR088, CMS fetched the files
FMT_HMW_NP_AM.CHEMDAT and FMT_HMW_NP_AM.RHOMIN, and
FMT_FMTC.COM recorded the screen output from FMT in the file
BATCH_DOC_JANO08_1519.LOG. A listing of the log file follows the directory listing.

S dir
Directory Ul: [SCBABB.FMT.CMS_TESTFILES]

BATCE_DOC.IN:1 BATCH_DOC.INGUESS:1 FMT_FMTC.COM:1

Total of 3 files.

$ @fmt_fmtc

Enter chemdat file name to search on: fmt

Enter rhomin file name to search,on: fmt

Enter input file name (without _extension): batch_doc
$CMS-I-LIBIS, library is WPSNONPA_CMSROOT: {FMT]
$CMS-S-LIBSET, library set

Elements in CMS Library WPSNONPA_CMSROQT: |FMT]
FMT_HMW3S_951213.CHEMDAT “K+ INTERACTIONS TO NP{V) SOLUBILITY DB"

FMT_HMW_35.CEEMDAT "Initial load"
FMT_HMW_35_951213 .CHEMDAT "K+INTERACTIONS TC NP(V) SOLUBILITY W/O CMS HISTORY"

o

gy

FMT_HMw_35_951213_F-1.CHEMDAT ~CO2 FUGACITY FILES CREATED FROM FMT _HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNQVAX_-
FMT_HMw_35_951213_F-10.CHEMDAT “CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_EMW_35_951213_F-11 .CHEMDAT -CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_EMW_35_951213_F-12.CHEMDAT -CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAX.
FMT_HEMW_35_951213_F-13 .CHEMDAT =CO02 FUGACITY FILES CREATED FROM FMT HMW_35_951213 .CHEMDAT MASTER FILE FROM CENOVAK.
FMT_HMW_35_951213_F-14.CHEMDAT "CO02 FUGACITY FILES CREATED FROM FMT_HEMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.

FMT_HMW_35_951213_F-2 .CHEMDAT ~C02 FUGACITY FILEZS CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNCVAK.
FMT_HMW_315_951213_F-3 .CHEMDAT *“CO2Z FUGACITY FILES CREATED FROM FMT_HMW_3S_951213 CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-4.CHEMDAT "CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_5951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-5,CHEMDAT =C02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 ,CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-6.CHEMDAT *CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.

FMT_HMw_35_951213_F-7 .CHEMDAT “CO2Z FUGACITY FILES CREATED FROM FMT_EMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAE.
T_EMW_35_951213_F-8.CEEMDAT ~"CO02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_EMW_35_951213_F-9.CHEMDAT ~CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_551213 .CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMw_35_951213_F1.CHEMDAT ~C0O2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK."

IR B B )

FMT_HMW_35_951213_F10.CHEMDAT "CO2 FUGACITY FILZS CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK. "

R I R R |
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FMT_HEMW_35_951213_F60.CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35_5$51213.CHEMDAT MASTER FILE FROM CFNOVAK."
FMT_HMW_NP_AM.CHEMDAT ~Initial load-
FMT_HMW_NP_AM_F60.CHEMDAT *Initial load”
Select CHEMDAT name from list above: FMT_BEMW_NP_AM.CHEMDAT
Your CMS library list consists of:
WPSNONPA_CMSROOT : {FMT]

$CMS-S-FETCHED, generation 1 of element WERSNONPA_CMSROOT: [FMT]FMT_HMW_NP_AM.CHEMDAT fetched
Elements in CMS Library WPSNONPA_CMSROQOT: [FMT]

FMT_HMMW_35 _RHOMIN *Initial loag"

FMT_HMW_NP_AM RHOMIN "Initial load"

Select RHOMIN name from list above: FMT HMW_NP_AM.REOMIN

Your CMS library list consists of:
WPSNONPA_CMSROOT : [EMT]

fCMS-S-FETCHED, generation 1 of element WPSNONFA_CMSROOT: [FMT]FMT_EMW_NP_AM.RHOMIN fetched

image name: *“FMT_FMT2P0O"

image file identification: *PROD PAS6"
image file build identification: **
link date/time: 21-DEC-1985 11:36:28.86
linker identificaticm: "All-14°

Entering Subroutine READDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set toc nDG_BYPASS

[ .FD.TITRATE]BATCH_DOC.in; to illustrate/document "BATCH" runs FMT VvZ.0
DATABASE: HMWB4/FWB6; Np(V)-Na-CO3-0H-CI-Cl04 (NRS4):;

95.01.31 Am(III)-Na-Cl-CO3-S04-PO4 (FRSRBY,FRF90,P91,RFFR92 RFF94,.RRFF94)

Accuracy of reacticns is 1.0000E-06
Minimum elemental abundance is 1.0000E-18
Number of Agqueous Species is 5C

ACTIVITY COEF. FLAG PITZACT
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

Exiting Subroutine READDAT
Char Flags: FLOW/BATCH/TITRATE BATCH UNUSED
this is a BATCH problem

Eche of Mole Specifications: nMOLES nEXACT
ECHO PRIN™ OF ELEMENT ABUNDANCES IN ONEFLSH
110.2223€4000000 Hydrogen
55.1654821000000 Oxygen
0.20000000CG0CBC0O0 Scdium

1.00000000000CC00E~002 Potassium
1.00000C000000C00E-G03 Magnesium
1.00000000000000CE-004 Calcium
@.110000000000000 Chlorine
1.,000000000000000E-003 Sulfur
1.000000000000000E-004 Carbon
0.000000000000000E~00Q PosIon
0.000000000000000E+000 Neglon
0.0000000C0000000E+000 Air
1.000000000000000E-Q07 Boron
0.000000006000000E+000 Bromine
0.00000C000000000E+QCD TracerEl
0.000000000000000E+00C Th(IV}
0.00000C0000C0000E+000 Am{III)
0.002000000000000E+000 U{VI)
0.0000000C0C0C0C0E+000 Np{V)
0.000000000G0C0000E+Q0CO C104-{EL) .
0.000000000000000E+000 Phosphorus
0.0000000GC000000E+0C00 Electron
4.906053920000000E-C17 Charge
.LT. (MINABU*1.d-6) moles NaBOZ2.NaCl.2H20_ _ Teepleite_(20_C): delkswitch

.LT. (MINABU*1.d-6) moles NaBSOB.5H20, Sodium_Pentaborate: del&switch

.LT. (MINABU*1.d-6) moles NaOH{ag)...... to.titrate.base.only; del&switch

.LT. (MINABU*1.d-6) moles HCl{ag)....... to.titrate.acid.only; del&switch

.LT. (MINABU*1.d-6) moles K2B407.4H20___ K-Tetraborate_{30_C); del&reopt

LT, (MINABU*1.d-6) moles B4CS5(OH)4= B40S{OH} 4=; del&reopt o -

LT, (MINABU"1.d-6) moles KS8H6(SO4)7___ ____ Misenite; delireopt T T
LLT. {(MINABU*1l.d-6) moles KBH4(CO3)6.3R20___K-Sequicarbonate; del&switch gt AL
.LT. (MINABU*1.d-6] moles B303(OH)4- B30D3(OH)4~-; delaswitch I3 Y i

.LT. (MINABU*1.d-6) moles CadCl2(OH}6.13H20__CaOxychloride'A; delaswitch

esseurwrrer s SOLUBILITY PRODUCT VIOLATION**4®v*vswssne
** Mg(OH)2 Brucite ** 1.00E+01 ~**

.IIIIII"I"SOw‘BILITY pRODUCT VIOMTIO LR R A R R
** Mg2Cl(CH)3.4H20 MgOxychloride ** 6.69E+00 ==

2 Sclubility Product Viclations

Adding solid Mg(OH)2 Brucite
pmH = -log(m(H+)!} = 12.7140
PH = -legfalB+}]) = 12.8532

Total Diagonal Inversions 83



FMT. Version 2.0
User's Manual. Version 1.00

WPQO # 28119
November 17, 1995

Page 77

Total Stoichiometric Reoptimizations 10
SINGLE BATCH EQUILIBRATION COMPLETED
S dir

Directory Ul: [SCBABB.FMT.CMS_TESTFILES)

BATCH_DOC.FOR088;1 BATCH_DOC.IN;1 BATCH_DOC.INGUESS;1 BATCH_DOC.QUT;1
BATCH_DOC_JANOB_1519.L0G;1 FMT_FMTC.COM;1 FMT_HMW_NP_AM.CHEMDAT; 1

FMT_HMW_NP_AM.RHOMIN;1

Total of 8 files.
$ type batch_doc_jan08_1519%.log

image name: “FMT_FMT2P0"

image file identification: “PROD PAS%6"
image file build identification: ="
link date/ftime: 21-DEC-1995% 11:36:28.86
linker identification: “All-14"

Entering Subroutine READDAT

reading chemical species data from CHEMDAT file

DG_EYPASS flag set toc nDG_BYPASS

[.FD.TITRATE]BATCH_DOC.in; to illustrate/document “BATCH" runs
DATABASE: HMWB4/FW86; Np(V)-Na-CO3-CH-Cl-Cl04 {NR%4):

85.01.31 Am(IXI)-Na-Cl-CO3-504-P0O4 (FRSR89,FRFS0,P91,RFFRI2, RFF94, RRTF24)

Accuracy of reactions is 1.00C0E-06
Minimum elemental abundance is 1.000CE-18
Number of Agueous Species is 50

ACTIVITY COEF. FLAG PITZACT
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

Exiting Subroutine READDAT
Char Flags: FLOW/BATCH/TITRATE BATCH UNUSED
this is a BATCH problem

Echo of Mole Specifications: nMOLES nEXACT

ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
110.222364000000 Hydrogen
55.1654821000000 Oxygen
G.200000000000000 Sodium

1.000CC0000000000E-002 Potassium
1.000000000000000E-003 Magnesium
1.000000000000000E-004 Calcium
0.110000000000000 Chlorine
1.0006000000000000E-003 Sulfur
1.000000000000000E-004 Carbon
¢.000000000000000E+000 PosIon
0.000000000000000E+000 NegIcn
0.000000000000000E+0OC0 Air
1.00G00000000C000E-007 Beron
0.000C00000000000E+COC Bromine
0.000000000000000E+00C TracerEl
0.000000000000000E+00C Th{IV}
G.00D000000000000E+0D0 Am(III)
0.0000000000C00C00E+Q00 UT(VI}
0.000000000000000E+000 RpiV)
0.000000000000000E+00QC C1lO4-(EL)
0.000000000000000E+00C Phosphorus
0.000000000000000E+00C Electron
4.905053920000000E-017 Charge
.LT. (MINABU*1.d-6) moles NaBO2.NaCl.2H20___ Teepleite_(20_C); del&switch
.LT. (MINABU*1.8-6) moles NaB308.5H20 Sodium_Pentaborate; del&switch

.LT. (MINRBU*l.d-6) moles NaOK(ag)......to.titrate.base.only; del&switch
LT. (MINABU*1.d-6) moles HCl{ag)....... to.titrate.acid.only; del&switch
LLT. (MINABU*1.4-6) moles K2B4O7.4H20___K-Tetraborate_(30_C); del&kreopt
LT, (MINABU*1.d«6) moles B40S(CH)4= B405{(0H)4=; delkreopt

LLT. {MINABU"1.d-6) moles K8H6(S04)7 Misenite; del&reopt

.LT. (MINABU'l.d-6) moles KBH4(CO3)6.3H20__ K-Sequicarbonate; del&switch
.LT. {MINABU*1l.d-€) moles B303(0D#)4- B303(OH}4-; del&switch
_LT. {MINABU®*1l.d-6) moles CadCl2{0H)6.13H2C__CaOxychloride A; delkswitch

¢vereseserssSOLUBILITY PRODUCT VIOLATION®®*s=exsssess

** ¥g(0OH)2 Brucite ** 1.00E+01 **

sswssssesswsSOLUBILITY PRODUCT VIOLATION®** *er=z=<-w==

== ¥g2Cl(0H)3.4H20 MgOxychloride ** 6.6%E+00 =~
2 Solubility Product Violations

Adéing solid Mg(OH)2 Brucite

prE = -log(m{H+}] = 12.7140

PH = -logla(H+)]) = 12.8532

Total Diagonal Inversions 85

Total Stoichiometric Reoptimizations 10

SINGLE BATCH EQUILIBRATION COMPLETED

FMT v2.0



FMT, Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17, 1995
Page 28

Example #2 - Running the titrate problem NP_NACL_BM

For a titrate problem such as NP_NACL_BM, the input files are NP_NACL_BM.IN and
NP_NACL_BM.INGUESS. FMT generates NP_NACL_BM.OUT,
NP_NACL_BM.TITRATE, and NP_NACL_BM.MOLES.

$ dir
Directory Ul: [SCBABB.FMT.CMS_TESTFILES)

FMT_FMTC.COM;1 FMT_HMW_NP_AM.CHEMDAT; 1 FMT_HMW_NP_AM.REOMIN; 1
NP_NACL BM.iN;S NP_NACL_BM.INGUESS; 2

Total of 5 files.

$ @fmc_fmtc

Enter chemdat file name toc search on: ap

Znter rhomin file name to search on: np

Enter input £ile name (without .extensiocn): np sacl bm
$CHMS-T-LIBIS, library is WPSNONPA_CMSROOT: [FMT]
$CM5-S-LIBSET, library set

-CMS-1-SUPERSEDE, library list superseded

Elemencs in CHS Library WPSNONPA_CMSROOT: [FMT] s

FMT_HMW_NP_AM CHEMDAT “Initial lead*
FMT_HMW_NP_AM_F60.CHEMDAT “Initial load"
Select CHEMDAT name from list above: FMT_HMW_NP_AM.CHEMDAT
Your CMS library list consists eof:

WPSNONPA_CMSRQOT : {FMT]

%¥CM5-5-FETCHED, generation 1 of element WPSNONPA_CMSROQT: {FMT]FMT_HMW_NP_AM.CHEMDAT fetched
Elements in CMS Library WPSNONPA_CMSRCOT: [FMT]

FMT_HMW_NP_AM_RHOMIN ~Initial load*
Select REOMIN name from list above: FMT_EMW _NP_AM.RHOMIN
Your CMS library list consists of:

WPSNONFA_CMSROOT: (FMT]

%CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROQT: [FMT]FMT_HMW_NP_AM.RHOMIN fetched

image name: “FMT_FMT2P0O"

image file identification: “PROD PAYE"
image file build identification: **
link date/time: 21-DEC-1995 11:36:28.88
linker identification: "All-14°

Entering Subroutine READDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to nDG_BYPASS

Benchmark TITRATE Problem; Np{V)C2 with C03 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWBA/FWE6; Np{V)-Na-CO3-0H-C1-Cl04 (NRS4):

95.101.31 Am{III)-Na-Cl-CO3-S04-P0O4 (FRSRBI,FRYY0,PY1, RFFRS2, RFF94,RRFF94)

Accuracy of reactions is 1.0000E-0C6
Minimum elemental abundance is 1.0000E-18
Number of Adueous Species is 50

ACTIVITY COEF. FLAG PITZACT
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

Exiting Subroutine READDAT ' ;f
Char Flags: FLOW/BATCH/TITRATE TITRATE EXPLICIT ¢
this is a TITRATION problem

Character Flags: J.C. nMOLES nEXACT
Character Flags: I.C. nMOLES REXACT
TEMP is an unused local variable 1B00C0.10Q0000600

TITRATION option requires delta(x}=0.01 meters
Defining delta(x) as such

DIFFUS Parameter UNUSED= nDIFFUS
CONVEC Parameter UNUSED= CONVEC
SSPIFr Parameter UNUSED= nSSDIFF
RESTART Parameter Value Read = nRESTART
UNUSED Parameters nPUSHPULL nMULTINT
UNUSED parameter FRAC FLO

TITRATION Problem:
-) Assigning all delta(y) to 0.1 m
-) Setting # of nodes in Y-direction to 3
-) Setting NONREACTIVE Porosity to 0.0

Char Flags UNUSED UNUSED RHSFDIF LHSFDIF
Char Flags UNUSED UNUSED nMOLES nEXaCT
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TEMP is an unused local variable 9.999999995999999E-021
Character Flags: VPOROS FRFLASH VPOROS FRFLASH
Specifying VARIABLE POROSITY for TITRATION Problem
Character Flags: VAR_AQ_RHC VAR_AQ_RHO FRFLASH
Aqueous Density is a Function of Composition
Char Flag is UNUSED: NO X DIFF nNO X DIFFP
Char Flag is UNUSED: UNIFORM UNIFORM
MINERAL DENSITIES, KG/M"3, IN FILE “RHOMIN®
pmH = -logim{H+!1 = 11.6199
pPH = -logla(H+)] = 11.7497
pmH = ~loglm(E+}) = 5.9141
pH = -logla(H+]}1] & 5.3205
TITRATION Character Flags
cduml= TITRATE cdum2= ASRERD
reading titrant volumes from input file
First Volume Added = Q.16 mL
Final volume Added = 10.00 aL
pmHE = ~lag{m(H+}] = 5.%141
pH = -logla(H+)] = 53205
pmH = ~log(m{H+)}] = 6.2386
pH = -loglalH+)] & 5.6451
pmE = ~log(m{H+)] = &.5870
pH = -logla(H+)] = 5.9936
pmH = ~logim{H+}] = £.B286
pH = -logla(H+)] & 65.2353
pmE = ~log{m(H+}] = 7.2930
pH = -loglai{H+}] = £.£9%¢6
pmH = ~log[m{H+)] = §.5359
pH = -logla{H+)] = 7.9427
pmH = ~log[m{H+]] = B.9250
pH = -logla(H+}] = B.3317
pmE = ~logm(H+}] = 9.1587
PH = -loglalH+}]) = 4.5655
pmH = ~log[miH+)] = 9.3098
pH = -logla(H+}] = 8.7166
omH = ~loglmi{BH+}] = 9.4653
pH = -logla(H+)} = 8.8722
pmd = «log[m(H+)] = 9.8154
pH = -loglz(H+)]) = $.2225
pmH = -leogim(H+)] = 10.0620
pH = -logla(H+]] = 9.46595
pmH = -log{m(H+}] = 10.4406
pH = -logfa(B+}] = 9.8493
pmH = ~log(mi(H+}] = i0.8825
pH = -logla(H+)} = 10.2955
pmH = -log[miH+)] = 11.2341
pH = ~loglalE+)] = 10.6594
tnd of AutoTitration Problem
S dir
Directory Ul:!SCBABB.FMT.CMS_TESTFILES] f‘
¥ ,
FMT_FMTC.COM;1 FMT_ HMW_NP_AM_ CHEMDAT:1 FMT_HMW_NP_AM._.RHOMIN:;1 . K
NP_NACL_BM.IN;S NP_NACL_BM. INGUESS;2 NP_NACL_BM._MOLES;1
NP_NACL_BM.OUT;1 NP_NACL_BM.TITRATE;1l NP_NACL_BM_JANDB_1523.L0G;1
Total of 9 files.
6.3.2 Macintosh Environment

The user double clicks with a mouse or track ball on the Macintosh executable icon for FMT,
named PMacFmt. A screen titled “Output from PMacFmt” displays the file prompts and writes
each file name on the screen after the user selects or names a file. The user makes a selection
through a window display by navigating the folders or directory tree and double clicking on a file

name.

The user can set a folder or directory before selecting or naming any file. The order of prompts in
a batch problem directs the user to:
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1.  Select CHEMDAT File —

2. Select RHOMIN File*

3. Select INPUT File

4? Select INGUESS File

5. Enter OUTPUT File Name

6.  Enter FORO088 File Name
A titrate problem directs the user to:

L. Select- CHEMDAT File

2. Select RHOMIN File

3. Select INPUT File

4.  Select INGUESS File

5. Enter OUTPUT File Name

6. Enter TITRATE File Name

7.  Enter MOLES File Name

6.3.3 Organization of Files

A suggested method for organizing folders or directories while running FMT on the DEC Alpha,
Macintosh, or PC platforms is shown in Figures 3 and 4. Using this approach, the user groups

. all data base files (CHEMDAT and RHOMIN) in one folder. Beneath a major folder
labeled “HMW_DB,” Figure 3 shows two subfolders, labeled “HMW_NP_AM” and
“HMW_35,” which each contain unique CHEMDAT and RHOMIN data base files.

. the IN and INGUESS files in another folder. Beneath a major folder labeled “Test
Cases,” Figure 4 shows two problem-labeled folders, “BATCH_DOC” and
“NP_NACL_BM,” which each contain separate sets of input files. The
“BATCH_DOC” input files are located under each version number folder.

* Although the RHOMIN file is not used for batch calculations, the user must still provide a file name for it —
when operating in a Macintosh environment.
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*  the ouput files in either the same problem-labeled folder or another folder (beneath the
problem-labeled folder) labeled with version numbers “V1,” “V2,” and so on. Both
options are shown in Figure 4.

¢
. D
HMW_DB
<<
7
HMW_NP_AM HMW_35°2 HMW_3452 PR
HMW_NP_AM.CHEMDAT HMW_35.CHEMDAT
HMW_NP_AM_F60.CHEMDAT' HMW_35_F60.CHEMDAT
HMW_NP_AM.RHOMIN HMMW_35_F1.CHEMDAT
HMW_35.RHOMIN
Notes
1. Same as HMW_NP_AM CHEMDAT, except a deciaration of 602 *solig* fugacity = 60.0 atm was added.
2. Contains updates on thermodynamic parameter values and complexation data for Np(V) and Np(V);
F1 and FE0 designate modifications to CHEMDAT file to reflect CO,, "solid” fugacity at 1 and 60 atm.
3. Folder for future CHEMDAT data bases for Actinides in 1/, IV, V oxidation states.
Figure 3. Suggested data base organization.
I3
.l
Test Cases
[
g
® ¢ @
35 —55—
BATCH_BOC NP_NACL_BM
=i —5%
NP_NACL_BM_LOG.IN
e o o NP_NACL_BM INGUESS e o o
NP_NAGL_BM_LOG.OUT_V1
NP_NACL_BM_LOG TITRATE_V?
v1 vz NP_NACL_BM_LOG MOLES_V1
BATCH_DOC.IN BATGH_DOC.IN
BATCH_DOC.INGUESS  BATCH_DOC.INGUESS
BATCH_DOC.OUT_V1 BATCH DOC.OUT_v2

BATCH_DOC. FORDEB. V1 BATCH_DOC . FORDEE V2

Figure 4. Suggested input/output file organization,
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6.4 Setting up and Running a Batch (Flash) Problem

The input files for batch problems are INPUT, INGUESS, and CHEMDAT. The user supplies
the INPUT and INGUESS files. CHEMDAT is provided as a standard data base file.

In batch problems, FMT generates two output files: OUTPUT and FORO08S.
6.4.1 Screen Display Descriptions

The lines displayed on the screen during the execution of batch problems are frequently repeated in
the OUTPUT file, including the CHEMDAT portion of that file. Any error messages will be
displayed on the screen and printed in the OUTPUT file. The user can refer to Section 8.0 for
explanations of errors and other messages; the OUTPUT file is documented in Section 9.1.

Table 1 explains the lines displayed to the user’s screen during FMT execution. The “Line”
column refers to the line numbers listed in a display of the screen during execution of a sample
problem called “BATCH_DOC.” If applicable, the “Variable Name” column shows FMT

program variables.

Table 1. Batch Problem Screen Display Description (See Appendix A for sample listing.)

Line | Variable Name Description

1 CHEMDAT NAMFE. | A partial string of a CHEMDAT filename to search on.

2 RHOMIN_NAME | A partial string of a RHOMIN filename to search on.

3 FILE_NAME The full file name without the “.xxx" extension.

4-6 notation; setting pointers to FMT CMS library

8-11 list of CHEMDAT files with their comments in FMT CMS library that

correspond to search string in line 1

12 CHEMDAT NAME | user double clicks or cuts and pastes with a mouse or types in appropriate
CHEMDAT filename

13-16 notation indicating that the CHEMDAT filename in line 12 has been copied to
the user’s current directory

18-20 list of RHOMIN files with their comments in FMT CMS library that correspond
to search string in line 2

21 RHOMIN_NAME | user double clicks or cuts and pastes with a mouse or types in appropriate
RHOMIN filename
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22-25 notation indicating that the RHOMIN filename in line 21 has been copied to the
user’s current directory
27-31 linker and identity information on the FMT2P0 executable in CMS
33 notation; FMT will begin reading problem description frem INPUT fiie
(BATCH_DOC.IN, Appendix E) and chemical data from CHEMDAT file
(HMW_NP_AM.CHEMDAT, Appendix I)
34 notation; FMT read ‘CHEMFILE’ from INPUT file (BATCH_DOC.IN,
Appendix E)
35 DUMMY?2 FMT read ‘nDG_BYPASS’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)
36 notation; repeat of line 1 of INPUT file (BATCH_DOC.IN, Appendix E)
3742 | DBASE], repeat of lines 3-8 OUTPUT file for CHEMDAT (Appendix J)
DBASE2,
ACCURACY,
MINABUNAQ
4445 | DUMMY?2 FMT read ‘PITZACT’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I} and notation (repeat of line 1273 from OUTPUT file for CHEMDAT
[Appendix J1) .
46 ELNAMES repeat of line 1274 from OUTPUT file for CHEMDAT (Appendix J)
(RPLWCHG)
48 notation; FMT finished reading CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)
49 CDUM1.CDUM?2 | character strings read from INPUT file (BATCH_DOC.IN, Appendix E) to set
batch mode
50 notation that FMT has a BATCH problem
51 DUMMY, character strings read from INPUT file (BATCH_DOC.IN, Appendix E) to not
DUMMY1 read species amounts from INGUESS
52-76 notation; listing of elemental abundances
ABUND(), ith mole amount from INPUT file (BATCH_DOC.IN, Appendix E) and jth
ELNAMES(i) element name from CHEMDAT file (HMW_NP_AM.CHEMDAT., Appendix I)
77-8¢ | NAMES() species deleted from equilibrium algorithm because their total number of moles

NMOLES(i) became negligible(<MINABUx1x10-9)
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88-95 repeat of lines 17-24 in OUTPUT file for Batch (BATCH_DOC.QUT, -
Appendix M)

96-97 repeat of lines 163-164 in QUTPUT file for Batch (BATCH_DOC.OUT.
Appendix M) ‘ ;

98-99 repeat of lines 180-181 in OQUTPUT file for Batch (BATCH_DOC.OUT,
Appendix M)

100 notation; normal exit from batch mode

6.4.2 Using FORO088 File as INGUESS File

The secondary output file FORO8S is produced from batch problems. Using the FOR088 as an
INGUESS file provides the user with an easy way to adjust the solution composition.

Suppose the user ran a batch problem and generated the output files OUTPUT and FOR088. The
FORQS8S file contains the number of moles of each species calculated from the equilibrium run.
The user could rename the FORO088 file to INGUESS, change the flags to ‘MOLES’ ‘EXACT’ in
INPUT, and recalculate the equilibrium solution using the species concentrations (total mole
amounts) read from the renamed INGUESS file. In this scenario, the calculated results would be
the same.

If a user wanted to use the calculated concentrations from BATCH_DOC as a starting point but,
for example, wanted the solution to be less basic, one could take the new INGUESS file, and
increase the moles of one or several acids (or whatever else one desired to change) and run the
problem again. Because the total mole amounts would be calculated from the INGUESS file, this
would change the equilibrium system.

The process of running FMT, renaming the FORO088 file as the INGUESS file, modifying the
INGUESS file, and rerunning FMT, can be used to fine tune the composition to whatever the user
desires.

6.5 Setting up and Running a Titrate Problem

In addition to running in batch mode, FMT can calculate equilibrium concentrations resulting from
titrating one solution with another solution or solution containing minerals (“a slurry”). For titrate
problems, the user defines two solution compositions, the solution to titrate with. called the titrant
or the “buret” solution, and the solution to be titrated, or the “Erlenmeyer” solution. The user
must also specify the volumes of buret solution to add to the Erlenmeyer solution, and the number
of additions.

Titration can be conceptualized as a series of Ng beakers each containing 1 liter of the Erlenmeyer
solution. A volume of titrant solution in milliliters AV;, i=1,...,N, is added to each beaker. The —
first volume addition is always zero, that is, AV =0. At each titration step the specified volume is
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added to each of the N, beakers containing 1 liter of Erlenmeyer solution, and each beaker is
reequilibrated. This volume addition assumes that the density of the titrant is 1000 grams per liter.

6.5.1 Using Volume Options (LOG10, LINEAR, and ASREAD)

FMT provides the user three different methods for specifying the titrant volume. Table 2 shows
each option, a description of each option, and the mathematical method used to calculate the
volumes to be titrated with each of the N Erlenmeyer solutions.

Table 2. Titrate Options

Option | Description Method

LINEAR | add the same constant titrant | AV;=DV(2) x(i-1), i=2,...,Ng, where DV(2) is
volume for each iteration read from the INPUT file
increment

LOGI0 | add titrant volumes that AVi=DV(2) x e0-2)R =2 ... N, with R=

increase exponentially from In(DV(Ny)) - In(DV(2))
the user specified minimum N , where DV(2) and
—

to maximum volumes
DV(Ny) are read from the INPUT file

ASREAD | add user specified titrant AV=DV(i), i=2,... Ng, where DV (i) values are
volumes read from the INPUT file

A problem called “Np_NaCl_BM?” is used to illustrate the input and output files as an example
problem. All three methods are demonstrated below using the same buret and Erlenmeyer
solution compositions and same number of beakers, N, =15. For the example Np_NaCl_BM

problem the initial volumes are

DV(1)

0.0 mL for all three options

DV (2) 0.1 mL for all three options.

The incremental volume is

AV; 0.1x(i-1) mL for ‘LINEAR’

il

AV; = 0.1 xel{i-2)RyithR=(1n(10.0)-1n(0.1))/13.0,

1l

i=2,.., 15 for ‘LOGI10’
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and user-specified increments for ‘ASREAD’.

The final volume 18

1

DV (15) 1.4 mL for ‘LINEAR’ option

10.0 mL for ‘LOG10’ and ‘ASREAD’ options.

1l

V(15)

Figure 5 illustrates the LINEAR option. In the example shown in the figure, 15 different solutions
are considered. The first beaker is a 1-L Erlenmeyer solution with no titrant volume added, the
second is a I-L Erlenmeyer solution with 0.1 mL of titrant added, the third is a 1-L. Erlenmeyer
solution with 0.2 mL of titrant added, and so on up to the last beaker, a 1-L Erlenmeyer solution
with 1.4 mL of titrant added.

DV{1)=0 mL DV(2)=0.1 mL DV(3)=0.2 mL DV{14)=1.3 mL DV(15)=1.4 mL

by !

0 {4 0
] 0 D
1]

V
w0 o o R o O

Beaker 1 Beaker 2 Beaker 3 Beaker 14 Beaker 15

1L
1.0001 L
1.0002 L
=1.0013 L
=1.0014 L

1L +DV(1)
1L+ DV(2)

1L+DV(3)
1L +DV(14)
1L+ DV(14)

Figure 5. Titration problem using LINEAR option.

The user can use the above options in the following order:
1. use the LOG1O0 option to rapidly find the full extent of pH response possible
2. use the LINEAR option to locate regions of slow and rapid pH changes

3. use the ASREAD option to show the minimum number of points of pH changes
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All options use NSPACE, the number of Erlenmeyer solutions. The LINEAR option requires an
initial volume DV(2}. The LOG10 option requires initial and last volumes DV(2) and DVMAX.
The ASREAD option requires DV(i) amounts defined by the user

where 1=2, ..., NSPACE.

The flag for titrating (or “injecting”) solids ‘INJSOLIDS’ is turned on so that FMT will add both
the aqueous phase and solid phase portions of the titrant solution as a slurry mixture.

6.5.2 Screen Display Descriptions

Table 3 explains the lines displayed to the user’s screen while executing FMT fer the titrate
problem. The “Line” column refers to the lines listed in screen displays of the
Np_NaCl_BM_LOG, Np_NaCl_BM_LIN, and Np_NaCl_BM, the LOG10, LINEAR, and
ASREAD runs of the titrate problem, which are described in detail later in this manual. “Variable
Name” column shows FMT’s program variables.

Table 3. Titrate Problem Screen Display Description (See Appendices B, C, and D for sample
screen displays of Np_NaCl_BM_I.OG, Np_NaCl_BM_LIN, and Np_NaCl_BM, respectively.)

Line | Variable Name Description

1-48 repeat of variable names and descriptions in Table 1 for Batch

49 CDUM1,CDUM2 | character strings read from INPUT (Np_NaCl_BM_LOG.IN [Appendix F],
Np_NaCl_BM_LIN.IN {Appendix G], or Np_NaCl_BM.IN [Appendix H]) to set
titrate mode

50 notation that FMT has a TITRATION problem

52 CDUMI1,CDUM?2 | character strings read from INPUT (Appendices F, G, or H) w0 not read species
amounts from INGUESS for the injected or buret solution

53 CDUMI1,CDUM2 | character strings read from INPUT (Appendices F, G, or H) 10 not read species
amounts from INGUESS for the initial or Erlenmeyer solution

54 unused number read from INPUT (Appendices F, G, or H) line 56

56-57 notation; repeated in OUTPUT file for CHEMDAT (Appendix I}

59-64 unused character strings read from INPUT (Appendices F, G, or H) lines 57-
61,65

66-69 repeat of lines 17-20 in QUTPUT file for Titrate (Np_NaCI_BM_LOG.OUT

[Appendix NJ, Np_NaCl_BM_LIN.OUT [Appendix O], or Np_NaCl_BM.OUT
[Appendix P})
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71-72 unused character strings read from INPUT (Appendices F, G, or H) line 68-69

74-75 unused variables read from INPUT (Appendices F, G, or H) line 94-95

77 notation; repeat of line 18 in QOUTPUT file for Titrate (Appendices N, O, or P)

79 unused variables read from INPUT (Appendices F, G, or H) lines 95-96

81 notation; repeat of line 24 in OUTPUT file for Titrate (Appendices N, O, or P}

83-84 unused character string read from INPUT (Appendices F, G, or H) line 97-98

86 notation; repeat of line 27 in OUTPUT file for Titrate (Appendices N, O, or P)

88-89 pmH (negative base 10 logarithm of hydrogen ion molality) and pH (negative

base 10 logarithm of hydrogen ion activity) of the titrant solution

90-91 pmH and pH of the Erlenmeyer solution

93 CDUMI,CDUM2 | character strings read from INPUT (Appendices F, G, or H) to set titrate
method

94-95 | DV(2), initial titrant volume as read from INPUT (Appendices F, G, or H) and final
DV(NSPACE) titrant volume; for example, 0.1 mL and 1.4 mL in Figure 5

97-126 pmH and pH of resulting solutions following titrant additions
DV(i), i=1, ..., Ng to 1 liter of the Erlenmeyer solution, with no additions to
the first beaker; see Figure 5.

127 notation; normal exit from titrate mode
6.5.3 Titrate Sample Problem: Solubility Calculation
***NOTE***

The user shoulﬂ be fa:mhar with the input and output files for the ‘ASREAD’ titration
calculation (see Section 6.5.1) before reading this section.

The following example Np(V)/CO3/NaCl problem illustrates a typical way in which FMT is used.
This calculation is designed to show how the solubility of NaNpOCO3(s) varies as a function of

2- ; o . . .
CO3 concentration in 5.61 molal NaCl media. This is the simulation used to generate Figure 7 of

Novak and Roberts (1995). Because it is not possible to vary the carbonate concentration while
keeping the concentrations of both Na* and CI~ constant, the simulation was designed to keep the
Na* concentration constant.
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Referring to Appendix P, the listing for Np_NaCl_BM.OUT (an output file for the titrate
calculation using the ‘ASREAD’ option), the flash calculation output for the titrant shows 5.61

5
molal sodium on Lines 58 and 102, approximately 2 molal C03 on Line 103, with 1.61 molal

CI~ (Lines 62 and 104) to create a charge-neutral solution. The titrant was designed to have a very
high carbonate concentration. The solution could not have been made much more concentrated in
carbonate because 1t 1s nearly saturated with respect to NayCO3+7H»O(s) as indicated by the

Saturation Index of —0.251 listed in the Descriptor column on Line 114. The flash calculation
output for the Erlenmeyer solution shows 5.61 molal sodium and 5.61 molal chloride (Lines 198
and 197), in equilibrium with a Jarge excess of NaNpOCO3(s) at a relatively high pmH of 5.91

on Line 222. This solution was designed to have a very low carbonate concentration, 3.09x10~5
molal (Line 204). A large excess of NaNpO,CO3(s) was specified because we are investigating

the solubility behavior of this solid as conditions vary, and the large excess allows the amount of
solid to change with changing aqueous conditions while keeping the solid phase present.

Examining the TITRATE file, Appendix T, the listing for Np_NaCl_BM.TITRATE on Lines 26-
41, shows that the Na* concentration remains constant at 5.61 molal, while the C1— concentration

) : 2~ )
changes slightly from 5.61 to 5.51 molal. More importantly, the CO5 concentration varies

widely, from 3.09x10™8 to 4.84x10~2 molal (Lines 43-58), as was intended. The
NaNpO,CO3(s) concentrations confirm that this solid is present across this aqueous composition

range (Lines 79-94), and all other solid phases are absent. The concentrations of the Np(V)
= s W s
species NpOE, NpO20H(aq), NpO3(OH)», NpO2CO4, NpO2(CO3), , and NpOz(CO3)§ ,

given in Lines 62-77 are the desired information from this simulation; these are plotted in Figure 6,
along with the total Np(V) in solution (the sum of the individual species concentrations) and
experimental measurements of this system from Neck et al. (1994).

The data from Neck et al. (1994) plotted in Figure 6 are:

mCO; mNp(V) total mCO; mNp(V) total
9.49F-4 5.13E-6 3.616-3 1.07E-5
3.61E-4 4.17E-6 6.27E-3 2.24E-5
7.20E-5 4 47E-6 1.50E-2 8.51E-5
9.93E-6 1.15E-5 1.98E-2 1.38E4
2.38E-6 3.39E-5 2.74E-2 2.5TE-4
1.25E-6 6.17E-5 1.09E-3 4 47E-6
3.78E-7 2.04E4 3.29E-4 3.55E-6
1.73E-7 437E-4 2.50E-4 3.63E-6
1.57E-7 4 90E4 2.28E-5 6.46E-6
9.06E-6 1.29E-5 6.27E-7 1.41E4
2.74E-5 6.17E-6 5.72E-8 1.10E-3
1.19E-3 4.90E-6

Figure 6 is comparable to Figure 7 from Novak and Roberts (1995), the main difference being the

axis ranges. This figure shows that the hydrolysis species NpO7OH(aq) and NpOg(OH); are

unimportant under these conditions, with concentrations always at least three orders of magnitude
smaller than the total Np(V). This example shows the comparison between model calculations
and experimental data, and also shows that the values calculated with FMT Version 1.0, used in
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Novak and Roberts (1995), agree with values calculated with FMT Version 2.0, used in this user’s
guide. The symbols in the calculated curves serve both to identify the individual curves and show
the positions of the flash calculations used to define the curves. If desired, one could trace these
calcujated species concentrations to values in Appendix T.

Figure 6 also shows how the ‘ASREAD’ option for titration problems lets the user specify exactly

where values for the independent variable, in this case CO§— concentration, will be. The modeling

points were spaced relatively far apart in regions with linear behavior and closer together in regions
of curvature.

B mNptil, Neck et al. (1994) —=— mNp0O2CO3-
b MNpO2+ mNpO2(CO3)2=-
—H_ mNpO20H(aq) ~£— mNpO2(CO3)3==-
—£ . mNpO2(OH)2- e mMNpTTL
2
1x1Q 1
E
1x1073 |
x10 ;——3\ = - =
1x104 B B
F B B
1x105 ® A
5|58 ® % -‘
1x10° x :
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2 o —'H--—A.L it (¥ [AERAERaN| f
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o
Figure 6. Calculated Total Np(V) and Np(V) Concentrations as a function of CO§ concentration

in 5.61 molal (SM) NaCl, and comparison with experimental measurements from Neck et al.
(1994).
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7.0 DESCRIPTION OF INPUT FILES

Of the four input files for FMT (see Figures 1 and 2}, the user provides two files (INPUT and
INGUESS) The other two files (CHEMDAT and RHOMIN) are the input data base files and are
supplied by the code authors. INPUT and INGUESS can be edited by the user using a convenient
text editor.

The input data files are read using standard FORTRAN free-field format read conventions. All
character data must be enclosed in single quotes. Data are separated by either a space or a comma.
Blank lines may be inserted anywhere in the input files to improve readability.

Comments are interspersed throughout the input files. These are not read by FMT and they are
placed at the end of a line. They are used to:

. identify the element or species on a line, or
. document the reference source of data on a line.

FMT uses character strings to set options or flags in the INPUT and CHEMDAT files. The
following options are considered:

. “on” when the character string equals a specific set of upper case letters, such as
‘MOLES’ or ‘BATCH’, or

. “off” when the character string equals any other set of letters.
The code developer of FMT chose to indicate turning “off” options by placing a lower case “n”
before the specific string that turns an option “on,” e.g., ‘tMOLES’ or ‘nBATCH’. This offers
the advantage of keeping the meaningful value of the flag close at hand for easy interpretation of
the individual flags.
Batch problems require the input files INPUT, INGUESS, and CHEMDAT to run, and an

additional file RHOMIN is required for titrate problems. A description of all four input files, for
both Batch and Titrate calculations, follows.

7.1 INPUT

7.1.1 Batch Problem

The batch INPUT (.IN) file is used to specify the molar abundances of the elements for the batch
problem. The bulk of the lines in this file (Figure 7) specifies element abundances. The flags on
Line 6 indicate if the INGUESS file should be read for species abundances. A line-by-line
description of this file is provided below in Table 4, and a sample listing of BATCH_DOC.IN is
provided in Appendix E.
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Lines
1-6

Lines
7-29

Figure 7. Batch INPUT file. j,f""‘ég\

AN

header info and
problem
specification

mole amounts
of elements

Table 4 lists the INPUT file parameters for a batch problem. The “LINE” column refers to the
line numbers listed in the BATCH_DOC.IN file. The “Variable Name” column corresponds to
the FMT program variables. “‘Permissible Value” column is the only set of values permitted for
use with this program. Any other values have unknown consequences.

Table 4. INPUT File Parameters for Batch (See Appendix E for sample listing.)

Line | Variable Permissible Value Description
Name

1 TITLE78 any character string character string that identifies or describes the user's

{maximum 78 characters) | problem
2 DUMMY ‘CHEMFILE’ character string used as a flag for reading the
CHEMDAT file (Appendix I)

4 CDUML, ‘BATCH’ ‘UNUSED’ the first string indicates this is a batch problem with the

ChuM2 second string’s value being irrelevant
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6 DUMMY, 2 character strings used as flags for calculating the
DUMMY equilibrium state using either:
‘MOLES’ ‘EXACT’ species abundances read from INGUESS from which

+ FMT calculates element abundances
or

‘nMOLES" ‘nEXACT’ element abundances from INPUT (doas not read
INGUESS)

7-29 | ABUND (i) | nonnegative real number | mole amount of ith element in the order listed in
CHEMDAT (Appendix 1, lines 8-10), one elemental
amount per line

As shown in BATCH_DOC.IN file on lines 7-29, each amount is followed by an element or a
psuedo element name. The names are not read by FMT and are included for human readability
only.

7.1:2 Titrate Problem

The titrate INPUT (.IN) file, a required input file for running a titrate calculation (Section 6.1), is
used to specify the molar abundances of the elements for both the buret and Erlenmeyer solutions,
along with the number of titrant volumes (“burets™) that are to be added for the titrate problem.
(See Section 6.5 for explanation of titration problem.) The bulk of the lines in this file (Figure 8)
specifies the molar abundances of the elements in the buret and Erlenmeyer (“beaker”) solutions.
Line 6 or Line 31 allows the user to set flags that force a read of the INGUESS f{ile for species
abundances. Line 100 in the file allows the user to specify that the titration method — adding
equal volumes of the titrant successively (LENEAR), adding titrant volumes that increase
exponentially (LOG10), or adding user-specified titrant volumes (ASREAD). A line-by-line
description of this file is provided in Table 5, and sample listings are provided in Appendix F
(LOG10 method), Appendix G (LINEAR method), and Appendix H (ASREAD).
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Lines
6-29

Lines
31-54

header info and Tine 56 no. of beakers
problem
specification

mole amounts
of elements in
buret solution

and input
specifications
Lines
57-98
mole amounts
of elements in
Erlenmeyer
solution and
input
specifications
Line 100 titrate option
_ titrant volumes
Lines for ASREAD
101-114 titrate option

Figure 8. Titrate INPUT file.
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The INPUT file parameters for a titrate problem are shown in Table 5. The “LINE” column in
Table 5 refers to the lines listed in the Np_NaCl_BM_LOG.IN, Np_NaCl_BM_LIN.IN, and
Np_NaCl_BM.IN files.

Table 5. INPUT File Parameters for Titrate (See Appendices F, G, and H for sample listings of
Np_NaCl_BM_LOG.IN, Np_NaCl_BM_LIN.IN, and Np_NaCl_BM.IN, rzspectively.)

Line | Variable Names | Permissible Values Description

1 ITTLE78 any character string character string that identifies or describes the
(maximum 78 characters) | user’s problem

2 DUMMY ‘CHEMFILE’ character string used as a flag for reading the
CHEMDAT file (Appendix I)

4 CDUMI1,CDUM2 | ‘TITRATE' ‘EXPLICIT’ the first and second strings are required to indicate
that this is a titrate problem

6 CDUMI1,CDUM2 2 character strings used as flags for the titrant or
buret solution for calculating the equilibrium state
using either:

‘MOLES’ ‘EXACT species abundances read from INGUESS from which
FMT calculates element abundances

‘nMOLES’ ‘nEXACT’ element abundances from INPUT (does not read
INGUESS)

7-29 | ELTOTAL (i.1) nonnegative real number” | mole amount of ith element in buret solution, one
elemental amount per line

31 CDUMI1,CDUM2 2 character strings used as flags for the solution to
be titrated or Erlenmeyer solution for calculating the
equilibrium state using either:

‘MOLES’ ‘EXACT’ species abundances read from INGUESS from which
FMT calculates element abundances

or

‘aMOLES’ ‘nEXACT’ element abundances from INPUT (does not read
INGUESS)

" The value on line 29, though negative, is essentially zero since it is so small (order of magnitude: 10-19)
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32-54 | ELTOTAL (i.2)

- * ok
nonnegative real number

mole amount of ith element in Erienmeyer solution,
one elemental amount per line

56 NSPACE,
TEMP, TEMP,
TEMP,
CDUMI1

2 < integer number < 66
2.25d3  0.0025d0
1.800001d35
‘nDXVARIABLE’

the first number in this line specifies the total
number of beakers, Ng. Recall that the first beaker
gets zero addition of titrant solution, so Ng~1
volumes are added. The three remaining numbers
and character string should be specified as
indicated, but these values are not used for titration
problems.

5798

exactly as specified in the
INPUT (.IN) file

none of these values are used for titrate problems,
but must be included

100

ChuMl

The following five values on this line set one of the
titrate options:

‘TITRATE' must atways read “TITRATE’

CDUM2

‘LINEAR" or

Specifies the method of adding volume amounts to
each beaker:

add equal sequential volumes

‘LOG10" or

add exponentially increasing volumes

‘ASREALY

read volume amounts from the INPUT file

DV(2)

initial volume, in mL, to add to the second beaker,
valid for LINEAR or 1.OG10 options.

A value must exist but not used for ASREAD option.

DVMAX

volume added to the last beaker, valid only for
LOG10 option.

A value must exist but not used for ASREAD or
LINEAR options.

* The value on line 54, though negative, is essentially zero since it is so small (order of magnitude: 10°15)
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CDUM3 ‘nINJSOLIDS” or

‘INJSOLIDS'

By default, FMT will add only the aqueous phase
part of the titrant to the Erlenmeyer solution.
However, if the user wishes to add both the agueous
phase and solid phase portions of the titrant
solution, which can be conceptualized as a slurry,
this option for titrating (or “injecting”™) solids is
turned on with the flag ‘INJSOLIDS’

101-
14

DV (i) nonnegative reai number

read titrant volumes, in mL, to be added for each of
the Ng-1 additions where Ng value is set on line
36. For the ASREAD option; see Appendix H for

illustration. For the LINEAR and 1.OG10 options,
the INPUT file is not read after line 100,

In the input files referenced in the above table, lines 6-29 state the composition of the titrant or
buret solution. Lines 31-54 define the composition of the titrated or Erlenmeyer solution. Line 56
states the number of beakers, Ng, for titration. Lines 57 through 98 are read but not used.

The INPUT file structure accommodates the three titration methods:

. Line 100 in the file Np_NaCl_BM_LOG.IN demonstrates using the ‘LOG10’ option
with the initial and final volumes. FMT disregards any lines following line 100.

. Line 100 in the file Np_NaCl_BM_LIN.IN sets the ‘LINEAR’ option and the initial
volume, and FMT disregards the final volume number. FMT stops reading the file and

disregards any further lines.

. Line 100 in the file Np_NaCl_BM.IN sets the ‘ASREAD’ option, and FMT disregards
the initial and final volume numbers. In lines 100-114 of the Np_NaCl_BM.IN file,
FMT reads the 14 user-specified volumes for the ‘ASREAD’ option.

7.2 INGUESS

The INGUESS file is an input file for both the batch and titrate options that allows the user to
specify the species abundances, from which FMT calculates the element abundances. The user
must set the appropriate flags ‘"MOLES’ and ‘EXACT’ in the INPUT file (Section 7.1). (If the
INGUESS file is not used, the element abundances provided in the INPUT file are used.)

7.21 Batch Problem

The user can rename the FORO088 output file from a batch calculation and modify the species
amounts as desired to build a solution composition for the INGUESS file (see Section 6.4.2). A
line-by-line description of the INGUESS file, whose structure is identical to that of the FOR088

file (Appendix Q), is provided below in Table 6.
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Table 6. INGUESS File Parameters for Batch Problem

Line | Variable Name | Permissible Value Description

1-115 | NMOLES (i) nonnegative real number | mole amount of i*h species in the order
listed in CHEMDAT (Appendix I, lines
14-140), one species amount per line

On each line of an INGUESS (or FOR088) file, the total moles is followed by a species name and
molality value. The order of the species listed follows that of the CHEMDAT file (Appendix I,
Lines 14-140). HMW_NP_AM.CHEMDAT file has 115 species. FMT does not read the names
or molality values from an INGUESS file, which were derived from a renamed FORO08S file.

7.2:2 Titrate Problem

When rinning a titrate problem, a user could direct FMT to compute the total element abundances
for either the buret or Erlenmeyer solution by setting one set of species abundances in the
INGUESS file and ‘MOLES’ ‘EXACT’ in either line 6 or 31 in the INPUT file as listed in Table
5. ‘MOLES’ and ‘EXACT’ set on line 6 would use INGUESS for buret solution; MOLES’® and
‘EXACT” set on line 31 would use INGUESS for the Erlenmeyer solution.

Table 7. INGUESS File Parameters for Titrate Problem

Line | Variable Name | Permissible Value Description

1-115 | NMOLES (i) nonnegative real number | mole amount of ith species listed in
CHEMDAT (Appendix I, lines 14-140),
one species amount per line, for buret or
Erlenmeyer solution

7.3 Standard CHEMDAT Input File

FMT is capable of evaluating the HMW model as defined in the CHEMDAT file, which contains
the thermodynamic parameters necessary to model the chemical behavior of actinide elements in
brines. HMW stands for Harvie-Mgller-Weare/Felmy-Weare (Harvie et al., 1984; Felmy and
Weare, 1986); it represents a thermodynamic model for evaporite systems using the Pitzer activity
coefficient formalism (Section 4.2).

The term HMW_NP_AM.CHEMDAT as used throughout this document refers to version
95.01.31 of the file (a copy and output list of which are provided in Appendices ] and I,
respectively) where:

. HMW stands for Harvie-Mgller-Weare/Felmy-Weare
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. NP stands for neptunium(V)
. AM stands for americium(TII).

The elemental list in the CHEMDAT file contains the physical elements as found on the periodic
table and “psuedo elements” as required for solving chemical equilibrium problems. The psuedo
elements in the HMW_NP_AM.CHEMDAT file are PosIon, Neglon, Air, Boron, Bromine,
TracerEl, CIO4-(EL), Electron and Charge. These psuedo elements are treated exactly like the
physical elements in the mathematical sense, regardless of their identity. See Section 4.5.

The CHEMDAT file illustrated throughout this document is HMW_NP_AM.CHEMDAT,
version date 95.01.31.

***NOTE***

I-IMW NP_AM. CHEMDAT is not necessarily - ‘the CHEMDAT file that will be used to
support the WIPP 1996 PA calculations. Additional spécies and elements will be added to
the HMW_NP_AM. CHEMDAT that wﬂl be used to support the 1996 ‘WIPP PA
calculations.

This data base contains the thermodynamic parameters necessary to model the chemical behavior
of Np(V) and Am(IH) in brines. Note that the extension of the Pitzer model to higher electrolyte
types than in Harvie et al. (1984) and Felmy and Weare (1986) is necessary for Am(III}; this is
discussed in Pitzer and Sitvester (1978).

FEWARNING**

The user should not and is not expected to changeihe ‘CHEM])AT ﬁle. To do so
invalidates the QA performed on this data base.™ A _

7.3.1 CHEMDAT Data Flow

Both the FMT subroutines READDAT and RDPITZR read from the CHEMDAT file.
Parameters read from CHEMDAT are echoed or printed to the OUTPUT file. Some parameters
are also displayed on the user’s screen.

The FMT control flow is illustrated with a Nassi-Schneiderman (N-S) chart (Figure 9). This
shows the data flow of the CHEMDAT file in the READDAT subroutine. FMT program
variables, TTLELEM and TTLSPEC in the diagram are the total number of elements and the total
number of species respectively.
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Read unique chemdat ID

Read TTLELEM, TTLSPEC and string flags

Read convergence and limits criteria

Read element names and molecutar weights

Do 1, TTLSPEC

Read species name,
stoichiometric formula (for 1 to
TTLELEM), PHASE, MUOFORM

Agqueous phase?

F T

Add 1 to count of
agueous species

Display and print problem description and chemdat ID

Display and print convergence criteria

I rdpitzr l

Read and print PITZER model for cation,
anion, and neutral species and their binary
and temary interaction parameters

Read element substituting for charge balance
\ Valid element to substitute for
charge batance?
F \

Print fatal error Print substituted
message element name

Calculate molecular
weight of all species

Find species H+ and
OH- in names array

5TOP Found location of
E + species? T

Display Pay
and print
waming

message

Figure 9. Nassi-Schneiderman (N-S) chart showing FMT control flow.
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7.3.2 CHEMDAT Data Sources

The temperature range of the thermodynamic data is specified at 25 ° C with a few species at 20°C
and 30°C.

The data for HMW_NP_AM.CHEMDAT can be grouped into three types: parameters for the
brine (evaporite) electrolytes, parameters for Np(V) interactions with evaporite electrolytes, and
parameters for Am(III) interactions with evaporite electrolytes. There is some overlap among
these groups, but this categorization scheme will be used.

2321 Brine Model

Parameters for brine electrolytes come primarily from Harvie et al. (1984) and Felmy and Weare
(1986), called Harvie-Mgller-Weare/Felmy-Weare, or HMW/FW or simply HMW for short.
Harvie et al. (1984) presents a model for the Na-K-Mg-Ca-H-Cl-SO4-OH-HCO3-C0O3-CO»-

H20 system, and Felmy and Weare (1986) extends this model to include boron species. Also

inciuded in this category are data from Pitzer (1991) for ion interactions with perchlorate, ClO;.

Perchlorate data are included in HMW_NP_AM.CHEMDAT not because perchlorate is important
for the WIPP, but because much actinide chemistry was measured in the presence of perchiorate,
and therefore parameters are needed to interpret these data. Parameters from Harvie et al. (1984)
and Felmy and Weare (1986) were taken directly with no modification, and are not reproduced
here. Parameters from Pitzer (1991) were scaled as necessary from the forms in which they were
reported to the forms needed for use by FMT. These parameters are documented in Table 8.

7322 Np(V) Model

Parameters for Np(V) interactions in NaCl, NaClO4, and Na2CO3 media are taken from Novak

and Roberts (1995). This model for Np(V) chemistry in brines is limited to predominantly NaCl,
NaClO4, or NapCO3 media, and has not been shown to apply to other media. However, it can

provide a first estimate of the solubility behavior of neptunium(V) in predominantly sodium

chioride groundwaters containing carbonate, such as brines from the Castile and Rustler

Formations in the vicinity of the WIPP Site. Parameters for Np(V) were taken directly from

Novak and Roberts (1995) with no modification, as given in Tables 9 and 10. Since the

publication of Novak and Roberts (1995), several alternative sets of parameters for Np(V) in

concentrated electrolytes have been released in draft form. These will be included in future releases

of the CHEMDAT data base for the purpose of WIPP PA calculations. e

P Y
.‘ el

7.3.23 Am(TIT) Model [ ™ )

Parameters for Am(IIl) interactions with chloride, sulfate, phosphate, and carbonate anions,
including interactions with several groundwater cations, are taken from Felmy et al. (1990), Felmy
et al. (1989), Rai et al. (1992a, 1992b, 1994), and Rao et al. (1994). Although these parameters
were developed for Am(ITI), Pu(III), or Nd(III), we have used the oxidation state analogy for f-
elements (Novak and Dhooge, 1995) to apply these parameters to Am(III) as shown here.
Although we call it the Am(IIT) model, this model should apply equally well to Pu(III) and
Nd(III).
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Felmy et al. (1990) provide the values of standard chemical potential for the americium species
shown in Table 11, and the ion interaction parameters shown in Table 12. These parameters were
developed from relatively dilute, i.e., less than 0.1 molal, solutions, so they do nct necessarily
apply to more concentrated solutions, as this discussion of Rao et al. (1994) below shows,

Rai et al. (1992b) use Nd(III) and Am(IlI) data from Felmy et al. (1990) and Rai et al. (1983) to
develop the Nd(III) standard chemical potentials shown in Table 13. These values were converted
to standard chemical potentials for the analogous Am(III) species for use within

HMW_NP_AM.CHEMDAT as follows. One can write a general chemical reaction Nd3+ with a
ligand YD, where n can be positive or negative, and the analogous reaction for Am3+:

3+yn o 3 o o}
Nd3* + yYD s Nde Hoynl = I'!NdY;'j-'-yn — g3+~ Y Hyn (13)
Am3* +yYN & Ang’-"yn uo = po 3+yn — po - u,.o,n (16)
Y y rxn2 Ame W= Ham3+ Y

Because we are assuming identical chemical behavior for Am(III) and Nd(III}, we must have

Biseay = “3}:1'12' Therefore, the standard chemical potential for the complex americium species

is given by

(o] [¢] o o
=t + [ pe]

Analogous expressions hold for Pu(Ill). The dimensionless standard chemical potentials for the
second and third americium hydrolysis species, calculated using the above equation, are given in
Tabie 13.

Felmy et al. (1989) gives ion interaction parameters between Pu(III) and Cl—, as well as the
standard chemical potential for Pu(OH)3(s). The ion interaction parameters are given in Table 14;
these are assumed to apply equally well to Am(III) by analogy. The standard chemical potential -
for Pu(OH)3(s) is converted to that for Am(OH)3(s) in Table 15. f ik

i ‘,1 ;
Rao et al. (1994) parameterized ion interactions for Nd(IlI) in concentrated NaHCO3 and NazCO‘}\ §
media, extending the work for Felmy et al. (1990) to the large carbonate concentrations that could
occur in WIPP under disposal scenarios with large CO2(g) pressures. They identified an
additional Nd(IIT) solid phase that forms under concentrated conditions, and had to modify one of
the ion interaction parameters determined in Felmy et al. (1990). The parameters from Racetal.
(1994), converted to apply to Am(III) species, are given in Tables 16 and 17.

Interactions for Nd(III) or Am(III) with phosphate species are discussed in Rai et al. (1992a,
1992b) and Rai et al. (1994). These papers present the standard chemical potentiais for H3PO4,

— S 4
H>oPO s HPO "E and PO4 , as shown in Table 18. The reported standard chemical potentials for —_
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H3PO4 and HzPOZ, taken from Pitzer and Silvester (1976) as the original source. are the same.
; : . : ; 2-
However, there are slight differences in the standard chemical potentials given for HPO 4 »and

POi-, even though these are all reported as having been taken from Wagman et al. (1982). The

differences in these reported values are slight and will have no significant impact on calculations
using these numbers. We have gone back to the original Wagman et al. (1982) reference to arrive
at the selected values indicated in Table 18. Ion interaction parameters for phosphoric acid, taken
from Pitzer and Silvester (1976), are given in Table 19.

The standard chemical potentials for three different Am(IIT)-phosphate or analogous Nd(IT)-
phosphate phases are reported in Rai et al. (1992a, 1992b) and Rai et al. (1994). These values,
along with conversion from Nd(IIT) to Am(III) where necessary, are given in Table 20. The
difference among the calculated values for the standard chemical potentials for the americium
phosphate solid phase is less than 0.9 units; all values are effectively the same. However, because
the value from Rai et al. {1992a) was determined for Am directly, not for Nd, this value was
selected for use in HMW_NP_AM.CHEMDAT.

Table 21 contains the ion interaction parameters developed for Nd(II) or Am(II) in Rai et al.
(1994). The publication of Novak et al. (1995) provides a comprehensive description of the
sources for and the rationale for selection of the Am(III) thermodynamic parameters that will be
incorporated into future versions of the CHEMDAT file.

Table 8. Ion interaction parameters from Pitzer (1991), converted to values needed for FMT.

1-1 electrolytes (0) p(h ct

Na*-Cl 0; 0.0554 0.2755 -0.00118

—— 00533 | 0039 [ 000795

K*H2P0, 00678 | 01082 |0 P—
H+-C|0; 0.1747 0.2931 0.00819 { aiee ; ;
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2-1 electrolytes 400 4.(1) 2512 B(0) p(1) co
- Oi_ —0.0777 1.934 0.0554 —0.0583 1.466 0.0294
K*’-HPOi_ 0.0330 1.699 0.0309 0.0248 1.274 0.0164
T o; 0.6015 2.342 —0.00943 [ 04511 1.756 —0.00500
Mg2+-CI0] 0.6615 2.678 0.01806 | 0.4961 2.008 0.009578
Do e 0.5698 2.192 -0.06951 [0.4274 1.644 -0.03686
UO2 -C1
UO§+_C]o; 0.8151 2.859 0.04089 [ 0.6113 2.144 0.02168
3-1 electrolytes 3 3 372 (0) (1) co
Y EB(O) 55(1) _3_5__ oo B B

Na"‘—POi_ 0.2672 57771 -0.1339  [0.1781 3.851 —0.05154

+ 5 0.5594 5.958 02255 [0.3729 3.972 -0.08680
K*-PO;
2-2 electrolytes B(O) p(1) co

o= 0.322 1.827 -0.0176

2+
UO2 -SO 4
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Table 9. Standard chemical potentials for neptunyl(V) species, from Novak and Roberts (1995).

Species }.l?/RT Species LL?/'RT

Np 03- -369.127 NaNpO»CO3(s) ~713.707
NpO,OH(am) -452.642 NpO, CO; -594.492
NpO,OH(aged) —454.010 NpO»(CO3 )g— —808.402
NpO,OH(aq) ~438.518 Npoz(co3)§— -1019.918
NpOs( OH); —505.829

Table 10. Ion interaction parameters for neptunyl(V) species, from Novak and Roberts (1995).

(0) 0.312 (0) 0.161 B\s((0),Na*- 1.97
13rxrpo'z*-czo; BI\?et”’-r‘?pOzCO; Np02(<303)§_)
i3(0) 0.169 | Brs((0),Nat- 0407 | Bys((1),Na*- 16
+ - 5-
NpO,CI NpO2(C03)37) Np02(CO3)3")

Table 11. Dimensionless standard chemical potentials for Am(III) species from Felmy et al.

(1990)
Species °/RT

H
Am3+ —241.694

T

AmCO; S LT
Am(COg)g -695.88
- C03)§— -915.46
AmOHCO3(c) ~569.98
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Table 12. Specific ion interaction parameters for Am(III) species from Felmy et al. (1990).

B0 (1) B(2) co
Nat - Clo—; 0.80 535 0 ~0.0048
- *
i Am(C03)g 0.24 8.1 0 0

* this value is modified in Table 17

Table 13. Dimensionless standard chemical potentials for Nd(III) species from Rai et al. (1992b),
with calculated values for analogous Am(IH) species.

Nd Species IJio /RT Am Species uio / RT
Nd3+ -270.926 Am3+ -241.694
Nd( OH); —422.879 Am( OH); -393.647*
Nd( OH)g -492,182 K OH)g —462.950*
Nd(OH)s(gl) -~527.259 Am{OH)3(gl) ~498.027*

*calculated by equation 17

Table 14. Specific ion interaction parameters for Am(III) species from Felmy et al. (1989), and,
by analogy, for Am(III).

B0 B(D B )
Putt+ . CI- 0.6117 5.403 0 -0.0284
Am+++ . CI- 0.6117 5.403 0 -0.0284
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Table 15. Dimensionless standard chemical potentials for Pu(III) species from Felmy et al.
(1989), with calculated values for analogous Am(III) species.

Pu Species ”io /RT Am Species ”io / RT
Pad+ —233.4 Am3+ —241.694
Pu{OH)3(s) —484.0 Am(OH)3(s) —492 294

*calculated by equation 17

Table 16. Dimensionless standard chemical potentials for Nd(III) species from Rao et al. (1994),
with calculated values for analogous Am(III) species.

Nd Species “io /RT Am Species 1-130 /RT
Nd3+ -270.926 Am3t -241.694
NaNd(CO3)7+6H20(c) ~1425.726 NaAm(CO3)2+6H20(c) -1396.494*

*calculated by equation 17

Table 17. Specific ion interaction parameters for Nd(IIT) species from Rao et al. (1994), and, by

analogy, for Am(III).
) (1) 32 co
Na* - Nd(CO3), g -8.37 0 0
Na* - Nd(c03)§‘ -0.94* 8.1 0 0418
Nat - Am(CO3); 0 e . f
Na* - Am(C03)3” 094 81 0 0418

*this value was changed from that given in Felmy et al. (1990)
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Table 18. Standard chemical potentials for phosphate species, with selected values for
HMW_NP_AM.CHEMDAT data base.

name Rai et al. (1992a) Rai et al. (1992b) Rai et al. (1994) selected value
H3POu4(aq) —460.90 —460.90 —460.90 —460.90

o 7 ] -455.
HoP 04 —455.96 —455.960 55.960 -455.960

= . : -439.354

HP Oi —439.404 —439.254 39.35 ~439.367

3~ -410.98 -410.947 —410.947 -410.947
PO 4

Table 19. Specific ion interaction parameters for H3PO4(aq) from Pitzer and Silvester (1976).

A
H* - H3PO4(aq) 0.290
K* - H3POy(aq) ~RHI0
HPOi_ - H3PO4(aq) <A

Table 20. Standard chemical potentials for Am(III)- or Nd(IlI)-phosphate solid phases.

Nd Solid Phase WO/ RT 15 S BheE u’ I RT

N3+ | -270.926 Am3+ [ 241694
AmPO4=xH20{am), Rai et al. =708.75
(1992a)

NdPO4(c), Rai et al. (1992b) —738.166 AmPO4(c) -708.934*

NdPO4{(c), Rai et al. (1994) —738.63 AmPO4(c) -709.398«

*calculated by equation 17
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Table 21. Specific ion interaction parameters for Nd(III) species from Rai et al. (1994), and, by
analogy, for Am(III).

p(0) gl R(2) co
Nd>+ - soi‘ 3.0398 0 ~2500 0
Nd** - H2PO, 0 0 929 0
Amst - sof;‘ 3.0398 0 ~2500 0
Am3+ - H2PO, 0 0 929 0
7.3.3 Description of HMW_NP_AM.CHEMDAT

The standard chemical potentials for most species are values obtained from a reference source, as
explained in Section 7.3.2. At the end of a line shown in the listing of HMW_NP_AM.CHEMDAT
in Appendix I, the character strings FRSR89, FRF90, PS76, P91, RFF92, RFFR92, RFF94,
RRFF94, NR94, HMW84, and FW86 indicate the source of the data. The key to citations is listed at
the end of the file in Appendix I. These indicators are not read by FMT, but serve merely to help with
human interpretation of the file.

Some of the standard chemical potentials for species, i.e., lines 39-49 and 70-72 in Appendix I, are
described as “arbitrary.” The Table 22 lists the value, the lines where instances occurred, and the
definition of the value.

Table 22. Arbitrary values used for standard chemical potentials

Arbitrary | Example in Definition
Values Lines
-999.99 39,40, 70, | physical species but represent the only occurrence for that element
12 that have no chemical reactions in solution
0 45, 46, 49 nonphysical species that are included to facilitate the running of
certain types of problems
500. 42, 43,44, | species included for adjusting the hydrogen ion concentration
47, 48 when setting up an input file and are designed to completely
dissociate within an equilibrium problem
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999.99

A

species that may be added in future, but which are not allowed to
form in a solution (the character string DISABLED is appended to
their name)

The nonphysical species are included for convenience only. They facilitate, e.g., addition of
HCl(aq) to adjust the pH, insuring complete dissociation. To make sure these species are never
calculated as being present, they were arbitrarily assigned the large positive value 500 for
dimensionless standard chemical potential.

In Table 23 the “Variable Name” column is for the FMT program variables. Input parameters that
are described as unused are not supported in this version of FMT.

Table 23. CHEMDAT input parameters (Listing of HMW_NP_AM.CHEMDAT provided in

Appendix L)
Line Variable Name Description
1-2 DBASE1, DBASE2 | unique identification of the data base
4 TTLELEM, number of elements (positive integer); number of species (positive
TTLSPEC, DUMMY, | integer); unused flag; unused flag; extra echo printing flag- (if user
DUMMY2, specifies ‘ECHO,’ then extra information will be printed); unused flag;
DUMMY1,
DUMMY 3
5 MAXIT, ACCURCY, | maximum number of iterations for each equilibrium calculation (positive
MINABU integer); convergence tolerance on equilibrium problem (positive, real);
minimum element abundance, abundances below which-elements are
considered not to be there (positive, real)
6 DUMMY, character flag indicating the units for standard chemical potentiais
TEMPERA, P(1}, {‘NONE’ means dimensionless); temperature in degrees Kelvin (real,
P(2) positive); unused pressure in atmospheres, unused pressure in atmospheres.
Note: TEMPERA is always set to 298.15 by FMT.
8-10 ELNAMES(i) name of ith element
11-12 MWELEM(i) molecular weight of ith element
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14-140 NAMES(), name of j! chemical species; stoichiometric number of each element in

FORMULAC(I)), the species and charge of species (Jast number); phase of the species

PHASE(), (1=agueous, 2=solid, 3=gas, but gasses are unsupported); standard

MUOQFORM(j) chemical potential of the species (in the units indicated by the flag in line
6). Entries in the formula vector usually are, but need not be, integers,
and can be positive or negative. HO must always be the first species
declared. All agqueous species must be declared before any solid species
is declared.

142 DUMMY?2, ITEMP character flag that, when set to ‘DG_BYPASS’ allows alternate values for
the standard chemical potentials to be read from file “bypass™ for the first
ITEMP species.

143 DUMMY?2 character flag that enables the use of the Pitzer activity coefficient model
when equal to ‘PITZACT’. Any other character string will disable the
Pitzer activity coefficient model.

144 NCATION number of cations for which Pitzer activity coefficient model is used
{(positive integer) See note below Line 853 for a discussion of the order of
cations, anions, and neutral species.

i45 NANION number of anions for which Pitzer activity coefficient model is used
(positive integer)

146 NNEUTRL number of neuotral species for which Pitzer activity coefficient model is
used (positive integer)

148419 | SE(1,},1) array of single electrolyte parameters
The notation for charges on each cation-anion interaction is

1 when either cation or anion has a charge of 1 e
2 when both cation and anion have a charge of 2 2% g
3 for all other cases. \\"{ o
; »w '
M

SE(i.j.2) B(O) parameter for each cation-anion interaction

SE(i,j.3) B(1) parameter for each cation-anion interaction

SE(i.j.4) B(2) parameter for each cation-anion interaction

SE(i.},5) ct parameter, but this is later converted to C\M X (see equation A.4b,

Harvie et al. {1984] or equation 2b, Felmy and Weare [1986], which is
reproduced in Section 4.3).
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Note on cation-anion interactions: the parameters for SE are read in order -
the first cation for all anions, then the second cation for all anions. etc.
The character strings at the end of the numbers indicate the cation-anion
pair specified on each line, for ease of human interpretation only.

422-433 | ME(1,],1) for i>j, i and j are cation indices, cation-cation ternary interactions, 8; j

436-454 ME(i,j,1) for i<j, 1 and j are anion indices, anion-anion ternary interactions, Bij

456-544 | PSI1{1,j.k) for i>], i and j are cation indices, k is the anion index, cation-cation-anion
ternary interactions, Wijk

546-753 | PSI(,}.k) for i<j, i and j are anion indices, k is the cation index, anion-anion-cation
ternary interactions, szk

755-760 | NEUCAT(:}) neutral-cation binary ion interaction parameters, i=neutral species index,
j=cation index, Ajj

762-767 | NEUANI(L,}) neutral-anion binary ion interaction parameters i=neutral species index,
j=anion index, Aj;

769-851 | PTZTSI(1,j.k) neutral-cation-anion ternary ion interaction parameters, i=neutral species
index, j=cation index, k=anion index, Czjk

853 ELMAP(1,i) maps the location in the species list to the order the Pitzer parameters
were entered:
cation map

854 ELMAP(2,1) anion map

855 ELMAP(3.1) neutral species map
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Note on species order: cationic, anionic, and neutral species are
referenced by the order given in ELMAP(,). This is detertnined as follows:
the cations are the second, third, fourth, fifth, sixth, seventh, twenty-
second, etc., species entered in the species list, i.e., Na+, K+, Ca+, Mg+,

MgOH+, H+, MgB(OH)Z. etc. Similar patterns are used for anions and

cations. This allows additional flexibility in reorganizing and rearranging
the data input files without having to reenter all of the ion interaction
parameters. Although the order is arbitrary, it is very important that a
consistent order is maintained throughout the CHEMDAT file. Because all
parameters are clearly labeled, the echo printing of the ion interaction
parameters makes is easy to determine whether errors were made when
changing the CHEMDAT file.

***CAUTION***
THE USER SHOULD NOT ALTER THE CHEMDAT FILE.

857

DUMMY, NEQACT

character flag that, when equal to ‘EQUALACT’, indicates that NEQACT
(positive integer) activity coefficients of “nonPitzer” species will be set
equal to activity coefficients of Pitzer species. For example, one could
run calculations using both 22Na and 23Na (which would have to be
declared as separate elements in the element list), but instead of repeating
all the 23Na parameters for 22Na, use the '‘EQUALACT’ flag. When
DUMMY="EQUALACT" this line would be followed by NEQACT pairs of
positive integers, one pair per line, corresponding to species position in the
species list. The activity coefficient of the first species in the pair will be
set equal to the activity coefficient of the second species of the pair.

859

RPLWCHG

positive integer indicating the element to RePLace With CHarGe. Used
to implement the ¢onstraint of solution charge neutrality. The 2nd element
corresponds to oxygen.

360

DUMMY, NEHRXN

character flag indicating whether redox reactions are specified (they are
when the flag is ‘REDOX’). When this flag is used, it will be followed by
specifications of NEHRXN (positive integer) redox reactions. This feature
is unsupported in FMT V2.0.

861

DUMMY,
NSBSTPM,
NSBSTRX,
DUMMY'!

flags and parameters for specifying ion exchange reactions. The value
‘IONEX’ means that ion exchange reactions are specified on NSBSTPM
permanent substrates and NSBSTRX reactive (soluble) substrates. The
value for DUMMY 1 indicates what type of mass-action model to use for
ion exchange calculations. This feature is unsupported in FMT V2.0.
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7.3.4 Description of QUTPUT File “BATCH.DOC” for
HMW_NP_AM.CHEMDAT

The output file “BATCH_DOC.OUT,” provided in Appendix J, is used to illustrate the lines
echoing the CHEMDAT file. Table 24 explains this file. The OUTPUT file for a titrate problem
will have an extra 5 lines after line 1277. The additional lines are described on line 1277 of Table
24. Line 1280 for the batch problem would be line 1285 for a titrate problem.

Table 24. OUTPUT file description of CHEMDAT input parameters (See listing provided in

Appendix J.)

Line Variable Name Description

1 notation; FMT sets temperature to 298.15 Kelvin

2 TITLESS problem title specified on line 1 of INPUT file with ‘FMT’ and version
number appended

34 DBASE], DBASE2 unique identification specified on lines 1 and 2 of CHEMDAT file

6 ACCURCY convergence tolerance for equilibrium calculations, specified on line 5 of
CHEMDAT file

7 MINABU minimum elemental abundances for equilibrium calculations, specified on

line 5 of CHEMDAT file. If the total number of moles of an element falls
below this value, the element is considered to be absent (see N0vak,

1995a).
8 NAQ number of aqueous species in CHEMDAT
11 notation; species listed in order for Pitzer parameters
13-18 NAMES ordered list of cation species /-=’" @f“
(ELMAP(1 1)) / %
AR 5
20-26 NAMES ordered list of anion species
(ELMAP(2,i)) \ 7
29-32 NAMES ordered list of neutral species
(ELMAP(3.1))
34-296 table of cation-anion binary interactions and parameters
NAMES “Cation” species column
(ELMAP(1.1))
NAMES “Anion” species column

(ELMAP(2,j))
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SE(i,j,2) “Beta(0)” column, B(O) parameter for ith cation, it anion interaction
SE(i,j,3) “Beta(1)” column, B(}) parameter for it cation, jt anion interaction
SE(.j.4) “Beta(2)” column, B(?) parameter for it cation, jt anion interaction
SE(i.j.5) “Cphi” column, C® parameter for it cation, jt anion interaction
ALPHACH “Alpha-Values™ column (04, O,) string that states electrical charges on
SE(i),! ; o G L . .
(SE(1).1)) the ith cation, _][h anion interaction (see Table 23, lines 148-419)
268-338 table of cation-cation ternary interactions and parameters
NAMES up to 10 columns of cation names on a line after leading cation
(ELMAP(1.)))
NAMES name of leading it cation in the order listed on lines 15-18
(ELMAP(1.,3))
ME(,],1) cation-cation temary interaction parameter, 8jj
341416 table of anion-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line after leading anion
(ELMAP(2,j))
NAMES name of leading ith anion on ordered list
(ELMAP(2,i))
ME(i.j, 1) anion-anion ternary interaction parameters, 8
419-579 table of cation-cation-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line
(ELMAP(2,k))
NAMES two cation names
(ELMAP(1,i}),
NAMES
(ELMAP(1 1)
PSI(.ik) cation-cation-anion ternary interaction parameter, Yk o
581-965 table of anion-anion-cation ternary interaction and parameters
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NAMES up to 10 columns of cation names on a line
(ELMAP(1.k))
NAMES two anion names
(ELMAP(2.1)),
NAMES
(ELMAP(2.j))
PSI1(.i.k) anion-anion-cation temary interaction parameter,

967-982 table of neutral-cation binary interaction and parameters
NAMES up to 10 columns of neutral species names on a line
(ELMAP(3.1))

NAMES jth cation name and up to 10 binary interaction values. Aij
(ELMAPQ 3,
NEUCAT(i.j)

985-1007 table of neutral-anion binary interaction and parameters
NAMES up to 10 columns of neutral species names on a line
(ELMAP(3.1))

NAMES jtP anion name and up to 10 binary interaction values, Aij

(ELMAP(2,j)).

NEUANI(i,j)

table of neutral-cation-anion ternary interaction and parameters

1009- NAMES up to 10 neutral species names in columns on a line
1272 (ELMAP(3.i))

NAMES jth cation and k™! anion names

(ELMAP(1.)),

NAMES

(ELMAP(2,k))

PTZTSI(,j.k) up to 10 ternary interaction values, ;ijk

1273 notation that Pitzer activity coefficient model is used

1274 ELNAME states name of element replaced by charge balance (see Table 23, line
(RPLWCHG) 859)

1277 notation that the problem is BATCH (If this were a titration problem,

notation would be that the problem is TITRATION.)
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CDUMI1,CDUM?2

5 extra lines for a TITRATION problem:
notation defining delta(x)

echoing character flags set by INPUT file in line 64

Note: Line count will be off by +5 for titrate problems

1280 notation that FMT uses dimensionless gas constant
1281 TKELVIN temperature in degrees Kelvin, same as TEMPERA
1284 ALLSPEC, number of species, number of elements

TTLELEM

1286- ELNAMES(), name and molecular weight of ith element
1309 MWELEM(i)

1312- listing of each species’ chemical properties
1427

i, NAMES(1) number and name of it chemical species

PSNAME string notation for the phase of the ith species

(PHASE(i))

MWSPEC(i) molecular weight of ith species; computed as:
2FORMULA(,i)*MWELEM(j), where FORMULA(.i) is the
stoichiometric number of jth element in the ith species, MWELEM(j) is
the molecular weight of the jth element, index j runs through all elements,
and index i runs through all species

MUOFORM(i) standard chemical potential of the it species

1430- table showing relationship of species to elements ' -
1545 &
i,NAMES(i) number and name of ith chemical species 3 t+
% 5
- _’,.Jrj
FORMULA(.i), stoichiometric number of each element in the ith species e

j=1,ttlelem
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7.4 Standard RHOMIN Input File

The input file RHOMIN, another data base, contains mineral densities. The RHOMIN file is
required for titrate problems. It is not used for batch problems. RHOMIN contains the density of
each of the solid species or minerals in the CHEMDAT file.

The RHOMIN input file, HMW_NP_AM.RHOMIN, contains mineral densities in units of kg/m3
or equivalently in g/, Pygnerars» fOr all of the minerals contained in the CHEMDAT file. The

numerical values for mineral densities were taken from Weast (1980) when available, otherwise
the minerals were arbitrarily assigned a value of 2000 g/L.. Mineral densities are not needed to
calculate the chemical equilibrium problems that FMT 2.0 solves. However, they were needed for
transport calculations that explicitly accounted for the volumes of solid phases and the changes in
porosity caused by mineral dissolution and precipitation, a feature incorporated in earlier versions
of FMT (Novak, 1994} that is no longer supported. The only place this information is used within
FMT 2.0 is in calculating the volumes of the initial “Erlenmeyer” solution for titrate problems.
Thus, the particulars of titrate problems may be different if mineral densities in RHOMIN are
altered. The RHOMIN file is an atavism that will be removed from the next extensive update of
FMT.

Changing the values in RHOMIN will change the aqueous volume to solid volume ratio, which
will change the response of the Erlenmeyer solution to the titrant volume. The titration curve will
not change, but the points used to plot the titration curve will change.

| . B FHFTWARNING ™ ,
The user should not and is not expected to change the RHOMIN file.

In Table 25, which describes the input parameters for HMW_NP_AM.RHOMIN, the “Variable
Name” column is for the FMT program variables. FMT reads only the number on each line of
HMW_NP.RHOMIN. The species name on the line is for human readability and is not read by
FMT.

Table 25. RHOMIN input parameters (See Appendix K for listing, and Appendix L for output file
listing.)

Line Variable Name Description

1-66 RHOSPEC(i) density of the it mineral species

8.0 ERROR MESSAGES

FMT has three types of messages - fatal error messages, warning messages, and informational
messages. A system error message pertaining to divide by zero is also described after the section
on fatal error messages.
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8.1 Fatal Error Messages

A normal FMT run will terminate with a message displayed at the user’s screen of either
“SINGLE BATCH EQUILIBRATION COMPLETED” or “End of Autotitration Problem” for a
batch or titrate problem respectively. Fatal errors terminate the execution of FMT abnormally.
These errors are always printed on the user’s screen and unit 6 that is usually defaulted the user’s
screen. The same and/or additional messages may be printed in the OUTPUT file.

Each error can generate one or more messages as shown below between lines of asterisks. A
bracketed line preceding messages indicates where messages are printed. A pair of single quotes
enclosing a phrase starting with ‘value ...” indicate that the run time value in FMT will be listed.

The errors are listed in alphabetic order as they appear on the screen.

8.1.1 "Charge" abundance is not . . .

KA AT A AT AT A E A A XA AT AT R I A A AT A IRk d kb vk

[on unit 6]
"Charge" abundance is not numerically zero

[on screen]

"Charge" abundance is not numerically zero

or

"Charge" abundance is not numerically zero, INJECTED
or

“Charge" abundance is not numerically zero, INITIAL

(in OUTPUT file]

“Charge" abundance is not numerically zero
A AR R AT R A KRT T AR AT AT T Rk T Tk dd ok ok x vk ki

8.1.1.1 Explanation

This error occurs when the last elemental amount in the INPUT file is greater than a numeric zero,

that is, plus or minus 1.0x10°13. The last line printed to the screen differs for batch and titration
problems. If the last word in the line following “numerically zero™ states:

= no word, it is a batch problem; the last line in element list does not
have a zero charge balance

e “INJECTED,” the first or titrant solution does not have a zero charge £
balance b

* By default, unit 6 is the user’s screen. The user could define a file = 6. If unit 6 is the user’s screen, the
message sent to 6 is printed first, followed by the [on screen] messages.

s
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« “INITIAL,” the second or titrated solution does not have a zero charge
balance
8.1.1.2 Suggested Solution

Change the charge amount in the INPUT f{ile to zero.

8.1.2 check problem type. ..

LA R E R ERR R SRS EEEESEE S EERSEEEEE SRS E S

[on unit 6]
check problem type option: BATCH or TITRATE

[en screen]
CHECK PROBLEM TYPE SPECIFICATICNS

[in QUTPUT file]
check problem type option: BATCH or TITRATE

EER SR A SR RS L E SR RS SRR R R R TR RS EE S

8.1.2.1 Explanation

On line 4 of the INPUT file (the CDUMI1 variable), the character string must be exactly ‘BATCH’

or ‘TITRATE’ .

8.1.2.2 Suggested Solution

Check that all the characters in the word are capitalized and the word is immediately surrounded by
a pair of the single quote character. No spaces, tabs, or unprintable characters are permitted in the

word.

8.1.3 ERROR IN INITIAL ESTIMATE . ..

[ EE R EEE R R A RS R R RL SRS E R SRR R EESEEEESESESS]

{onn screenl
ERROR IN INITIAI, ESTIMATE DETERMINATION, INITGES

[on unit 6]
LINEAR SYSTEM INCONSISTENT [or] NO SOLUTION IS FEASIELE

[in OUTPUT file]
ERROR IN RESULTS OF FEASBL
Results of call to FEASBL, IER= 2 {or] Results of call to FEASEL,

IR R EER SR EE AR AR R R REE S S R R AR EREE SRR EE S

IER= 3
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8.1.3.1 Explanation

The initial guess routine could not find an estimated solution for the given input. The initial guess
algorithm is the weakest part of the code. The input could still represent a physical problem, but it
may be a difficult combination of input values for the optimizing algorithm to find a solution.

8.1.3.2 Suggested Solution

Set up the initial solution desired in the INGUESS file and force FMT to read INGUESS with the
flags ‘MOLES’ ‘EXACT’ set in the INPUT file. The objective is to develop a reasonable set of
species values to give to the initial guess algorithm.

8.14 INPUT ERROR to.. ..

EEEE R E S22 R R R RS R RS R R AR R R B B RS R R SR A S

[on unit 6]
INPUT ERROR to FEASEL
NEQ.gt.IDIM .or. IDIMP1.lt.IDIM+1 [or] NEQ.ge.NVAR

[on screen]
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

[in OUTPUT file]

ERRCR IN RESULTS OF FEASBL
Results of call to FEASBL, IER= 1

I EEEEEEEEEEEER S A S A SR R S R R A S R LR R RS S S

8.1.4.1 Explanation

NEQ, the number of linear equations must be greater than the first dimension of the coefficient
array or the dimensions of the working arrays must be greater than NEQ+1 [or] NEQ must be
greater than the number of variables, NVAR.
8.14.2 Suggested Solution

Contact the code sponsors. This message indicates programming errors.

8.1.5 MAXELEM= 'value for ...

krk kA IR A Itk kA X T EF bk T T T A A XA ATk x xRk vk

[on unit €]

MAXELEM= ‘value for MAXELEM'

TTLELEM= ‘'value for TTLELEM

Parameter Dimensions Too Small for this Problem

Must Increase MAXELEM to MAXELEM='value for TTLELEM+1'

[on screen}
MAXELEM DIMENSICON IS TOO SMALL

I EEEE R EERZEEE S22 RS S R 2R R R R A S R R RS R R RS
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8.15.1 Explanation

This error occurs when the number of elements in the CHEMDAT file exceeds MAXELEM, a
programmatic value which is set to 30.

8.1.5.2 Suggested Solution
Contact the code sponsors to set a higher limit for MAXELEM.

8.1.6 MAXSPEC="value for...

X RS E SRS SRR SRR S S SRS A R Rt RS LR RS R EESE S

[on unit €]

MAXSPEC= 'value for MAXSPEC!'

TTLELEM= 'wvalue for TTLELEM'

TTLSPEC= 'value for TTLSPEC'

Parameter Dimensions Toc Small for this Problem®

Must Increase MAXSPEC to MAXSPEC= 'value for TTLELEM+TTLSPEC'

[on screen]
MAXSPEC DIMENSION IS TOO SMALL

IR R R R SRS RS S EEEEEEEESEEESR R SRR RS RS EEESEE]

8.1.6.1 Explanation

This error occurs when the number of species plus the number of elements in the CHEMDAT file
exceeds MAXSPEC, a programmatic value which is set to 250.

8.1.6.2 Suggested Solution
Contact the code sponsors to set a higher limit for MAXSPEC.

8.1.7 MUST PUT ALL AQUEOLUS...

IS R E AR S SRS R R E R E R SRR EE R R R R EREEEEEEEESS]

[on screeﬁ}
MUST PUT ALL AQUEQUS SPECIES BEFORE MINERALS

[in OUTPUT file]
MUST PUT ALL AQUEOUS SPECIES BEFORE MINERALS

tE R E A E RS SRS RS ERE R EEE R EEER R R EE RS EEESE SRS

8.1.7.1 Explanation

This error occurs in the CHEMDAT file when a solid phase of a species is erroneously listed
before an aqueous phase of a species.

8.1.7.2 Suggested Solution

In the CHEMDAT file, ensure that all aqueous species are declared before solid species.
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8.1.8 Negative Element or Species Abundance. ..

IR E RS SRR SR ER SRS S SRS RS R A REEEREEERERES S &8N

fon screen]

Negative Element Abundance Entered
or

Negative Species Abundance Entered

[in OUTPUT file for batch option]
Negative element abundance in input file
‘element name'’ ‘abund value'
STOPPING EXECUTION in ROUTINE ONEFLSH
or
Negative species abundance in inguess file
'species name' ‘'abund value'
STOPPING EXECUTION in ROUTIKNE ONEFLSH

{in OUTPUT file for titration option]
Negative element abundance given, INJECTED

‘element name' 'abund value'
STOPPING EXECUTION in ROUTINE FMT2PO
or
Negative element abundance given, INITIAL
'element name' ‘abund value’
STOPPING EXECUTION in ROUTINE FMT2PO
oxr
Negative species abundance in inguess file
'species name' 'abund value'

STOPPING EXECUTION in ROUTINE FLASHIJ
s s s e sk o e sk ok o sk sk ok stk ok ok ok ek o e sk o ok sk sk sk ok ook ok kR Rk ok

8.1.8.1 Explanation

The error “Negative Element Abundance Entered” is generated when an element amount in the
INPUT file is negative. The OUTPUT file contains the element name (from the CHEMDAT file)
and the negative amount read from the INPUT file that caused this fatal error. For

. ‘BATCH’ problem: If the last line in the OUTPUT file states “ROUTINE ONEFLSH”,
the ‘BATCH’ flag was set in the INPUT file.

. ‘TITRATE’ problem: If the last line in the OUTPUT file states “ROUTINE FMT2P0”,
the ‘“TITRATE’ flag was set in the INPUT file. The first line of the error message
“Negative element ...” in the OUTPUT file tells which solution the fatal error is in - the
INJECTED solution is the first solution or titrant solution while the INITIAL is the
second solution or the titrated solution. The amount for a titrated solution could be

essentially zero which is less than -1.0x10~ 12,

The other error "Negative Species Abundance Entered” i1s generated when a species amount in the
INGUESS file is negative. The OUTPUT f{ile contains the species name (from the CHEMDAT
file) and the negative amount read from the INGUESS file that caused this fatal error. For
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. ‘BATCH’ problem: If the last line in the OUTPUT file states “ROUTINE ONEFLSH”,

the ‘BATCH’ flag was set in the INPUT file.

. ‘TITRATE’ problem: If the last line in the OUTPUT file states “ROUTINE

FLASHIJ)”, the ‘TITRATE’ flag and the 'MOLES' 'EXACT" flags weze set for either the

titrant or titrated solution by the INPUT file

8.1.8.2 Suggested Solution

Change the negative amount in the INPUT or INGUESS file to zero or positive amount. Check
the rest of the INPUT or INGUESS file for any negative amounts and change to zero or positive

amounts.

8.1.9 NEW T" option ...

[ E A E RS RERES SRS RS2SRSS R RS R AR EEEEE SRS

[on screen]
"NEW T" option for non 298.15K discontinued

P P P R R ERAE T EEEEEER SRR EEEEEEEE R R & 0 8 N

8.1.9.1 Explanation

This error occurs in the CHEMDAT file when the character string ‘NEW T’ is set.
8.1.9.2 Suggested Solution

Notify the code sponsors and change the character string to ‘nNEW T’ in CHEMDAT.

8.1.10 No Convergence on Equi...

I 222 RS2SR 222222222 2 2R SRR R R R R SRR LR RS S

[on screen]
No Convergence on Equi Solid Suite

[in OUTPUT file]
EXITED SOLID ITERATION LOOP, MAXTMUM REACHED
diagnostics, no solid convergence achieved

list of element abundances follows: \\:ﬁ%izgff

'value for ABUND(i)' ‘'values for ELNAMES(i)'
list of species abundances follows:
‘value for NMOLES(i)' ‘'values for NAMES (i)'

I EE R R RS R AR A RSS2 S SR RS RS R RS R R RS R ES S
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8.1.10.1 Explanation

This error occurs when there is no convergence in the equilibrium root finding algorithm after 20
iterations. (The number 20 is hard coded in the program).

8.1.10.2 Suggested Solution

Contact the code sponsors. The algorithm has checked at least 20 different sets of solids and
found no equilibrium solution. Either the problem is incredibly complex or the particular set of
element abundances represents a condition for which no solution can be found. In more than nine
years experience with this equilibrium algorithm, this error has never occurred.

8.1.11 PROBLEM TOO LARGE FOR . ..

IR S S EEEEE RS RS R RERERE AR R RS RS EE RN SEESEEN

[on screen]
PROBLEM TOO LARGE FOR SPATIAL ARRAY DIMENSIONS

fin OUTPUT file]
TOO MANY NODES IN THE X AND Y DIRECTION

NSPACE set to 'value for NSPACE'

MWIDTH set to ‘value for MWIDTH'

MUST CONFORM TO THE FOLLOWING

NSPACE .LE. ‘value for MXSPACE'
MWIDTH .LE. ‘value for MXWIDTH'

MWIDTH*NSPACE+2 .LE. ‘'value for MXANDY'

(AR E SRR EEEEAALE RS RS R R AR SRS ERESESSS]

8.1.11.1 Explanation

This error appears in titrate problems when NSPACE, the number of Erlenmeyer solutions, is
greater than 66.

8.1.11.2 Suggested Solution

Reduce the NSPACE paramegter in the INPUT file to 66 or less and adjust the ASREAD volumes
to 66 or less if using “ASREAD.’

8.1.12 Species ""H20" must be first . ..

Reduce the NSPACE parameter in the INPUT file to 66 or less.

[P S

IR SR RS TSR E RS SRR R RS A S AR R SRR R ERE R RS RS S

[on1 unit 6]
Specles "H20" must be first species in list
Also, the first 3 chars. must be "H20"

[on screen]
FIRST SPECIES NaME IS NOT H20

SRR R RS S S A RS S R E R AR A SR E R R R EEE R LR ESESS]
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8.1.12.1 Explanation

This error occurs in CHEMDAT when the variable NAME(1) does not contain the character
string H20 as the first 3 characters. The NAME variable is read on line 14 as printed in Appendix
I listing of HMW_NP_AM.CHEMDAT.

8.1.12.2 Suggested Solution

Check that there are no spaces in the string H20 and that the string immediately follows the single
quote mark.

8.1.13 To use TITRATE option . ..

IS S S A XN EEES A S S S SR AR SR EREREREEEESSSSES SN

[on unit 6]

To use TITRATE option, specify:

'TITRATE' 'LINEAR or LOGl(Q' DVMIN DVMAX
where DVMIN and DVMAY are the minimum and maximum titrant volumes.
When LINEAR is used, multiples of DVMIN (mL) are added to each beaker.
When LOGl0 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to
each beaker on a2 logarithmic scale.

[on screen]
Check Specifications for TITRATE Option

[in OUTPUT file)
Te use TITRATE option, specify:
'TITRATE' 'LINEAR or LOG1l0' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples of DVMIN (mL) are added to each beaker.
When LOG10 is used, wvolumes from DVMIN {mL) to DVMAX (mL) are added to

each beaker on 2 leogarithmic scale.
[E 2SS ET S AR EREERS SRR R R EREEEESERESE LSS S ES

8.1.13.1 Explanation

This error occurs when the INPUT file does not contain the one of the strings ‘LINEAR’,
‘LOGI10’, or ‘ASREAD’ following the required ‘“TITRATE’ string after the section of unused
values (See line 100 1n Table 5).

8.1.13.2 Suggested Solution

Check that one of the permissible character strings LINEAR, LOG10, or ASREAD is enclosed in
single quotes and listed after the TITRATE string in the line.

8.1.14 Trying to shift reaction. ..

(AR A SR E SRR RS E A SRS R AR R R EERESEEESEE&E S S ]

{in QUTPUT file]
Trying to shift reaction to the left, but
SMLPRD is .LE. 0.d0
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[or]
Trying tc shift reaction to the right, but
SMLRCT is .LE. £.d0

e L e R R S I

8.1.14.1 Explanation

FMT is attempting to eliminate one of the species involved in a solids-only reaction but there is no
more product (top message) or there are no more reactants (bottom message).

8.1.14.2 Suggested Solution
Increase the amounts of elements in the INPUT file or amounts of species in the INGUESS file.

8.1.15 VALID CHARGE BALANCE ELEMENT NOT ...

AR SRS S S E R AR L RS R AR EREREASEESEEERSESES S

[on screen]
VALID CHARGE BALANCE ELEMENT NOT SPECIFIED

[in OQUTPUT file]
Need to specify the charge balance element

I EEEEREEEEEEE R SRS S A SR LRSSt SRR RSl R 8 R

8.1.15.1 Explanation

This error occurs in the CHEMDAT file when the variable RPLWCHG is negative or zero. The
RPLWCHG variable is read on line 859 as a 2 (the element Oxygen) in Appendix I listing of
HMW_NP_AM.CHEMDAT.

8.1.15.2 Suggested Solution

Notify the code sponsors.

8.1.16 Was expecting the "TITRATE" ...

A AR R AR SRS R RS R A SRS AR R R RS R R SRR EEE R RS S

[on unit 6]
Was expecting the "TITRATE" flag

To use TITRATE option, specify:
'TITRATE' 'LINEAR or LOG10O' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples cof DVMIN {(mL) are added to each beaker.
When LOGl0 is used, volumes from DVMIN (mlL) to DVMAX (mlL) are added to
each beaker on a logarithmic scale.

[on screen]
second TITRATE flag incorrectly specified

[in OUTPUT file}
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To use TITRATE option, specify:
'"TITRATE' 'LINEAR or LOG10' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples of DVMIN (mlL) are added to each beaker.
When LOGl0 is used, veolumes from DVMIN (mL) to DVMAX (mbL) are added to
each beaker on a logarithmic scale.

R E RS SE SRS S AR RS E R R R RS RERESEEEERSE]

8.1.16.1 Explanation

This error occurs when the INPUT file does not contain the “TITRATE’ string after the section of
unused values (See INPUT file description for titrate problems, line 100 in Table 5).

8.1.16.2 Suggested Solution

Check that the character string TITRATE is enclosed in single quotes and listed first in the line.
There could alsc be missing lines or values prior to this line. In the unused values section, the
variables and their permissible values must be present.

8.2 System Error Messages

There is one system error message “divide by zero” that occurs because of insufficient water in the
INGUESS file to support the chemical reactions. The water is used up in the chemical reactions,
so that when the amount of water (which is now zero) is used in the denominator of a divide
operation, a “divide by zero” systermn error resuits, halting FMT execution. The FORO088 file was

not generated due to the abnormal termination. A suggested solution is to increase the amount of
water to the INGUESS file or decrease species amounts.

8.3 Warning Messages
There are warning messages that indicate the solution is not a valid one.

One or more messages are shown between lines of asterisks. A bracket line preceding any
messages indicates where messages are printed. A pair of single quotes enclosing a ph:ase
indicate that the run time value in FMT will be listed.

The errors are listed in alphabetic order as they appear on the screen.

8.3.1 BATCH CALCULATION ERRORS . ..

[E R A RS SEE R A RS SR SRS R R R R E R SRR R RS S ES AR

fon unit 6]
BATCH CALCULATION ERRORS, L2 norm 'value for L2 norm'
SEE OUTPUT FOR MASS BALANCE ERROR INSTRUCTIONS

fin OUTPUT filel

BATCH CALCULATION ERRORS, L2 norm 'value for L2 norm'’

{a listing of the initial and final azbundances, element names and the absolute
value of the differences between the initial and final abundances}

MASS BALANCE ERROR INSTRUCTIONS
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1) Check to see how much abundances have changed
Should only happen in batch problems, or when
flashing initial or injected conditicons

2} This problem occurs when the diagnostic
"Trying to get Internal Initial Guess*
has been printed, and means that the initial
guess provided by /MOLES/ is inadequate

3) Try flashing with /nMOLES/-- this is the
easiest way to try te fix the problem

AR E R EE RS A SRR RS R R R AR EER R ERSESEESEES]

8.3.1.1 Explanation

This message warns that material balance errors are present during the flash calculation. This

message occurs when material and charge balances exceed 1.0x10°6. FMT prints the above
message and continues on to the next flash in a titration problem.

8.3.1.2 Suggested Solution
None, but answer (if any) is invalid.

8.3.2 CANNOT FIND LOCATION OF . . .

Fhrkhk Rk bk kI kA AT bk kR hdowk kR dhddkdddddddhi

fon unit 6]
CANNOT FIND LOCATION OF "H+" INVALIDATING pH VALUE

[in OUTPUT £ile}
CANNOT FIND LOCATION OF "H+" INVALIDATING pH VALUE

tZ XS EE R ERSER AR REER R R RS S B A RS S A SRS SRS S SR

8.3.2.1 Explanation

This message occurs in the CHEMDAT file when the exact species name of 'H+' is missing from
the species list or a space or unprintable character precedes the H+. The
HMW_NP_AM.CHEMDAT has 115 species.

8.3.2.2 Suggested Solution
Verify that H+ species is not in the CHEMDAT file and notify the code sponsors.

8.3.3 "EXACT" mole amounts . ..

I EEEEEESEREE RS E R R R R R R R R L EREEEE S A S S S

{in OUTPUT file]
“EXACT" mole amounts not charge balanced
CHARGE= 'value of charge ABUND’

[EEE S EEEE SRR EREEREE R R R B SRS S & RS E S S
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8.3.3.1 Explanation

FMT has calculated the elemental abundances using the mole amounts given in the INGUESS file.
The solution must be charge neutral otherwise FMT will modify the abundance. This error occurs
when the species amounts in the INGUESS file do not maintain charge neutrality. The absolute

value of the charge must equal or exceed 1.0%10-12 for this error to occur.
8.3.3.2 Suggested Solution

Check the species amounts in the INGUESS file, being sure to maintain charge neutrality. For
example, if you are increasing the amount of a positively charged species, then add the necessary
amount of a negatively charged species, observing stoichiometric rules.

8.34 MASS BALANCE ERRORS . ..

TkkkhkkrT Ak kkdk b rrhdkk kb dddkdrdhhkokkhdkk

[on unit 6]
MASS BALANCE ERRORS at ISPACE= 'value of Erlenmeyver solution'

[EE ST EELE SRS A S S S AR RS R R R RS ERESESLSES]

8.3.4.1 Explanation

This message warns that material balance errors were detected during the flash calculation. FMT
prints the above message and continues to the next Erlenmeyer solution in a titration problem.

8.34.2 Suggested Solution

None, but answer (if any) is invalid.

8.4 Informational Messages

There are informational messages that indicate where the code is during execution or what it is
doing. These messages, presented in alphabetical order, are described below.

8.4.1 AQ vio 'valueof mu'. .. ‘ 7'1’2\,‘ *:?

-, “?g
R R e R R T R ] :”x‘ el /jJ

. 5 s
[in OUTPUT file) o
AQ wvio 'value of mu' 'species name' 'mame index number'
FPE R SR E TR B R R EEE RS R R R R EEEEEE R SRR R R

This message occurs in a batch problem when the mu value or concentration of aqueous/sorbed
species exceeds 1.0x10-24 as specified by minabux1.0x10-6, the convergence tolerance read from
CHEMDAT. This message refers to FMT’s normal algorithmic attempts to adjust the
stoichiometric equation for the lack of species. These messages appear during execution of a batch
problem as indicators of normal computational progress.
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8.4.2 DONT HAVE ANY REACTIONS...

PRI REEEEEAEEESEE RS A A E NSRS RS S A NS SRS S SRR
[on unit §]
********************it*******t***i’**‘***********

(2SR LR RS R RS SRR S A R RS SRR RS SRR EREREREEER SRS

**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
*x*kxs BUT CONTINUING CALCULATION ANYWAY *****x*

S S RS EE RS E RS SEEEE R R R AL SRS EER RS SEESEESESE B EE RS

P L R R R R R R E R E B R R R R I 2 S I e

[in QUTPUT file]

LA A A S SR EREESEE SR ES SR EEEEE S S S SRR EEEEEEE SRS S EEER]
FAAX A KA A AT AR I A AT AN AR AR T A AT E T AR TR R A F AT AL AR

**x* DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
rrxxx+ BUT CONTINUING CALCULATION ANYWAY *x**xx

&S S AR R RS SRS SRS XSRS ERRRESES RS ERESEEEESESEERESEREES]
IEE S RS EREEEEREE RS SRR R RS XSRS R EER SRR SRR SR EEESS S

R XA RS S SR EEE RS RS E RS A SR E R E R AR E R EE SRS &

This message occurs when there are no chemical reactions to equilibrate, which by definition
means the system is at equilibrium.

843 MU(tth)= 'value of mu'. ..

I E S X TR RS A S SRS SR AR R R RS SR RE R E R EEESE]

[on unit 6]
MU{ttl)= ‘'value of mu' x 'value of Erlenmeyer solution'

[in OUTPUT file]

nonconvergent elemental abundances

MU(ttl)= 'value of mu' x 'value of Erlemnmeyer sclution’
table of element abundance

'vyalue for abund{i}' 'wvalue for elnames{i)’
I E E SRR EEEIE S SRS EEE S S S S EE RS AR RS B8 RS 8 EE

This is not a fatal error, but it is more than a run-time message. This message occurs when one or
more reactions are not at equilibrium after MAXIT iterations. MAXIT is the number of iterations
for minimizing free energy and set by the CHEMDAT file. The output from the runs in which
this message occurs must be checked carefully by the user to see if they are suitable to use.

8.4.4 SOLUBILITY PRODUCT VIOLATION ...

L P R R LSRR E RS RS R ES S S S S S R S S B ST

[on unit 6]

*rxkkkk ko x k SOLTBILITY PRODUCT VIOLATION*****xdxkskd+
'species name' ** 'value of mu*' **

[in OUTPUT file]
*%*xwkxx%x**SOLUBILITY PRODUCT VIOLATION*****#xxkxsss

‘species name' ** 'value of mu' **
[IEEE SRR EEEREEEEEEEEEE AR RS R RS R AR R RS S LSS
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This message occurs during execution of a batch problem when the mu value or concentration of a

solid species exceeds 1.0x10-6 as specified by accuracy, the convergence tolerance read from
CHEMDAT. This message refers to FMT's normal algorithmic attempts to adjust the
stoichiometric equation for the lack of species. '

84.5 ‘count of ' Solubility Product Vielations. ..

tE S SR SRR AR RS RS E SRR R R A SR RARRE S EREEEEEERSE]

fon unit &]
‘count of ' Seolubility Product Violations
Adding solid 'name of solid species most oversaturated!’

[in OUTPUT filej]
'count of ' Seolubility Product Violations
Adding solid 'name of solid species most oversaturated'

RS S SRR LS SRS ER SRS SRR R SRR R R R R EEE RS EEESE]

This message occurs during execution of a batch problem whenever a solid species needs to be
included in a solution. A count of the number of solubility violations found during the equilibrium
process. The largest mu value of a solid species is listed.

8.4.6 Switching Routine Hung . . .

ISR R RS ERFETRERSEE SRS E SRR RS AR E R EEESE R EE S

[on unit 6]

Switching Routine Hung, Ending Batch Calculation
*+* Plash Calculation Terminated ***

idkik Infinite Loop Encountered ***

*** gpacepoint='value of Erlenmeyer sclution'

[in QUTPUT file]

Flash-Terminated (sp) ‘'value of Erlenmeyer solution'
*** Flash Calculation Terminated *** -

kak Infinite Loop Encountered ***

*** gpacepoint= 'value of Erienmeyer solution'
EZEE S RIS EEEE S A RS S SRS RS R R R SRR R EEE R RS &S]

A species has a calculated concentration right on the border between existing and not existing

(MINABU value multiplied by 1.0><10'6) and FMT cannot decide whether to include it or not.
This message is triggered when FMT adds the same species three times in a row but the species
gets deleted in the equilibrium root finding algorithm. Because the boundary between “existing”
and “not existing” is very low (1.0x10-22), this message has no consequences unless the user is
looking at very trace species.
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9.0 DESCRIPTION OF OUTPUT FILES

FMT generates a primary OUTPUT (.OUT) file and the secondary output files shown in Figures 1
and 2. Secondary output files vary according the whether a batch (single flash) calculation or titrate
(multiple flash) calculation is performed. (A batch problem has one flash calculation. A titrate
problem has a user-specified number of flash calculations.) FOROS8S i1s the secondary file for
batch problems; TITRATE and MOLES are the secondary files for titrate problems.

9.1 OUTPUT

For both batch and titration calculations, the primary file OUTPUT (.OUT) file lists the problem
identity, echoes the CHEMDAT file, and contains a summary of element concentrations, species
concentrations, and equilibrium parameters for each flash calculation performed.

Note that while the user is printing the OUTPUT file, page breaks will occur. The listings
appended to this guide do not emulate the page break as a separate page but show such a line as a
Fortran page break, i.e., the line is prefixed with the character *1.”

9.1.1 Batch Problem
Table 26 explains the OUTPUT (.OUT) file generated from a batch problem called
BATCH_DOC. The “Line” column refers to the line numbers listed in BATCH_DOC.OQUT.

“Variable Name” column shows applicable FMT program variables and some formulas.

Table 26. OUTPUT File Description for Batch (See Appendix M for sample listing.)

Line | Variable Name Description

1 INFNM INPUT filename.

2 INGFNM INGUESS filename.

3 OUFNM QUTPUT filename.

4 CHFNM CHEMDAT filename.

5 notation; FMT sets temperature to 298.15 Kelvin

6 TITLE9SS problem title specified on line 1 of INPUT file with ‘FMT’ and version number
appended

7-8 ggiggé, unigue data base identification specified on lines 1 and 2 of CHEMDAT file
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11-14 this location would normally be filled with an echo print of ion interaction

parameters and chemical species definitions, as read from the CHEMDAT

input file (Appendix I). This information is reproduced in the QUTPUT file
listing in Appendix J and is described in Section 7.3.

17-25 this section contains computation status indicators printed during calculations
to find the equilibrium system.

17-21 | NAMES(i), at the end of the first convergence loop, the solids brucite and magnesium
MU(i) oxychloride “MgOxychloride,” were oversaturated, and thus the system was
not at equilibrium.

23 NKSPVIO number of solubility product violations for solids (minerals)

24 NAMES(i) postulated that brucite was present in the equilibrium system, and thus added
to the equilibrium calculations

25 ALLITER number of times the diagonalized Hessian matrix system of equations was
solved to reach the calculated equilibrium state

26 Note: a page break occurs; the first character “1” indicates = Fortran page
break and is deleted before printing the remaining line

26-28 | TITLE99, problem title and CHEMDAT input file (Appendix I) identification
DBASE],
DBASE2
29 PRESSUR, pressure and temperature for batch problem
TEMPERA
31-58 table of Elemental Abundances
ABUND(1) “Total Moles” column contains the exact number of moles for each element as

read from the INPUT file, or as calculated from species abundances as read
from the INGUESS file

AQMOLES(1)/ “Aq. Molality” column is the total molality for each element in the aqueous

KGH20 phase

AQMOLES(i)/ “Ag. Molarity” column is the total molarity for each element in the aqueous

SOLNVOL phase. This number is calculated from the solution density, as discussed on
lines 54-67.

AQMOLES(Y “Ag. mg/liter” column is the total aqueous element concentration in

SOLNVOLx milligrams per liter

MWELEM(i)

x1000

ELNAMES(i) identifies the element name corresponding to the row of values in the table
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60-73 this section documents the calculation of solution density, a quantity that is
required only for converting molal units to Molar units. In batch problems, the
density is used only to produce the volume based concentration units (Molar,
mg/liter) printed in the OUTPUT file. The actual calculation of equilibrium is
conducted using mass-based, i.e., molal, units. FMT uses a correlation based
on NaCl solutions (as noted on line 35) to calculate solution density from total
dissolved solids (TDS).
61-63 | SOLMASS, values calculated from equilibriumn compositions
KGH20x1000,
TDSGPKG
66 SPRHO density specified in the INPUT file for titrate problems. For BATCH problems
the solution density from the NaCl correlation is automatically used.
69-70 j SOLNVOL. TDS | calculated values based on specified density on line 66
72 DENSITY(2, density calculated by FMT using the NaCl correlation
TDSGPKG)
73 {DENSITY(2, difference between the specified density (line 68) and the density calculated
TDSGPKG) by FMT which will always be zero for BATCH problems
SPRHO-1.)x100 -
77-161 table listing detailed information about the species in the equilibrium problem.

Note that only species that can be formed from elements with nonzero
concentrations are included. Species are sorted approximately in order of
decreasing concentration. For example, the total phosphorus element
concentration on line 56 is zero, so no detailed information is given for
phosphorus species.

NAMES({(1) “Species Name” column

MOLALTY(i) “Molality” column contains the species molality, moles per kg H2O, for all

or for solids: species including solids. However, the entry for water is not molality of water,
NMOLESQGY which is invariant, but the mole fraction H2O in the aqueous phase, as noted
NMOLES(1)/ on line 170.

MWH20

LNGAMA(I)x “Activity” column is the product of the “Molality” and “Act Coef” columns or
MOLALTY(1) is defined to be 1 for solids

LNGAMA(1) “Act Coef” column is the calculated activity coefficient for the species, which

or 1.0 for solids

is 1 by definition for solids

NMOLES(1) “Total Moles™ column is the total number of moles for the ith species
NMOLES3) “Molarity” column is the volume-based concentrations calculated from the
SOLNVOL “Molality” column using the sclution density described above on lines 60-73

- -
e
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NMOLES()/ “mg/liter” is the volume-based concentrations calculated from the “Molality”
SOLNVOLx column
MWSPEC(i)x
1000
MU{YLNIO “descriptor” column has various meanings, as stated in the notes on lines 172-
176
163 -(NMOLES pmH: the negative base 10 logarithm of hydrogen ion molality
(NPROTON)/
NMOLES(1)/
MWH20)
164 PHVECT pH: the negative base 10 logarithm of hydrogen ion activity
165 osM osmotic coefficient, a value related to the activity of water; a value calculated
from the Pitzer equations
166 LNGAMA(1)x100 } equilibrium relative humidity, equal to 100% times the water activity
167 IONICST c
ionic strength, in molal units, defined as zizmi, where z; is the charge on
i=2
the ith species, mj is the molality of the ith species, and index i runs from
species 2 through all agueous species, with species 1 defined as H2O
168 SPRHO solution density, calculated as described on lines 60-73
170- notes defining water and gas molality
171
172- notes describing the descriptor column in table of concentrations for batch
176 system
178 2CHEMPOT(i)x | the total dimensionless Gibbs free energy for the solution; the quantity that is
NMOLES(i) minimized to find the equilibrium composition
180 NINVERS total number of times the diagonalized Hessian matrix system of equations was
solved; for batch problem, this value is the same as ALLITER on line 25
181 ICNT number of times the species list was changed for computational purposes in the
minimization algorithm '

In the BATCH_DOC.OUT file on lines 31-58, the first table gives the elemental abundances in

various units, the first column being the number of total moles, and the second being the aqueous
molality. The “Total Moles” column provides the basis for computation, i.e., the amount of each
element, independent of phase, including hydrogen and oxygen. It is convenient to specify
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material on an approximately 1 kg H,O basis (~55.5 moles H,0). The “Aq. Molality” column
given the agueous phase totals; it is this portion of the output that corresponds to the aqueous phase
element totals listed above. The “Aq. Molarity” and “Aq. mg/liter” columns are provided for the
convenience of those users who prefer these units. However, these units depend on the value used
for solution density, which is approximated by FMT from a correlation based on the density of
NaCl solutions.

Lines 77-161 which comprise the second table, Table of Concentrations for Batch System, list
molality, activity, activity coefficient, and a descriptor for each chemnical species that can be made
from the elements with nonzero concentrations. For example, note that there are no species
containing “Air”, “TracerEl”, “Th(IV)”, etc. in this list. These species are sorted in approximate
order of decreasing molality.

The descriptor serves several functions. First, it is the value that is actually tested for convergence
(note that all values of the descriptor are less than the 109 as specified in line 6 of the output file
listing for the CHEMDAT file; see Appendix J). The component species, lines 81-90, do not have
descriptors because these are species from which all other species are formed by chemical reaction.
(This quickly leads into an arcane discussion of the algorithm used to calculate equilibrium. The
interested user should refer to Smith and Missen (1991), particularly Chapter 6.) The descriptor
values given for noncomponent species, lines 91-101, all have absolute values less than 106, thus
indicating convergence. The remaining species, lines 102-161, all have zero concentration. Most
of these species are solids, and the descriptor is the saturation index, SI=log)o(Q/Ksp), an
indication of how saturated the solution is with respect to that solid. A saturation index of 0.0
indicates the solution is exactly saturated. A saturation index less than zero indicates
undersaturation. FMT does not allow solutions to be oversaturated.

Lines 157-158 show that the species NaOH(aq) and HCl{aq) have zero concentrations, and
descriptors of 293 and —254 respectively. As the note in line 175 indicates, the descriptor value
for aqueous species with zero concentrations is approximately equal to the logo concentration of
that aqueous species in this solution. (For comparison, one atom in 1 kg H,O would have a molal
concentration of 1.6x10-24 molal, corresponding to a descriptor value of —23.8.) These values are
a consequence of the choice of values for the standard chemical potentials of these species. As
discussed in the CHEMDAT data base documentation (Section 7.3 and Appendices I and J), these
species are nonphysical and included for convenience only.

9.1.2 Titrate Problem

Table 27 explains the printout for a titrate problem using the OUTPUT file generated from S
executing Np_NaCl_BM_LOG. (It also explains the printout of the OUTPUT file generated from
executing Np_NaCL_BM_LIN and Np_NaC]_BM.) The “Line” column refers to the line

numbers listed in Np_NaCl_BM_LOG.OUT. “Variable Names” column shows FMT’s program
names and some formulas.
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Table 27. OUTPUT File Description for Titrate (See Appendices N, O, and P for sample {istings
of Np_NaCl_BM_LOG.OUT, Np_NaCi_BM_LIN.OUT, and Np_NaCl_BM.OUT, respectively.)

Line | Variable Name Description

1 INFNM INPUT filname

2 A INGFNM INGUESS filname

3 OUFNM OUTPUT filname

4 CHFNM CHEMDAT filname

5 notation that temperature is set to 298.15 Kelvin by FMT

6 TITLE99 problem title specified on line 1 of INPUT file with ‘FMT" and version number

appended

7-8 DBASE], unique data base identification specified on lines 1 and 2 of CHEMDAT file
DBASE2

11-14 this location would normally be filled with an echo print of ion interaction

parameters and chemical species definitions, as read from the CHEMDAT.
This information is reproduced in the QUTPUT file listing provided in
Appendix J and is described therein.

17-20 notation of parameters set for fracture/matrix transport

24 notation of porosity

27 notation of aqueous density

29 RHFNM RHOMIN filename

31-34 Vthis location would normally be filled with an echo print of mineral species

and their densities, as read from RHOMIN. This information is reproduced in
the OUTPUT file listing provided in Appendix L and is described therein.

3644 | GBV(i) unused 3 sets of grid blocks in fracture/matrix transport each containing N§
solutions

46-139 summary informaton for the titrant solution flash calculation

140- summary information for the Erlenmeyer solution flash calculation

237

238 notation; first beaker of Erlenmeyer solution
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238- summary information for the first beaker (same as Erlenmeyer solution when
336 corrected for different volumes)
337 notation; second beaker of Erlenmeyer solution
337- summary information for addition of DV(2)” to I liter of the Erlenmeyer
435 solution
436 notation; third beaker of Erlenmeyer solution
436- summary information for addition of DV(3)” to 1 liter of the Erlenmeyer
534 solution
535 notation; fourth beaker of Erlenmeyer solution
535- summary information for addition of DV(4)” to 1 liter of the Erlenmeyer
633 solution
634 notation; fifth beaker of Erlenmeyer solution
634- summary information for addition of DV(5)" to 1 liter of the Erlenmeyer
732 solution
733 notation; sixth beaker of Erlenmeyer solution
733- summary information for addition of DV(6)" to 1 liter of the Erlenmeyer
831 solution
832 notation; seventh beaker of Erlenmeyer solution
832- summary information for addition of DV(7)” to 1 liter of the Erlenmeyer
930 solution
931 notation; eighth beaker of Erlenmeyer solution
931- summary information for addition of DV(8)” to 1 liter of the Erlenmeyer .
1029 solution )
“
1030 notation; ninth beaker of Erlenmeyer solution e
1030- summary information for addition of DV(9)” to 1 liter of the Erlenmeyer
1128 solution

* Summary information for DV(2) through DV(14) not shown in listings for Np_NaCl_BM_LIN.OUT and

Np_NaCl_BM.OUT.
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1129 notation; 10th beaker of Erlenmeyer solution

1129- summary information for addition of DV(10)” to 1 liter of the Erlenmeyer

1227 solution

1228 notation; I1th beaker of Erlenmeyer solution

1228- summary information for addition of DV(11)" to 1 liter of the Erlenmeyer

1326 solution

1327 notation; 12th beaker of Erlenmeyer solution

1327- summary information for addition of DV( 12)” o 1 liter of the Erlenmeyer

1425 solution

1426 notation; 13th beaker of Erlenmeyer solution

1426- summary information for addition of DV(13)™ to 1 liter of the Erlenmeyer

1524 solution

1525 notation; 14th beaker of Erlenmeyer solution

1525- summary information for addition of DV(14)" to 1 liter of the Erlenmeyer

1623 solution

1624 notation; 15th (last) beaker of Erlenmeyer solution

1624- summary information for addition of DV(15)*” to 1 liter of the Erlenmeyer

1722 solution

1723 | TIFNM TITRATE filename™ "

1724 | MOFNM MOLES filename™ ™"

** Summary information for DV(15) in listings for Np_NaCI_BM_LIN.OUT and Np_NaCl_BM.OUT are from
lines 343-441.

*** On line 442 in listings for Np_NaCl_BM_LIN.OUT and Np_NaCl_BM.OUT.

**** On line 443 in listings for Np_NaC]_BM_LIN.OUT and Np_NaC]_BM.OUT.
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9.2 FORO088

The batch-generated secondary file FOR088 contains three columns from the “Table of
Concentration for Batch System” in the OUTPUT file. The columns are total species moles,
species name, and species molality with the species reordered as listed in the CHEMDAT file.
FORO88 and the input file INGUESS have the same format, and are designed to facilitate creation
of a specific solution composition. FOR088 can be renamed and used as a template for an
INGUESS file which the user can edit. Table 28 explains the FOR088 file generated from a batch
problem. The “Line” column refers to the line numbers listed in BATCH_DOC.FOR088.

Table 28. FORO088 File Description for Batch (See Appendix Q for sample listing.)

Line | Variable Name | Description
1-115 | NMOLES(i) total number of moles for the it species
NAMES(i) the ith species names
NMOLES()/ the ith species molality, moles per kg H2O (see line 77-161 “Molality” column
NMOLES(1) in Table 26 and Appendix M)
MWH20
9.3 TITRATE

The TITRATE file, a secondary output file for the titrate problem, contains the titrant volumes and
the equilibrated concentrations of all species, and the pH and ionic strength of each flash calculation
from the OUTPUT file. The concentrations from each flash calculation have been reorganized by
species for easy transfer to a graphics program for plotting.

Table 29 describes a TITRATE file generated by FMT. The “Line” column refers to the line

numbers listed in Np_NaCl_BM_LOG.TITRATE. Np_NaCl BM_LIN.TITRATE and
Np_NaCl_BM_LIN.TITRATE have similar sample listings in Appendices S and T, respectively.

Table 29. TITRATE File Description (Appendix R)

Line | Variable Name Description

1-3 TITLE99, problem title and CHEMDAT identification

DBASEL,
DBASE2

520 }j, DV(j)*1.d3 jtP beaker and titrant volume added to jthbeaker
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23-245 table of all species molal concentrations
NAMES(i) up to 9 columns of species names on a line
Jj. SPMOLES(1,j)/ | jth beaker and species molal concentration
ACONST(1)
247- 1], IONICST(J) jtP beaker and ionic strength
262
EH(j) the Eh (an option which is not supported in FMT 2.0)
DV(j)*1.d3 titrant volume
PHVECT(j) pH of solution
9.4 MOLES
The titrate secondary output files are TITRATE and MOLES.
Available for diagnostic purpose, the MOLES file, a secondary output file for the titrate problem, #%

contains the equilibrated concentrations of the initial solution. The MOLES file should be deleted
after each execution of FMT.

Table 30 describes a MOLES file generated by FMT. The “Line” column refers to the line
numbers listed in Np_NaCl_BM_LOG.MOLES. (No printouts for Np_NaCl_BM_LIN.MOLES
and Np_NaCl_BM.MOLES are appended to this manual.) '

Table 30. MOLES File Description (See Appendix U for sample listing of
Np_NaCl_BM_LIN.MOLES.)

Line | Variable Name Description
1-3 TITLE99, problem title and CHEMDAT identification
DBASE],
DBASE2
5-28 | ELNAMES(), listing of the elements, elemental abundances for injected solution (buret) and

ELTOTAL(,1), initial solution (Erlenmeyer) as read from the INPUT file
ELTOTAL(,2)

30-53 | ELNAMES(i), after reading the INGUESS file for species abundances, if requested, and
ELTOTAL(,1), equilibrating both solutions the listing of elements, elemental abundances of
ELTOTALC(1,2) the injected solution and the initial solution before any titration begins
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55-170 | NAMES(1), listing of the species, the injected concentrations and the initial concentrations
IJCONCS(i,1),
IJCONCS(.2)
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11.0 APPENDICES

Note

The numbers to the left of each line in Appendices A through U are not actually present in
the files and screen displays; they are used solely to reference the lines in this guide

Not’e

The sample files and displays provided in Appendices A through U are examples only.
They are not necessarily representative of files used to support the 1996 WIPP PA
regulatory calculation.
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Appendix A: Sample Screen Display of BATCH_DOC

Appendix A: Sample Screen Display of BATCH_DOC

| See Table 1 for explanation of this screen display.

Enter chemdat file name to search on: mp_am
~ Enter rhomin £ile name to search on: np_am
«Enter input file name {withou: extensignj: batch_dac
L ¥OMS-I-LIBIS. library is WPSNONPA_CMSROOT: [FMT)
+ SCMS-S-LIBSET, library set
i -CMS-I-SUPERSEDE, library list supersedec

» Elements in OMS Library WPSNONPA_CMSROOT: [FMT]

FMT_HMW_NP_AM .CHEMDAT "Initial load*
FMT_HMW_NP_AM_F60.CHEMDAT ~Initial load®
i Select CHEMDAT name from last abcve: FMT_HMW_NP_AM,CHEMDAT
T Your S library list consasts of:
e WPSNONPA_CMSROOT: [FMT]

. $CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT]FNT_HMW_NP_AM CHEMDAT fetched

7% Elements in CMS Library WPSNONPA_CHMSROOT: [FMT]

;> FMT_HMW_NP_AM.RHOMIN *Initial load:

Ut Select RHOMIN pame from list above: FMT_HMW_NP_AM.RHOMIN
“ Your CMS library list consists of:

7% WPSNONPA_CMSROOT: [FMT)

©t %CMS-S~-FETCHED,

image name: “FMT_FMT2P0-

image file identification: *PROD PASE"
image file build identification: "*
link date/time: 21-DEC-1995 11:36:28.86
linker identificatiom: "All-14*

Entering Subroutine READDRT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to nDG_SYPASS

[ .FD,TITRATE]BATCH_DOC.in; to illustrate/document "BATCH® runs

DATABASE: HMWS4/FWES; Np(V)-Na-CO3-0OH-CL-ClO4 (NRS4);

95.01.31 Am(III)-Na-Cl-CO3-S04-PD4 (FRSRBS.FRFS0,PS1, RFFRS2, RFF94,RRFF34}

“; Accuracy of reactions is 1.0000E-06
4@ Minimum elemental abundancs is 1.00Q0E-18
“Z Number of Agueous Species is 50

ACTIVITY COEF. FLAG PITZACT
4 using PITZER ACTIVITY COEFFICIENT model
‘3 Charge Balance replaces elsment Oxygen

4% Exiting Subroutine READDAT

Char Flags: FLOW/BATCH/TITRATE BATCH UNUSED
this is a BATCH prcblem
Eche of Mole Specifications: nMCLES nEXACT

"5 ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
2 110.222364000000 Hydrogen

:f 55.1654821000000

©.200000000000000

1.0000000000000C0E-002
1.000000000000000E-003
1.000000000000000E-004
0.110000000000000C

1.000000000000000=-003
1.000000000060000E-004
0.00000000000C000E+D00
0.000000000000000E~C00
0.00000000C000000E+000
1.000000000000000E-007
©.0000000000000002+000
0. 000000000000000E+000
©.00000000000000CE+D00
3 0.000000000000000E+000
s 0.0000C00000000C0E+C00
0.05000000000000CE+CO0
0.0000000000C0000E-000
<« 0.0000000000000CCE+00C0
*: 0.000000000000000E+DO0

LLT. (MINABU=I . d-6)
LLT. (MINABU+*1.d-6)

Oxygen
Sodium
Porassium
Magnesium
Calcium
Chlorine
Sulfyr
Carban
PosIon
NegIon
Air

Boron
Bromine
TracerEl
TE{IV)
Ar{IlI)
TwvI)

N (V]
Clo4~{EL}
Phosphorus

Electron
4.906053920000000E-017 Charge
_LT. (MINABU*1.48-6) moles NaBO2 NaCl.2H20_  Teepleite_(20_C): deliswitch
.LT. (MINABU*1,d-6) moles NaB5OB.5H20_____Sodium_Pentaborate; del&switch
LT. (MDNABU*1.d-6) moles NaCH{agl...... to.titrate,base.only; del&switch
.LT. (MINABU*1.d-6) moles HCllag)......- to.titrate,acid.only: del&switch

moles K2B407.EH20___K-Tetraborate_{30_Ci: del&reopt
moles B4OS5(OH}4=

BA4OS5 (OH) d4=; delarecpt

generation 1 of element WPSNONPA_CMSROOT: [FMT] FMT_HMW_NFP_AM.RHOUMIN fetched
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T .LT. (MINABU*1.d-6) moles KBHE(SO&I7____ _ _______ Misenite: delireopt
4 LLT. MIMABU*1.d-6) moles KBHA(CO3)6.3H20__ K-Sequicarbonate; delaswitch
“. .LT. (MINABU*1.d-6) moles BIO3(OH)4- B303(OK)4-: delaswitch

i LT. (MINABU*1.d-6) moles Cad4Cl2(OH)6.13H20_ CaOxychloride A;

‘:I .‘.lll‘.'-'lmmﬂ PRODUCT VIOLATION®***t+escsevcas
cee MZIOH)2 Brucite == 1.00E+01 **

severcsseecsSOLUBILITY PRODUCT VIOLATION®®®s=®=s==tes

wi ** Mg2CLIOH)3.4H20 MgOxychloride *+  €.6%9E+00 **

-~ 2 Solubility Product Viclations

.- Adding solid Mg{CH)2 Brucite
opmH = -logim(He)) = 12.7140

*pH = -loglaiH+}] = 12.8532

* Toral Diagonal Inversicns 85
- . Total Stoichiometric Regptimizations 10 .

% SINGLE BATCH EQUILIBRATION CCMPLETED

deliswitch




FMT, Version 2.0
User's Manual, Version 1.00

WPO # 28119
November 17, 1995

Page 99

Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

{ See Table 3 for explanation of this screen display.

]

Enter chemdat file name to search on: np_am
7 Enter rhomin file name to search on: np_am
‘Enter input f£ile name (without extension}: np_nacl_bm_log
< ¥CMS-I-LIBIS. library is WPSNONPA_CMSROOT: (FMT)
~ $CMS-S-LIBSET, library set
i ~CMS-I-SUPERSEDE, library list superseded

~ Elements in OMS Library WPSNONPA_CHSROCT: [FMT]

. FMT_HMW_NP_AM.CHEMDAT "Initial locad"
* FMT_HMW_NP_AM_F60 .CHEMDAT -Initial load"

"% Select CHEMDAT name from list above: FMT_HMW_NP_AM.CHEMDAT
7 Your OMS library list comsiscs of:

‘ WPSNONPA_CMSROOT : [FMT)

' 5 WCMS-S-FETCHED, generaticn 1 of element WPSNONPA_CMSROOT: | FMT)FMT_HMW_NP_AM.CHEMDAT fetched

% Elements in (MS Library WPSNONPA_CMSROOT: [FMT)

3 PMT_HMA_NP_AM.RHOMIN *Initial lead*

I Select RHOMIN name from list above: FMT_HMW_NP_AM.RHOMIN
! Your (MS library list consists of:

‘% WPSNONPA_CMSROOT: [FMT)

24

image name:; “FMT_FMT2P0*

image file identification: "PROD PA96"
image file build idenrification: **
link date/time: 23-DEC-1995 11:36:28.86
linker identification: “All-14"

<. Entering Subroutine RERDDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to pDG_BYPASS

Benchmark TITRATE Problem, LOG10 option: Np(V)0z with COJ in 5.61lmolal NaCl
DATABASE: HMWB4/FWBE: Np(VU)-Na-CO3-OH-C1-Clo4 (NRS4):

95.01.31  Am(III)-Na~Cl-C23~S04-PO4 (FRSR8Y,FRF90, P91, RFFRIZ, RFF34, RRFF94)

WCHMS-S~-FETCHED, generation 1 of element WPSNONPA_(ISROOT: |FMT]FMT_HMW _NF_AM.RHOMIN fetched

FMT V2.0

Accuracy ¢f reactions is 1.0000E-06
¢ . Minimum elemental abundance is 1.0000E-18

47 Number of AgQuecus Species is 50

ACTIVITY COEF. FLAG FITZACT
“:using PITZER ACTIVITY COEFFICIENT model
“% Charge Balance replaces element Oxygen

~Z Exiting Subroutine READDAT

~} Char Flags: FLOW/BATCH/TITRATE TITRATE EXPLICIT
“this is a TITRATION prcblem

= Character Flags: J.C. nMOLES nEXACT

" Character Flags: I1.C. nMOLES nEXACT

4 TEMP is an unused local variable 180000.100000000

TITRATION option requires delza(x)}=0.Cl meters
Defining deltai{x) as such

DIFFUS Parameter UNUSED= nDIFFUS

{ . CONVEC Parameter UNUSED= CONVEC

{ ° SSDIFF Parameter UNUSED= nSSDIFF

< RESTART Parameter Value Read = nRESTART
. UNUSED Parameters nPUSHPULL nMULTINT

% UNUSED parameter FRAC FLO

TITRATION Problem:

=) Assigning all deltaiy) teo 0.1 =

-) Setting # of nodes in Y-direction to 3
-) Setting NONREACTIVE Porosity to 0.0

Char Flags UNUSED UNUSED RHSFDIF LHSFDIF
Z Char Flags UNUSED UNUSED nMOLES nEXACT

-TEMP is an unused local variable  9.999999993993999E-021
7% Character Flags: VPOROS FRFLASH VPOROS FRFLASH
Eaal

* ! Specifying VARIABLE POROSITY for TITRATION Problem

“. character Flags: VAR_AQ RHO VAR_AQ_RHO FRFLASH
it
7' Agueocus Density is a Function of Composition

.\.’ﬁ\_ i
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S iChar Flag is UNUSED: NO X DIFF nNO X DIFF
Char Flag is UNUSED: UNIFORM UNIFORM s

> MINERAL DENSITIES. XG/M"~3, IN FILE "RHOMIN®

¥

ol = -logim(H+]] x 11.6199
pH = ~legia(H+}) = 11.7497

DipmH = -loglm(H+)) = 5.9141
“.pH = -loglalH+]] 2 5.3205
“7 TITRATION Character Flags
o cduml= TITRATE cdum2= LOGLO
e First Volume Added = 2.10 mL
vy Final Volume Added = 10.00 mL
* pmH = -logim{He)] = 5.9141
SZpH = <loglatH+)) = 5.3205
e = -log(miM+)) = 6.2186
Y ipH = -loglaiHe)) = $.64351
CtpmH = -logmiHel]) = 6.5€70
L. pH = -log{a(H+}] = 5.9536
‘LipmH e -loglm(He}) = 8.5360
pH = -loglafH+}) = 7.9427
poH = -log(miHe+)] = 5.4653
‘ipH = -logiaiH+)] = 8.8722
T pmH = -loglmiHe)] = 9.815¢
(" pH = -logla(H+}] = 5.2225
pmH =z -log[m{H+}) = 10.0620
I pE = -logla(H+)] = 9.46395
TllipmH = -log(miHe}] = 10,2640
ZpH = -logla(H+]] = 9.6719
T ipmH = -logimiHs)) = 10.4406
TTipH = -loglalH+)] = 9.8403
1 pmH = -logim{He)] = 10.6002
pH = -loglafHe]] = 10.0058
poH = -loglmiH+}] = 10.7468
pPH = -loglaiH+)] = 1C.1578
lpmH = -loglmiH+)) = 10.8825
LripH = -logialH+)] = 10.2355
" pmH = -leogim(H+)] = 11.0086
pH = -loglafH+)) = 10.4243
CpeH = -log{m(H+}] = 11.135%
'« pH = =logla{H+)]) = 10.5454
paH a2 -log[m(He)] = 11.2341
pH = -loglaiHe+)) = 10.65%4

* End of AutoTitration Probiem
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Appendix C Sample Screen Display of Np_NaCl_BM_LIN

Appendix C: Sample Screen Display of Np_NaCI_BM_LIN

Note
Lightened text same as screen display provided in Appendix B.

See Table 3 for explanation of this screen display. B

€ layher T3t e L ST . nifes: A &
I Enter input £ile name (without extensicn): np_naci_bm lin

tion: Np(V)02 with CO3 in 5.61molal NaCl FMT Vz. o

e aeps mme L mse eme.  BEpE, LT,
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Do, Seek TR NI RS ez

*! TITRATION Character Flags

=“ cduml= TITRATE ccum2= LINEAR
First Volume Added = 0.20 mL
Final Volume Added = 1.40 mL
TlpeH = -log(miR-)] = 5.9141
“upH = -logla(H+)) = 5.3205
vipmH = «=log(mlHe}]) = §.2286
“'pH = ~log{a(H+)] = 5.8451
opmH = -log[miR+) ] = 8.4116
opH = -log(afHe)] = 7.5183
opmd o= =loglmiH+)) = 8.5098
S pH = =logla(He)] = 8.9167
pmH = =log[m{H+1] = 9.7506
PH = =logla(H+}] = 9.1577
proH = -log (miH+)] = 9.9569
“ N pH = -lpgla{Hs}) = $.3641
CipmH = -log[m{He) ] = 10.0747
LpH = -loglalR+)]) = 9.4821
P pmH o= ~logfm(+)] = 10,1656
s pH = -loglaiH+)) = 9.5733
pmH = -log[m(He)] = 16.2395
‘< pH = ~log{a(H+|} = $.6473
T pmE = -log(miHe]) = 16.3015
“LpH = -logla(H+)) = 9 .7095
rpmH = -logimiH+)] = 10.3%48
I pH = ~loglalH+]] = 9.7631
i pal = =log(miHe)) = 10.4016
+pH = =log[a(H+)] = 9.8100
o pmH x -log{miNe)] = 10.4432
UL pH = ~legla(He]] = 9.8517
CLpeH = -log(m(He}] = lc.4804
P pH = -loglaiH»)] = 9.8832
Tl pmH = ~loglmiH+) ]} = 1p.5142
"z pH = -logla{H+)] = 9.9232

T Bnd of AutoTitraticn Problem
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Appendix D Sample Screen Display of Np_NaCl_BM
Appendix D: Sample Screen Display of Np_NaCl_BM

Note
Lightened text same as screen display provided in Appendix B.

| See Table 3 for explanation of this screen display.

L Enter inpu

P
)
&,
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% TITRATION Cha.raétez Flags

i%  cduml= TITRATE coum?= ASREAD
“ reading titrant volumes from imput file
First Volume Added = 0.10 mL
Final Volume Added = 10.00 mL
“SpmH = -log(m(H+)} = 5.9141
“iIpH = -logla({H+)] = 5.3205
‘o0 pmH = -loglmiH+)) & 6.2386
I PH = ~loglaiH+)] = 5.6451
poH = -log(m(H+1] @ 6.5870
BH = -~logla(H+)] = 5.9936
‘LipmH = -log{m(H+)] = 6.B8286
L pH = -logla(H+)] = 6.2353
pmH = -logim{H+}] = 7.29130
pH = -logla{H+}] = 6.6%96
GO pmH = =log miHe}) = 8.5359
"wipH ® -logla(H+)) = 7.9427
‘L pmH = =log(m(He) ] = 8.9250
‘U pH = -log(a(H+]] = 8.3317
pmH = -log [m(H+)] = 9.1587
pH = -logfa(H+)) = 8.5653
“ e pmH = -log(m(H+) ) = 9.3098
1 pH e -logla(H+)] ® 8.7168
“peH = -logimi{H+)) = 5.4653
{": pH = -logla(H+)] - 8.8722
“pmH = ~loglm(H+)) & 5.8154
T epH = -logla(H+)] = §.2225
TripmH = «loglmiHe)] = 10.0620
o' pH s -loglafHe)] = 9.4695
L pmH = -logim(H+)] = 10.4406
“pH = -logla(H+1] = 9.8493
~pH = -logimiH+}]) = 16.8825
T pH = -logla(H»}] = 10.2955
prH = -loglm(H«}) = 11.2341
‘i pH = -logla(He)] = 10.6554

11 End of AutéTitration Problem
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Appendix E: Sample Input File “BATCH_DOC.IN”

See Table 4 for explanation of this listing. ]

" [ .FD.TITRATE]BATCH_DOC.in; to illustrate/document "BATCH" runs'
'CHEMFILE"®

'BATCH', 'UNUSED'

'MMOLES', ‘mEXACT',
.10222364E+02 Hydrogen
.51654821E+01 Oxygen
.0000C00O0E-O1 Scdium
.00C00C00DE-Q2 Potassium
.00000000E~0D23 Magnesium
.00000000E-04 Calcium
.10000000E-01 Chlorine
.C000CQ00E-C3 Sulfur
.000D0C0O0E-C4 Carbon
.0C0C0D0CE+0D Poslon
.0000000CE+00 Neglon
.00000000E+DD Air
.00000000E-07 Boron
.00000000E+00 Bromine
.0000000CE+00 TracerEl
.000000C0E+00 Th{IV)
.00000000E+00 Am(IIT)
.0000000CE+Q0 U{vI)
.00000000E+00 Np {V)
.00C00000E+0Q Clo4~{EL}
.00000000E4CD Phospherus
.00000CCOE+QO Electron
.890605382E-17 Charge T

OO oOO0O OO0 0O OOORPRRE DU
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Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN”

{0 See Table 5 for explanation of this listing.

‘Benchmark TITRATE Problem, LOG10 option; Np(V)0OZ with CO3 in 5.61molal NaCl-

'CHEMFILE'
'TITRATE', 'EXPLICIT’,

'"NMMOLES', 'nEXACT’,
.11017363E+02 Hydrogen
.15086815E+01 Oxygen
.61000D00CE+QO Sodium
.00000000E+0C Potassium
.0000000C0E+QO Magnesium
.00000000E+00 Calcium
.61000000E+00 Chlorine
.00000000E+0CO Sulfur
.00000001E+00 Carbon
.0000C000E+00 PosIon
.00000000E+00 Neglon
.00000000E+00 Alr
.00000Q00E+00 Boron
.00COC000E+D0 Bromine
.00000000E+0D Tracerkl
.00000000E+00Q Th(IV)
.00000000E+0Q0 Am(III)
.000000C0E+0CQ U(vI)
.00000000E+00 Np (V)
.00000000E+GO Cl104-(EL}
.00000000E+00 Phosphorus
0.00000000E+0QQ Electron
-2.22044605E-15 Charge

OO0 0O0O0O 00000 OoOONORFRFROOO UV

'nMOLES®, 'nEXACT',
.11018363E+02 Hydrogen
.05508682E+02 Oxygen
.56100000E+01 Sodium
.00000000E+00 Potassium
.0000C000E+00 Magnesium
.C000000Q0E+CO Calcium
.61100000E+00 Chlorine
.0000000C0E+CO Sulfur
.0000000C0E+01 Carbon
.00000000E+CO PosIon
.00000000E+0QC Neglon
.0000000CE+CO Air
.00000000E+00 Boron
.00000000E+0D Bromine
.0C0C0000E+CO TracerEl
.00000C0CE+00O Th({IV)
.00000000E+00 Am(III}
.00000000E+0Q0 U(vI)
.00000000E+01  Np (V)
.00000000E+00 Cl04~(EL)
.00000C00E+00 Phesphorus

N
OCOHOOO0OO0O0O0OO0OOQQOHOWMOOQOK KR
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Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN"

0.00000000E+D0 Electron
-2.37316632E-15 Charge
15 2.2543 0.002540 1.80000145
'nDIFFUS",
'CONVEC',
'nSSDIFF’,
'NnRESTART',
‘nPUSHPULL ', 'nMULTINIG ',

20 1 20 'nLOTS*' 10
'nTGRAD' 'LINEAR'
'FRAC FLO' 'nTWO PHASE' 'nMASS TR'
3

0.180 0.240 0.34¢0

1.4-7 0.40 0.182%140 0.2d0 0.4d0

‘nMOLES' 'nEXACT'

OO0 00O 0000000 ODOODOO0ODO0O0OCOOWL =

-11017364E+02
.55086820E+01
.G0000000E+0OD
.0000D0DCE+DD
.G0000C00E+OC
.00C00000E+DD
.0000000CE+0Q
.0000C000E+0D
.000000C0E+DD
.00000000E+CO
.00000000E+00
.00000000E+00O
.00000000E+CO
.0000C0C0E+DD
.00000000E+CO
-00000000E+0D
.C0000000E+0O
.0000000CE+00
.000000C0E+00O
-00000000E+0Q0
.00000000E+0C
-00000000E+Q0
.00000000E+00

'RHSFDIF'

'nDXVARIABLE"

Plain old pure H20

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carben
Poslon
NeglIon
Air

Boron
Bromine
TracerEl
Pu(III)}
Am(III)
U(vl1)

Np (V)
Cl04-(EL)
Phosphorus
Electron
Charge

1.d-12 1.4-20
"VPOROS* 'FRFLASH'

'*VAR_AQ RHO'
‘nNO X DIFF',
‘UNIFORM', O

1074.940

(Eracture, matrix permeabilities)
(NOFLASH or FRFLASH, default is all flash)

*TITRATE', 'LOG10',0.1d40,10.40, 'nINJSOLIDS"

'LHSFDIF"®
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Appendix G: Sample Input File “NP_NaCl_BM_LIN.IN"

Appendix G: Sample Input File “Np_NaCl_BM_LIN.IN”

Note

Lines 2 through 98 in this file (lightened text) same as lines 2 through 98 in file provided in
Appendix F (NP_NaCl_BM_LOG.IN). ‘

| ‘ See Table 5 for explanation of this listing.

- 'Benchmark TITRATE Problem, LINEAR cption; Np{V)02Z with CO3 in S5.6l1lmclal NaCl®
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Appendix H: Sample Input File “Np_NaCI_BM.IN"

Appendix H: Sample Input File “Np_NaCIl_BM.IN”

Note

Lines 2 through 98 in this file (lightened text) same as fines 2 through 98 in file provided in
Appendix F (NP_NaCl_BM_LOG.IN). : ‘

[ See Table 5 for explanation of this listing. |

- 'Benchmark TITRATE Problem, LINEAR option; Np(V)02 with C0O3 in 5.6lmolal NaCl®
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Appendix H: Sample Input File “Np_NaCl_BM.IN"

)
FR
LS S A ]

£n g s

~
Foans e £
et

R |

PR R

ol T Yo e L T U

‘TITRATE', 'ASREAD',0.140,10.40, 'nINJSOLIDS"

0.10000
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Appendix H: Sample Input File “Np_NaCl_BM.IN"

.14251
.16
.18
.20309
.22
.24
.26
.28943
.41246
.58780
.1938
-4551
0.000

HPFWhRoOoOOODOOoOOOOOo
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Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

I.1 Listing

| See Table 23 for explanation of this listing. ]

'DATABASE: HHWBA/FW86; Np(V!-Na-CO3-CH-C1-Cl04 (NR94) ;-
©'95.01.31 Am{IT1)-Na-C1-C0O3-504-P04 (FRSRBD,FRF30, P21 RFFRY2, RFF94 RRFF54) "
£ 23 115 'ANEW T' ‘nACTCOEF' 'aECHO' 'nASCD*
- 200 1.d-6 1.d-18
- 'NONE' 298.15 1.80 1.40
4 'Hydrogen' ‘'Oxygen' 'Sodium' ‘Potassium’ ‘Magnesium' ‘Calcium' 'Chlorine’ ‘Sulfur' ‘Carben' 'PosIen’
* ‘Neglon® 'Air‘ 'Boron' ‘Bromine’ ‘TracerEl' 'Th{IV)' ‘Am{III}’ "U(VI)' "Npi{V)' *ClO4-(EL)'
: ‘Phosphorus' 'Eleccron' ‘Charge’
“*1.0079 15.9994 22,58977 39.0983 24.305 40.08 135.453 32.06 12.011 0.0 0.0
u 28.84 10.81 79.904 0.0 232.0381 243.0 238.029 237.0482 59.4506 30.574 0.0 0.0
4 'H20 WATER® 2 1000000 C00000R0C0O00CCOO0D0 O 1 -95.6635 HMWEZ
T 'Na+ Na=' 00 10000000000GD00000C0C 1 1 ~-105.651 HMWEL
“eUKE K+' Q0020000000000 0000C000CO0C 1 1 -113,957 HMWE4
T rCa+s Cas+’ 000 GO L OO QC0O0COCOCOOCQQ0C0 2 1 -223.3¢ HMwEd
‘Mg+- Mg++' 000 0100000C00000000000 2 1 -1B3.468 HMWEBS
' MgCH+ MgOH+* 1100100000000 00000G0C00C0 1 1 -251.94 HMWE4
D H+ H+' 1000000000 C00QO00000CGO0D00 1 1 0. HMWE4
€l-* 000 CODO0C10D0O0000QC0C00C000C0 =1 1 -52.858% HMWE4
5045 0400000200000 0CO0O00Q0Q0G0CO0 -2 1 -300.386 HMW84
HSO4-" 1 4 000COXL00QCO0OCQODOOCDO0GO -1 i -304.942 HMWE4
QE-'' 1100000000000 0000DD0000 -1 1 -63.43% HMWB4
HCO3-° 230000001 000C000000000 -1 1 -236.752 FMWB 4
Coi=* 0300000010000 0GO0000000C0 -2 1 ~212.944 HMWES
*C02 tag) CO2{ag)' 0200000010000000C00Q000C0 O 1l -155.68 HMWE4
J rCaCO3 fag) CaCO3{aq)- 03 0001001000000 000C0C0 0 1 -443.5 HMWE4
*MgC0oi{aqg) MgCO3{ag)' 0 3 00 1 001000CD0 cocoCco O 1l -403.155 HMWE4
~7 'B{OH) 3 {aq) BEf{OH)3(ag)' 3300000000081 0C¢00000C00 O 1 -390.81 FWB6
- 'B{OH) 4~ BIOH)4-' 4 4 DCO0OCO0O0D000C10C000000G0 =1 1 -485.20 FW8e
'B303 (OH}4- B303(0OHI4-' 4 Y0 Q00 Q000003 0Q0CCO0D00000 -1 1 -963.77 FWB6
‘B40S (QH} 4= BYOS{QH)4=" 4 9000000 0000C4000000CG000 -2 1 -3239.10 FWBE
*CaB(OH) 4+ CaB(OH)4+' 4 400010000001 0Q200000000 1 1l ~692.30 FW8E
"MgB{OH} 4+ MgB{OH)4+' 4 40021 0DO0DDOCDO1l1ODOODOOODD 1 1 -651.89 FwWBE
‘Br- Br-' 0 0000000000002 00000000 -1 1 -999.5% arbitrary
'Clo4- perchiorate Clo¢-" 0 Q 0 000000 O0CDDOCOOOO0200-1 1 -999.99 arbitrary
27 'NaQH(agl.. ... to.titrate.base.only' 11100 00000C00000000000 0 1 500, arbitzary
5 'HCliag)...... to.titrate.acid,enly’ 10000 010000000000000CD0 0 1 500. arbitrary
<t 'HQLOQA (aq) to.titrate.acid.enly' 300 COCQ0CQCO0QODO0OC0CO0CD1C0 O 1l 500. arbitrary
................ POSITIVE.ION' 0 0 QOO0 OQCCOC10000000C00000 1 i WU arbitrary
................ NEGATIVE.ION' 0000 DOOQOCO0100CQOOCDODO0GCT -1 1 0. arbitrary
..... to.titrate.base’ 1 1 0 Q0 0CO0OC1000000C00000 0 1 500. arbitrary
‘HNegIon(ag)........ to.titrate.acid’' 1 00 00D COPCO1lO0OCOOQOCODDOD O 1 500. arbitrary
‘Traceriagl..... conservative tracer' 0 00000 0QOQOC0CO0QO0O0C0COQ1IOQOOO0COC0CD0 D 1 O arbitrary
'H3PO4 (aq) HIPOd{ag) ¥ 4000 000CO0000BO00O00C0O10 © 1 -460,90 RFFS2
'K2ZPC4- H2PC4-' 2 4000000 000D0CO0OD0D0DCO1L10 =1 1 -455.96 RFF3Z
'BPC4= HRQ4=' 1 4000000000000 00000C0C1C0 -2 1 -429.367 RFF94
' PO4=- PO4=+' 04 0000000C0OCO0CO0O00CO0D010 -3 1 -410.947 RFF94
*NpG2+ Npl2+* 02000000000C000000310C0C0C 1 1 -369.127 NERI4
*NpO20H (ag) MNpO2CH{ag}' 13000000000C00000020C00 D 1 -438.518 NER94
“NpO2 (OH) 2- NpO2(OHI2-' 2 40000000C0GO0DCO0D0D01000 -1 1 -505.82% HER34
“NpO2C03- RpO2COAI-" 0 5000000100000 0C001000-1 1 -594.492 NaR34
23 "Np02(C03)2=- NpO2{CO3)2=-" 0 80 DQPO0CO20000000CGDC100C0 -3 1 -808.403 NERS4
7 NpOZ(CO3) 3==- NpO2{CO3)3==-" 011 00000030000 0D00CD1J00-5 1-10319.918 N&R%4
Ames+' 0 00O 00 0CQODOCOCO0OCQOOXIO0OCCO0 3 1 -241.654 FRF20
AmCO3+' 0 3000CO0C0D010O0CDO0OO0O0O0OZCOOOD0 1 1 -472.060 FRF%0
‘Am{CO3 12~ AmM(CO3I2-* 060000002 2Z2C00000CQ0200000 -1 1 -695.880 FRFI0
"Am(CO3) 3=~ Am(CO3)13=-' 0990000003 C0C0000100C600 -3 1 -915.460 FRFI0Q
“Am(OH) 2+ MU{OHIZ+ 2200000000000 0001000200 1 1 -393.847 RFFR92
*Am{OH} 3 {aq) Am{QH)3(ag)' 3 3000000000000 0Q0Q0QXCQCCO0D D 1 -462.950 RFFRS2
T Pht et Th++++' 8 0 0008 0C03000000C10000C00 4 1 -999.99 arbitrary
Y T2 DivIioZ«» 02 000000000000 CO0O0C1O0OC0CCO0 2 1 -995.99 arbitzary
Kl
©7 'NpO20K (aged) NpO20H{aged) 13 000C00C00QO00C00000CL0D0 O 2 -~454.010 N&R94
S 'NpQ20H[amex) MNpO20H{amer)* 1 2 000000 C0CO000D0000100C0 D 2 -452.642 N&R94
71 'NaNpO2C02 (5] NaMpO2CQi(s)" 051 0000010000000001000 ¢ 2 -713.707 N&R%4
7™ 'Na3NpO2(CO3)2(s)_DISABLED DISABLED' 0D & 3 0D 000C20000C000001000 O 2 999.99 arbitrary

e
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} *ARGHCO3 (€} ATOHCC3(c)' 14 000000100000002100000 0 2 -569.980 FRFS0
'Am(OH} 3 (s8] Am(ORIZ(st* 2 28 p0000000PDPOROOD1IODOODODD B 2 -452.294 FRERBO
"NaAm(C03)2.6H201(c) r123i210000020000000100000 0 2 «1396.494 RRFF94
‘AmPO4 (g} . AMPO4{c!' 0 4 000 00CR2CODD0DO000C1I0O00010 O 2 -70%.750 RFF94
‘CasS04d Anhydrite' 0 400010220000000000000900 2 -523.73 HMWE4
‘NaK3{$04)}2_ Aphthitalite/Glaserite’ €0 E 13 00020000CC000C00C000 2 -1057.05 HMWEB4
‘cacl2,6H2C_ . Antarcticite' 12 £ 000 12000HD0C0CO00C00Q0000C0C 2 -891.65 HMWEB 4
‘Ccacod Aragonite’ 0 3 00010010 0D00CDOCO0O0000 2 -455.17 HMWB4
*K2504 Arcanite’ ¢ 402000108 000¢0600000000 2 -532.39 rareBe
‘MgCl2.6H20____ __ Bischofite' 12 6001 0290C0060000000C0000 2 -B531.1 HMWE4
‘NaZMg(SC4)2.4H20_ ~  PBloediter 812201 0020000000000C0000C0 2 -1383.6 HMWE4
‘Mg {0H) 2 Brucite' 2 2001 0000000000900 0C0000 2 -335.4 HMWE4
'NabCO3 (50412 Burkeite' 011 6 0000 210000C0C000O0O0CC0CD0 2 -1445.4 HMWE4
‘Cares3 Calcite’ 0 300010010000 0C00QCO00OQ0QO0O0C0C 2 -455.6 HMWE4
'CaClZ . 4HZO, cacl2 Tenrahvydrite® B 4 0001200000000 0C000000 2 -698.7 HMWE4Q
‘CadCl2(OH)6.13H20_CaDxychloride A' 32 139 000 42 000000000000 C000 2 -2658.45 HMWB 4
‘Ca2ClZ2{0H}2.K20____CaOxychiopide B* 4 3 000220000020 0000000000 2-778.41 WA
‘KMgCl}.6H20_  _ Carmallite' 12 6§01:103€000000000C00000 2-1020.3 HMWEL
*Mg804 . TH2O, Epsoemire’ 14 11 00100100 0000000000000 2 -1157.83 HMWB4
CCaN&2(C03)2.5H20_ Gaylussite’ 1011 2001002000000 000000040 2 -1360.5 B4
*Na2Ca(s0412 Glauberite' 0 82 0010200000000 000000C0 2 -1047.45 HMWE4
*Casod . 2H20, Gypsum' 4 6000101000000 00000G000 2 -725.56 HwWaq
‘Nacl Halite' © 010001000000 0C0C0000000 2 ~-154.99 HMWS4
"MgS0d L EHZO, Hexahydrirte' 12 10 0 0100106000 C00CQ0000QCO0 2 -1081.60 HMWE §
'KMgClS04. 3H20 Kainice' & T 0110118000000 00000D000 2 -238.2 HMWB &
‘KRCO3 Kalicinite* 1 3 01000010 00000D00C0C00D00 2 -350.06 HMWE4
“MgS04 . H2O Kieserite' 2 500100100000 D000C000D00QCC 2 -579.80 HMWA L
FZMg(S0412.4H20 . Leonite' B 12 0210020000002 0C0000009 2 -1403.97 HMIW84
*Na4dCa(S04)3.2H20, Lalsile Salt' 414 400103 CCO0CQCO0C0GOCO00 2 -1751.45 HMWB S
'MgC0o3 Magnesite' © 3 0010001000CO0D00CO00QO0O0D00 2 -414.45 HMWE4

c "HMg2Cl{OH) 3. 4H2O MgOxychloride' 11 7 0020100000000 00000000 2 ~1025.6 HMWE L
1T - 'KHSO4 Mercallite' 1 4010001000000 000000000 2 ~417.57 HMwWE4

i "NaZso4. 1dH20, Mirabilite' 20 14 20 0 0010020000200 DO000CD0C 2 -1471.15 HMWB 4
'KEHE (50417 Misenite' €28 0B Q O0D7C00000O0C0DCCDDOGO 2 -3039.24 WA
*NalC03, Nahcolite' 1 31 0000010600000 CO0O0DO0O0CO 2 -343.23 HMWES
‘Na2C03.1C0H20 Natron® 20 13 2 00 00O D10Q00000DCQCOO0DOO0OQCDO 2 -1382.78 HMWB4
'MgC03 . 2H20, Nesquehonize' 6 6 0010001000008 0C0D0DC0C0 2 -695.3 HMWEB4
'K2Mg {SD412, 6H20 PicromeritesSchoen’ 12 14 0210020000000 00000000 2 -1596.3 HMWEB 4
‘Na2Ca(C0312.2H20 Pirssonite' 4 B2z 001002000000 00C0Q0C0CO0CO0 2 -1073.12 HMWE4
'K2Mgta2 (50434 .2H20 Polyhalite 4 18 021204000000000030000C0C 2 -2282.5 HMWB4
‘Ca(QHIZ Porrlandite 2 290001000 00PDDODODOOCRDOD 2 -362.12 HMWE
'K2C03.3/2H20__Potassium Carbonate’ 3 4.50200001Q00000C0 booo00Q0 2 -877.37 HMWEL
‘KBE4(CO316.3H20__ K-Sequicarbonate’ 1021 0 80000602000 0C0C000D0Q00 2 -2555.4 HMWE Y
‘KNaCQ3 . 6H20 K-Na-Carbonate’® 12 91 100¢01000C0C00000000C0 2 -1006.8 HMWB4
*KZNaH(CD3)2.2H20___ Potassyum Trona'® 5 B 1200002000000 0°¢0 0DO0OQOD 2 -971.74 HMWBL
“K3H{504}2__Sesqguipotassium Sulfater 1 B0 2000200000000 ¢o0oogQgo000D 2 -950.8 HMWE4
'NajH({S04)2___ Sesquisodium Sulfate' 1 3000020000000 00000C0G00 2 -319.6 HMW84
'NazZC03 . TH20 Na2CC3-Heprahydrate' 14 1020000031 00000000 d00p000 2 -1094,95 HMWE4
“KCl Syiviter & G £ 10 D1 DD0DDCODOODDOOODOOC 2 -154.84 HMWE4
'K2Ca (50412 K20 Syngenite' 2 9 020102000000C00000000 2 -1164.8 W84
'Mg2CACLlE.12H20____ Tachyhydrite' 24 12 002 1600000000000 00000 2 -2015.9 HMWB4
‘Na2s504 Thenardite' 0 4 2000C100000C0CC0CO0CO00DCO0COCO0 2 -512.35 HMWEB4
‘Na2CO3.H20_  __ Thermonatrite’ 2 42000060108 0000000000000 2-518.8 HMWB4
* “Na3E(C03}2.2H20 Trona' 5 830000020000 000060000C00 2 -90.38 HMwWE4
*Na2B407 . 10H20. Borax' 2017 2000000000400 C0000000 2 -2224.16 FWAG
"B{OH}3 Borix Acid Selid* 3 3 0000CO0CHODO0ODL1LO0O0Q0O00CD 2 -390.88 FWBS
“KB508 . 4R34 K-Pentaborare (30 C)* 81201000 000D005000000CQ00C0 2 -1770.26 FWBE
'H2B407 .4H2Q__ X-Terraborate_{30 C)' 211 02000000004 000Q00000000 2 -1663.47 FW86
‘NaBO2 . 4H20. Sodium Metaborate: 8 & 10000000001 000000C0C000 2 -761.42 FWEE
‘NaB508 . SH20, Sodium_Pentaborate' 10 12 1 00 0 0020000500 0C0C000000 2 -1854.80 FW86
'NaBQ2 .NaCl ,2H20___Teepleire {20_C1' 4 420001000 0010000000000 2 -125.97 FW86

. *nDG_BYPASS* 0

*PITZACT' ¢

13 #Cat Na, K, Ca.Mg,MyOH.H, MgB(OH) &+, CaBlOH) 4+, Ame++ AMCO3+, The+++, UOZ++ . NpO2+

20 #An: Cl,504,HS04,0H,HCO2,CO3,B(OH)}4,B302 (OH14, BAOS{OH) 4, Br . Am(C03 ) 2=, Am(C03 ) 3=+, C104-, NpG2 (OH} 2~ , NpC, Rp2, NpC3, H2P04  HPO4 , PO4
& #Neu (02,CaC03 MgCO3,BIOH)3, HIPO4

1 .076% L2644 .0 .oo127 Na+ Cl- HMWE4 (betal, betal, beta2, cphi)
i .01%58 1.113 -0 .Boag? Na+ S04= HMWE4

1 .0454 ~A2H -0 .0 Na+ HSO4- HMWE 4

1 .0864 .253 .0 . D044 Na+ OH- HMWE4

1 .a277 L0411 .0 .0 Nas+ HCO3- HwWa4

1 .0393 1.389 .8 L0044 Ma+ CO3x HM284

1 -.0427 .089 -0 L0114 Na+ B{OH)4- FWEE

1 -.056 -.910 0 .0 Na+ B3I03(0H}4- FWEe

1 -.11 -.40 .0 .Q Na+ B405 (OH) 4= FWBE

1 o .0 N .0 Na+ Br-

1 .o -£.37 .0 .0 Na+ Am(CO3)2- RRFF34

1 -.54 8.1 .0 L4A18 Na+ Am(CO3)3=- RRFF94, FRFI0
1 .DpE54 L2755 .0 -.00128  Na+ ClO4- P31

1 .0 .0 -a .0 Na+ NpOZ {OH}Z- NR%4

1 .161 .0 .0 .0 Na+ NpO2CO3- NR34

1 .407 ) i} .0 Ha= RpCZ(C03)2%- NRS4

1 1.97 16. .0 .0 Na+ NpO2(C0O3)3==- NRI{

1 -.0533 .0396 .0 .00795  Na+ H2PO4- Pl

1 -.0583 1.4566 .0 L0234 Na+ HPQ4= P9l

1 .1781 3.851 .0 -.05154 Na+ PD4w- P9l
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1 .0d83s L2122 .0 -.00084 K+ Cl- HMWEBY
1 .049895 STAYS .0 -0 K+ 504= HMWE4
1 =.0003 L1738 .0 0 K+ HSO4- HMWa 4
1 1298 L3280 .0 0041 E+ CH- HMWE &
1 .0236 -.01) ) -. 008 Fe BOG3I- HMAEL
1 .1488 1.43 .0 ~.0015 K+ CO3= HMWB 4
i D% .14 .Q .0 K+ B{OH}4- FWis
1,13 .0 .0 .0 K+ B303 (OH)4- FWBE
1 -.022 L0 .0 .0 K+ B40OS(OH) 4= FWES
i .0 .0 .0 .0 K+ Br-~
1.0 .0 .0 .0 K+ Am{C0O3)2-
L O v .0 .0 K+ Am(CO3)3=-
1.0 .0 .0 .0 K+ Cl04-
1 .0 Y .0 .Q He NpQ2{OH!2-
1 .0 0 .0 .Q K+ NpQ2C03-
L .0 .0 .0 K+ NpQ2{C03)2=-
1 .0 - .0 .0 K+ NpQ2{CO3}3==-
1 -.0678 -.1042 .0 .0 K+ H2PO4- P51
1 .p248 1.274 .0 .0164 K+ HPO4= P31l
1 .372% 1,972 .0 -.08680 K+ POg=- P51
1 .315% 1.614 .0 -.00034  Ca++ Cl- FMWB4
2,20 351873 -54.24 .0 Ca++ S504= HMWB4L
1 .2145 2.53 4 .0 Ca++ HSO4- HMWBA
1 -.1747 -.2303 -5.72 @ Ca++ OH~- HMWE4
1 .4 2.977 .0 .0 Ca++ HCO3- HMWB 4
2 .0 .0 0 0 Ca++ $03= HMWE4L
1.0 0 .0 .0 Ca++ B{OH)A~ FWEE
A 0 .0 .0 .0 Ca++ B3Q3(OHI4-  FWEG
1 .0 .0 0 .0 Ca++ B4CS(OHI 4=  FWB6
1l -0 P .0 .0 Ca++ Br-
1 .0 ] .0 .0 Caw+ AM{CO3}2-
I .0 .0 .0 -0 Cas+ Am(CO3) 3=~
1 .4511 1,758 .0 -.00500 Cas= ClOd- P51
1 .o .0 .0 .0 Ca++ NpQ2(CH)2-
1 .9 .0 .0 .0 Ca++ NpO2CCI-
3 .0 .0 -0 .0 Ca++ NpOZ{C03)2=~
3 .0 .0 .0 .0 Ca+s NpO2(CD3) 3==-
L 0 .a -0 .o Ca++ HPO4-
2 .9 .0 . .0 Cas+ EPO&=
a .t R L <0 Ca++ POd=-
1 .35235% 1.6815 < .00519 Mg+t Cl- W84
2 .2210 3,343  -37.23 025 Mg++ S04= HMWB4
1 L4748 1.729 ¢ .0 Mg+ HSO4- HMWE4
1 .t .0 .e .0 Hg++ OH- EMWEY
L: 325 L6072 .C .0 Mg+ HOO3- HMWEd
2 .0 ] .G .0 Mg++ CO3= HMWE 4
1 0 [} .0 .0 Mg+ B(OH}4- FWE6
1 .0 Q9 .0 .0 ¥Mg++ B303{0H)4- FW86
1.0 Q .0 .0 Mg++ BLOS(OH) 4=  FW8E
l .0 .0 .0 .0 Mg++ Br—
1 .0 K] .G N Mg+ AmM{CO3}2~
3 . .0 By Y Hg++ Am(C03)de-
1 .4961 2.008 N 005578 HMges ClO4- Ps1
3. of .0 .0 .0 Mg++ NpO2 (OH)2-
1 ¢ .0 .0 0 Hge+ RDOZCO3-
3 .0 -] .0 .0 Mg++ NpO2{CO3 2=~
3 0 .0 .0 .0 Mg++ NpO2(CO3) I==-
X1 .0 0 .0 .0 Mg++ HZPO4-
2 .4 . .Q .0 Mg++ HPOd=
1.0 .0 .0 .0 Myg++ POd=-
1 ~.10 1.658 .0 .0 MyOH+ Cl- HMWE4
1 .0 .0 -0 .0 MgOH+ SO4d= a4
L .8 .0 .0 .0 MgOH+ HSO4- HMWE4
L. O 0 .0 .0 MgOH+ DH- HMWEL
1 .0 9 .0 .0 MgOH+ HCO3- HMWE4L
1 .0 ] .0 .0 MgOH+ COl= HMAB4
1 .0 .a .0 .0 MgOH+ B (OH}4~
1 .0 0 .0 .0 MgOH« BIO3 (CH)4-
1 .0 0 .0 .0 MgCH+ BACS(CH) 4=
1 .0 +0 .0 .0 Mg+ Br-
i .0 .0 .0 .0 MgOH+ Am(CO312-
T 26 -0 -0 0 MgOH+ Am(QO3)3=-
1.0 .0 .0 .0 MgOH+ C104-
1 .0 .0 .0 N MgOK+ RpO2 (OH) 2-
1 .0 .0 .0 .0 MgOH+ NpO2C03-
1. .0 . .0 .e MgOHs NpC2(C0o3)2=-
1.0 .0 R .0 MgOM+ NpO2(CO3 ) 3==-
1. .0 .0 .0 MQOH+ H2P04-
1 .0 .0 .0 ) MgOH+ HPO4=
1 @ .0 .0 .2 MgOH+ PO4=-
% L2775 .2945 .0 .¢008 He Cl- HMWES
1 .p298 0 0 T EE-] H+ Sh4= HMWE4
1 .2085 .5556 .0 4 He H504- EMWE4
1, .0 [ ] 0 He+ OH- HMWE4
1 .0 (i .0 .0 H+ HOG3- HMWB4
1 .0 [ 9 ] H+ CO3= HMWS4
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H+ B{OH)4- FW84
H+ B1O3 (OH)4- FWB6
H+ B405(CH) 4= FWE6
H+ Br-
H+ AmM(CO3)2~-
H+ Am{CO3)3=-

0819 He ClO4- P91
H+ NpOZ (CH)2-
H+ NpO2CO3-
H+ NpOZ(CC3)} 2=~
H+ NDOZ(COY)3==-
He H2PO4-
He HPO4=
He POd=-

w0
w
=

co0oODoORC OO0

I T N T Py SR

boboorOoooOOOO
cCOPOUOONDODDOOO
ODOOOODODOOO OO0 Q

oo

MgBI(OH)4+ Cl- HMWE4
HMgB(QH)d+ S504= HMAE4
MgB{CH) 4+ HSO4~ HMWB4
MgB{CH) 4+ OH- HMABL
MgB(OH1 4+ HCO3~  HMWBA
MgBI(OH14+ CO3= HMWES
MgB(OH) 4+ B(OH)}4-

MgB (QH) 4+ B3O03 (OH) 4~
MgBiCH) 4+ B405 (0H) 4=
MgB (OH) &+ Br-
MgBIOH! 4+ AmM(CO3)2-
MgB{OH} 4+ Am(CO3}3=-
MgB(OH) 4+ C1l04-
MgB{OH] 4+ NpO2 (CH)2-
MgB (OH) 4+ NpO2C03-
MgBIOH) 4+ Np02({C03)2=-
MgB(0H) 4+ NpO2(CO3)3==-
MgB(OH) 4+ H2PO4-
MgB(OH)4+ HPO4=

MgB (QH} 4+ PO4=-

o

- - - - -]

CO0BOOUOOO0COToDRD oG

b0 ODoO0OBa0 O

[ U G U S O G P U PR N
R R - R R R - - - -

o

CaB(0OH)4+ Cl-
CaB(QH) 4+ 504w HMW84
CaB{OH) 4+ HSO4-  HMWE4
CaBlQH) 4+ OH- HMWB4
CaB (DH)4+ ECO3- HMW84
CaB(QH)4+ CO3= HMWE4
CaBloR} 4+ FI0H) 4~
CaB{OH) 4+ B303 (0H) 4~
CaB|QH) 4+ B4OS (CH) 4=
CaB{OH}4+ Br-

CaB(OE)4+ Am{CO3)2~
CaB{CH) 4+ Am(CC3) 3=~
CaB{OH) 4+ ClO4-

CaB{OH) 4+ NpO2 (OH) 2~
CaB (OH)4+ NpO2CO3-
CaB(OH} 4+ NpO2(CO3)2=-
CaB{QH)4+ NpOZ{CO3)Jl==-
CaB (OH} 4+ H2PD4-

CaB [OK) 4+ HPOd=
Can(OH) 4+ PO4=-

ocosoooooo

obbobobOOOBOOGoDORDO

CcDuooBAOOEODOOGD

B b e e e b bR R bR e b B e s b b S g
CORPOPOEODORNODOOODOOCDD

copoocomoOoOO

S.

'y
o
w
o

-0.0284 Ame+s Cl- FRSRB%
Amess SO&® RFF94
Amees HSO4-

Ame+s OH-
Amess+ HCO3-

¢ Amess CO3=

B{OH)&-

Am++s BIC3(OH)4-

Am+++ B4OS{OH) 4=

Amrese Br-

Ames+s+ ARm{CC3)2-

Am{CO3) 3=~

-0.0048 Amess CLO4- FRF90

Ame++ NpO2 10H) 2~

Ames+ NPO2C0O3- '

Am+ws NpO2{C03)2=- Tt

KpO2 (€03 ) 3me-

Amsws+ H2PO4- RFF34

Ame+s HPOL=

Am+++ PO4d=-

=
o
w0
@ ~4

=-2500

oo
)

cvoonooooo
H
‘

cnbonomoo0OOooo00O
£
+
+

BmMOOODbODOOBOC

o
wn
DopbvoDOWOOOOOOOOO

w

[
w
LY

L T T L " el S S S S W
o

cosooooon
+
+

AmCO3+ Cl-

AmCO3+ S04=
AMCO3+ HSOC4-
AmCO3+ OH-
AmCO3+ HOO3-
AmCO3+ CO3x
AmO03+ BIOH)4-
AmCOl+ BIC3I(OH)§-
AmCO3+ B4O5S{OH)a=
AmCO3+ Br-
AmCO3+ Am{COY)2-
AmCOY+ Am(C03) )=~

CopbvwopbovoboOO

CopboopopoooooO

DovwooocopOOOO

[ T SRRy

mooooooooooo
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1 .0 .0 .0 -0 AmCO3+ ClO4-
1 .0 ] .0 .0 ACO3+ RNpO2 (OH)2-
1 .¢ .a .a .4 AMCO3+ MpO2003-
1 .0 .0 .0 .0 AmCO3+ NpG2(C03) 2=~
1 .0 .0 .0 -0 AmCO3+ NpOZ (CO3) 3==-
d: o .0 .0 .0 AmCO3+ H2POA-
1 <0 .0 .0 .0 AmCO3+ HPO4=
2 .0 .0 .0 .0 AmCO3 + ==
1 .0 .0 .0 -0 The++++ Cl-
3 0 .0 .0 -0 Th++++ S04=
1 .0 .0 .0 -0 Theess+ HSD4-
SR .0 .0 .0 Theess OE-
1 .0 .0 .0 .0 Thesss HCOI-
3 .0 .0 .0 .0 The+++ CD3=
1 .0 .0 .0 .0 Thes++ B(QH) &~
i .0 .0 -0 .0 Thie+es BIOI (OH) 4~
1 .0 -9 .0 -0 Th+s=+ B4OSI0H) 4=
1 .0 .C .0 .a Thesss Bre
1 0 R .0 .0 The+++ AM(CO3)2-
3 .0 .0 .0 .0 Thes+++ Am{CO3) 3=~
L B .0 .0 .0 The+++ CLO4~
i .0 .0 .0 -q The+++ NpO2 [OH}2-
i .0 .0 .0 .0 Th++s+ NpO2CO3-
3 .h .0 .0 -0 Thess+ NpO2 (CO3) 22~
3 .0 .0 .0 -0 Thes+s NpO2(CO3)Ja=-
1 .0 0 .0 .0 Thes++ HIPO4-
3 .0 - .0 .0 Thes+s HPOd=
3 .0 .0 .0 .0 The+++ PO4=-
1 .4274 1.644 .G ~.03686 UOZew Cl- P91
2 .322 1.827 .c -.0176 VO2++ S04= P9l
1 0 0 .0 -0 U02++ HSO04-
1 .0 .0 .0 ] UVOZ2++ OH-
1 .0 .e .0 ¢ VO2++ HCOI-
2 .0 .0 .0 4] TO2++ CO3=
1 .0 ] .0 N ) UO2++ B(OH)4-
1 .0 il .0 .0 UOZ++ B303 (OH) Q-
1 .0 .0 .0 0 UDZ++ B40OS5(CH) 4=
1 .0 .0 0 o UC2++ Br-
1 .0 .0 .0 0 UOZ++ AmM(C03)2-
3 .0 .0 .0 .0 U02++ AmiCO3)3=-
1 .6113 2.144 .0 .02168  UO2++ CT1O4- P31
1 .0 .0 .0 -G UO2++ NpO2{0H}2-
1.0 .0 .0 -0 UO2+s NPO2CO3-
a0 .0 .0 -0 UO2++ NpQ2(CO3)2=-
3 .0 .0 .0 .0 UO2++ NpO2{CO3)I===
1 .0 .0 .0 N UO2++ H2POS-
2 .0 .0 .0 N UD2++ HPD4=
3 .0 .o .0 -0 U02e+ PO4=-
1 0.169 ] .0 -0 RNpQ2+ Cl- NRY94
1 o -0 .0 -0 NpOZ+ SO4=
T 28 .0 -0 NpO2+ HS04-
I @ ] .0 -0 NpQ2+ OH-
1 .0 ] e NpO2+ HCOI-
I 8 .0 .0 0 NpD2+ CO3=
1 .0 .0 -0 -0 NpO2+ B{OH)4-
1 ;0 .0 .0 .a NpO2+ B303 (OH)4-
1 .0 .0 .0 .0 NpO2+ B4CS(OR) 4=
1 .0 .0 .0 .0 KpOz+ Br-
1 .0 .0 .0 .0 NpO2+ Am[CO3)2-
1 .0 .0 .0 .0 RpO2+ Am{C03)3=-
1 0.312 .0 .c .0 NpO2e ClO4- NRS4
1 .0 .0 .0 .0 NpO2+ RpO2 (OH)2-
1 .0 .0 .0 .0 NpO2+ NpO2003-
i .0 ] -a .o NpC2+ NpC2(C03) 2=~
1 0 "] .0 .0 RpO2+ RpO2(CC3) ==~
1.0 .0 .0 .0 NpO2+ H2P04-
1 .0 0 .¢ N NpD2+ HPOd=
1 .0 .0 .0 .0 NpO2+ PO4=-
07 .97 0. .036 0. 0. 0. B iR 0. B Na: (cations 2 thru 13)
0. Q. .008 0. Q. g, G 0, Be 0 K: {cations 3 thru 13}
0. .pg2 0. 0. 0. a. 6. 9. 0. Ca: {cations 4 thru 13)
.10 G. o. 0. 0. 9. 0. 0O Mg: {cations S5 thwm 13)
0. 0. 0. 0. C. g. 0. MgOH: (cations € thru 13}
0 O 0: B B 0. B: {cations 7 thru 13}
0. 0. 0. 0. 0. MgB(OH) 4: {cations B thru 13)
0. 0. 0. 0. CaB{OH}4: (caticns 9 thru 13)
0. O. o. 0. Amees: (cations 10 thru 13)
g. ¢©. 2. AMCO3+: (cations 11 thru 13}
0. 0. The+++: (cations 12 thru 13)
0. 02 : {cations 13 thru 13)
.02 -.Dps -.050 .,p3 -.02 -.065 .12 03¢ D_ p. D, 0. 0. 0. D. 0. .1 0. D. C1: lanicns 2-20)
Q. -.013 .01 .02 -.022 .10 .12 0. 0. 0. 0. 0. 0. 0. 0. €. 0. 0. 504 (aniens 3-20)
0. c. ¢. a. 0. 0. 0. 6. G 0.0.0.0. 0. 0.0.0. HEGY : {anions 4-29)
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0000000 CaBIOH}I4-UD2++
.00 00C0C CaBlOHI4-NpOZes
0000000 Amsss-AmCOls
00 0CD0CC0C Amess-Thesss
0000000 Amess-U02+s
000000 AmssNpO2++
0D GO0 00D ANMO3e—Theess
000000 ARCOI+-UDZes
0000000 ARCOI+—NpO2es
0000000 Theess-UD2ew
0000000 Theess—NpO2Z+se

o

.0
.0
-0
-0
.0
.0
-0
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0000000 UO2es-NpOZe=

.0

e RN
RS ST Y

.0 Cl-HSO4: MgOH,H, MgB{OM)3,

.0 C1-S04:(Na.K.Ca.Mg,
.0 Cl-OH

.0

.0 -.018 -.0048 .0 -0 .0 .
.0 .0 .013 .0 .0
-0

- 006 -.008 -.025

-.015
-0085
-.0073

CaB{OH)4.An+se,

.0

o

AmC03s, Thesss,
UD2++, NpO2e)

.0 Cl-HCO2:

.0 €1-COo3:
.0 Cl-B3O3(OH}4:

.0 Cl-B(CH)4&:
.0 Cl-B4O5{OHI4:

.0
-0

.0
.0

0.0
-0 .0
0
L)

.0
-c
.0

-0
.0
.0
.0

0 ~-.0% .0
.0
.0
.0
.0

.0
.004
.0
.0
.0

-.024
.02¢

o

-0 .0 .0

.0 C1-NpO2(CO3)3==-:
.0 CI-H2PO4-:
.0 Cl-HPO¢

.0 Cl-NpO2(CQi}2=-:
.0 Cl-POd=-:

.0 Cl-am(cC3)2

.0 Cl-Am(CC3)2-
.0 Cl-NpO2{OH}2-:
.0 Cl-NpO2C0O3-:

.0 Cl-Clo4-:

e

.0 .0

.0

.0 .

.01

o

.0 SO04-HS04:
.0 SO4-0H:

.0
-0

.G

-.0094 -.0677 .0 -.0425 .0 .0

.0 SO04-HCO3:

o

.0 SQ4-BICH)4&:

.0 S04-CO3:

.0

-.005 =.009

.0 SO4-B303({OH}4:
.0 SO4-B40S{DH)4:

.0 SO4-Br:

(=1

.0

=

OH-NpO2 (OH12-:
-0 OH-NpO2CO03-:

:
i

B
iii

.0 S04-Am(CO3}2:
.0 SO4-Am(CO3}3:

.0 504-C104-:

.0 SO4-NpO2 (CH)2-:
.0 S04-NpO2 {CO3)2=-:
.0 SO4-NpO2(CO313
.0 HSO4-B303{OH)4:
.0 HSO4-BAOS(OH)4&:
.0 HSO4-Am(CO3}2-:
.0 HSO4-Am{CO3}Z

.0 HSD4-Clo4-:

.0 HS04-NpO2 (0B} 2Z-:
.0 HS04-NpO2C03-:

.0 OH-B303(OR14
.0 OH-BLOS{OH}4:
.0 OH-Br:

.0 OM=AmM(CO3)2:
.0 OH-Am(CQ3)3:
.0 OH-ClO4-

4
i

.0 OH-B{OH}4:

.0 HSO4-OH

.0 HSO4-HCO3-:
.0 HSO4-CO3

.0 HSO4-BIOH}&-:
.0 OH-HCO3

.0 OH-CO3:

.0
.0
.C
-0

.C

.0

=]

.0 OH-NpOZ(CO3)2=-:

=3

.0 OH-NpO2{CO3}3==-:

.0 OH-H2PO4-:
.0  OH-HPO4

0 OH-PO4=-:
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Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

1.2 References Cited in Listing

Felmy, A.R, D. Rai, and R.W. Fulton. 1990. “The Solubility of AmOHCQO3(c) and the

Aqueous Thermodynamics of the System Na+—Am3+—HCO_;—OH——H20.” Radiochimica
Acta vol. 50: 193-240,

Felmy, A.R., D. Rai, J.A. Schramke, and J.L.. Ryan. 1989. “The Solubility of Plutonium
Hydroxide in Dilute Solution and in High-lonic-Strength Chloride Brines.” Radiochimica
Acta vol. 48: 29-35.

Felmy, AR., and J H. Weare. 1986. "The Prediction of Borate Mineral Equilibria in Natural
Waters: Application to Searles Lake, California." Geochimica et Cosmochimica Acta vol. 50;
2771-2783.

Harvie, C.E., N. Mgller, and J.H. Weare. 1984, "The Prediction of Mineral Solubilities in Natural
Waters: The Na-K-Mg-Ca-H-Cl-S04-OH-HCO3-C0O3-CO2-H20 System to High Ionic
Strength at 25°C." Geochimica et Cosmochimica Acta vol. 48: 723-751.

Novak, C.F., and K.E. Roberts. 1994. Thermodynamic Modeling of Neptunium(V) Solubility in
Na-C03-HCO3-CIl-ClO4-H-OH-H20 Electrolytes. SAND94-0805C. Albuquerque, New

Mexico: Sandia National Laboratories.

Pitzer, K.S. 1991. Activity Coefficients in Electrolyte Solutions. Boca Raton, Florida: CRC Press.

Pitzer, K.S., and L.F. Silvester. 1976. “Thermodynamics of Electrolytes. VI. Weak Electrolytes

Including H3PO4.” Journal of Solution Chemistry vol. 5: 269-278.

Rai, D., AR. Felmy, and R.-W. Fulton. 1992a. “Solubility and Ion Activity Product of
AmPQO4°xH20(am).” Radiochimica Acta vol. 56: 7-14,

Rai, D., AR. Felmy, and R.W. Fulton. 1994. “The Nd3+ and Am3+ Ion Interactions with SOi_

and their Influence on NdPO4(c) Solubility.” Journal of Solution Chemistry. submitted June
1994,

Rai, D., AR. Felmy, R.W. Fulton, and J.I.. Ryan. 1992b. “Aqueous Chemistry of Nd in
Borosilicate-Glass/Water Systems.” Radiochimica Acta vol. 58/59: 9-16.

Rao, L., D. Rai, A.R. Felmy, and RW. Fulton. 1994. “Solubility of NaNd(CO3)2*6H20 in
Concentrated Sodium Carbonate and Sodium Bicarbonate Solutions.” Radiochimica Acta vol.
- . SAND94-1948].
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT
Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

| See Table 24 for explanation of this listing. |

© Temperature is Hard Coded as 238.15K

7 |.FD.TITRATE}BATCH_DOC.in: te illustrate/document *BATCH" rums FNT V2.0
DATABASE: HMWB4/FWB6E; Np(V)-Na-CO3-0OH-C1-ClO4 (NR94):

95.01.31 Am{III)-Na-Cl-C03-S04-PO4 (FRSR89,FRF90, P91, RFFRI2.RFF94, RRFF4 1]

[0 T

I Accuracy ©f reactions is 1.000CE-0E
7 Minimmm elemental abundance is 1.0000E-18
* Number of Aguecus Species is 50

Species Orger for Pitzer Parameters

"¢ Cations
£ Nae K+ Cas++ HMges
¢, MgOH« He MgB (OH) 4+ CaB (OH) 4+
Tl Amees AmCO3+ The+s+ UO2++
RpO2+
Anions
2 C1- SO4= HSO4- CH-
& HCO3- Co3= B[CKHl4&- B3C3({OH} 4~
44 BAOS(OH)4= Br=- Am{C03)2- An(CC3 ) 3=~
i ClO4- pe RpO2 (OH)2- NpO2CC3- NpO2{C03)2e-

RpO2 (CO3)3==- H2PO4- HPO4= PO&=-

Neutral

Q02 (ag) CaCco3 (ag) MgCC3 {aq) B{OH)3(aq)
NpOZ20H (aq) HIPO4 (ag)

Cation-Anion Binary Interaction Parameters

Cation Anion Betail) Betall) Bera{2) Cphi Alpha-Values
Na+ cl- ©.07650 C.26440 0.00000 0.00127 {2.0,12) 1-1,1-2.1-3
S04= 0.01958 1.11300 ©.00000 0.00497 (2.0,12) 1-1,1-2.1-3
HSO4- 0.04540 ©.39800 ©.00000 0.00000 {2,0,12) 1-1.1-2,1-2
OH~ 0.08640 ©.25300 0.00000 ¢.00440 {2.0,12) 1-1,1-2,1-3
HCO3 - 0.02770 C.04110 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
co3= £.03990 1.38900 ©.20000 0.00440 (2.0,12} 1-1,1-2,1-3
B(OH)} 4~ -0.04270 C.08500 0.00000 0.02140 (2.0,12) 1-1,1-2,1-3
B303 (QH) 4~ -0.05600 =-0.91000 0.00000 0.00000 1(2.0,12) 1-1,1-2,1-3
B405 (OH) 4= -0.11000 -0.40000 0.00000 0.00000 1(2.0,12) 1-1,1-2,1-3
Br- 0.00000 G.00000 0.00000 0.o0000C 12.0,12) 1-1,1-2,1-3
Am{C03 )2~ 0.00C0C -8.37000 0.00000 g.oocele  (2.0,12) 1-1,1-2.1-3
Am(CO3) 3=~ -0.94000 8.10000 0.00000 0.41800 {2.0,12) 1-1,1-2,3-3
€204~ 0.05540 G.27550 0.0000C -0.00118 {2,0,12) 1-1,1-2,1-3 "
NpO2 (OH) 2- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3 ,
NpO2C03- 0.16100 G.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3 )
Np02{C03)2=- 0.40700 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3 %
NpO2(CO3}3==- 1.97000 16.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,31-3 G
H2ZPO4- -D.05330 £.03960 0.00000 0.00795 {2.0,:2) 1-1,1-2,1-3 ) 3
HPO4= -0.05830 1._46600 0.00000 ©.02940 (2.0,12) 1-1,1-2,1-3 -
PO4== 0.17810 3.85100 0.00000 -0.05154 (2.0,12) 1-1.1-2.1-3 o j
ci- 0.04835 0.21220 0.00030 -0.00084 (2.0,12} 1-1.3-2,1-3 5 g
SO4= 0.0499% 0.77930 0.00000 ¢.00000 (2.0,12) 1-1,1-2.1-3 ‘-‘,“_ b 2 g
HSO4- -0.00030 0.17350 0.00000 ¢.0000C (2.0,12} 1-1.1-2.1-3 B
OH- 0.12980 £.32000 0.00000 0.00410 {2.0,12} 1-1,1-2,1-3
HCO3- 0.02960 -0.01300 0.00000 -0.00800 {2.0,12) 1-1,1-2,1-3
co3= 0.14880 1.43000 0.00000 -0.00150 (2.,0,12) 1-1.1-2,1-3
B{OH) &~ 0.03500 0.14000 0.00000 ©.00000 {2.0.12) 1-1,1-2,1-3
B3C3 (CH) 4~ -0.13000 0.00000 0.00000 0.00000 (2.0,12} 1-1,1-2,1-3
B4OS (CH) 4= -0.02200 0.00000 0.00090 ©.00000 (2.0.12} 1-1,1-2,1-2
Br- 0.00000 0.00000 0.00000 G.00000 (2.0,12} 1-1,1-2,1-3
Am(CQ3)2- 0.00000 9.00000 0.00000 0.00000 (2.0,12} 1-1,1-2,1-3
Am(CO1) 3=~ 0.00000 0.00000 0.00000 ©.00000 (2.0,12) 1-1,1-2.1-3
cl04- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,2-2
BpO2 (OH) 2~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
Np02C03- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3
NpO2 (CO3) 2=~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
NpO2 (C02)3==- 0.00000 0.00000 0.00000 0.00000 1(2,0,12) 1-1,1-2,1-3
H2PO4&- -0.06780 =0.10420 0.00000 €.00000 {2.0,12) 1-1,1-2,1-3
HPO4= 0.02480 1.27400 0.00000 0.01640 (2.0,12} 1-1,1-2,1-3
PO4=~ 0.37290 3.97200 0.00000 -0.08680 (2.0,12) 1-1.1-2.1-3
o B 0.315%0 1.61400 0.00000 -0.00034 (2.0,12) 1-1,1-2,1-3
SO04= 0.20000 3.19730 -5¢.24000 0.00000 (1.4.12) 2-2
HS04~ 0.21450 2.53000 0.00000 0.00000 §2.0,12) 1-1,1-2,1-32
OH- -0.17470 =0.23030 -5.72000 0.0000C (2.0,12) 1-1,1-2,1-3
HCO3~ 0.40000 2.97700 0.0000C 0.0000C 1{2.0,12) 1-1,1-2.1-3
col= 0.00000 0.00000 0.00000 0.0000C (1.4,12) 2-2
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Cavs
Ca++
Cas++
Caes
Ca++
¢z Cass
T Caes
Cher
Cas+
s Cas+
Caw+
Cass
Cave
Care
; Moes
3 Mges
T Mges
Mg+
Mg+
Hges
Hgee
Hyee
Hges
Meg++
Mg+
Hg++
Mge+
Mg
© O Mges
1T Mges
Moys s
Myes
Mg+
L Mges
© MgoHe
" MgOH+
MgOH+
MgOH+
MgOH+
HFOH+

IR

HgB(CH) 4+
HgB (OH) 4+
HgE (OH) 4+
MgB (OH1 4+
HgB{OR14+
MgB (QR} 44
HgB (0"} 4+
MgB (OH} 4+
HgB [OH) 4+
MgB (OH) 4+
MgB (OH} 4+
MgB (OH) 4+
MgB (OH} 4+
¥gB (OH) 4+
MgB (CH) 4+
MgB (CH) 4+

BOH) 4~
B303 {CH) 4-
B40S (CH) 4=
Br-

Am{CC3)2-
AMiTU3Y3=-
Clo4-

NpOZ (OH12-
Np02003-

Mp02 (CO3 ) 2=~
NpOZ (C0313==-
H2PO4-

HPO&=

POs=-

£l

T804=

HS504-

OH-

HCO3 -~

co3=
B{OH} &~
B3O3 (QHI 4~
B4QS5 (OH) 4=
Br-
Am(CO3) 2~
Am(CO3) 3=~
Clo4-

NpO2 (OH) 2~
RpOICO3-
BpO2 (C03)2=-
NpO2({CO3}3==~
H2PO4~
HPO4=
PO4=~-

cl-

S04=

HSO4-

OH-

HCO3-

ce3=

E(OH)I 4~
Bi03 (CHI4-
B40O5 (OH) 4=
Br-
Am{CO3)2-
Am(CO3) 3=~
Cl04~

NpO2 (OH) 2~
NpO2C03-
NpO2 (C02) 2=~
NpO2 {CO3} 3xx—
H2PO4 -
HPO4=
PO4=-

€l-

504=

H504~

OH-

HCOI-

<col=
B{OH}4-
B30I (CH) 4~
B405 {OK) &=
Br-
Am{CO3}2-
Am{C03}3=-
Clo4~

NpO2 (OH} 2~
NpO2C03-
NpO2 (C03 ) 2%~
NpO2 (CO3) 3===
H2PO4-
HPO4=
POd=~

Ccl-

S04=

BS04-

OB~

HCO3-

Cod=
BOH14-
B303 (OH) 4~
B40S{0H) d=
Br-
Ami(CC332-
Am(CC3)35-
Clod-

NpOZ {OH} 2~
Np02C03-
Mp02 (CO3) 2=

]

OO O 00 0COoOCN DR OO00o0OOC000ODOCDOoDOCDOCAN0O0CO0000DDODO00OOCRDOOOLA0DCO0OCOD00000CO0000000AO0DDa0O0OCO00D00

.00000
.0000a0

Q0000

.00000

alekilel]

L0000
.45110
. 00000
-00000
.dgooo
.00000
.000C0
.00000
.o0c00
.35235
.22100
87460
.0o00o0
.32900
.B0c00

20000
00000
00000
00000

.bocoo
.00000
J49610
.©0000
. G0008
.geooo
.ocooo
-gcooo

[elelelole}

.00000
.10000
. 00000
00600
.0004a0
.00000
00000
Q0000
.00000
.00099
.00000
.Qooca
.00c00
. 00000
.oooed
.00c09
.00600
L6000
.egocn
. 00000
.Goo0Q

17750
02980

.20650

00000

00000
00000
00000
00008
.00000
.0gooo
00000
. Gopo0
17470
.oooee
.0000C

ocooe

.00000
-0c000
-ocooo
-00000
-16000
- 00000
B elselels]
. Gaooe

ogooo
00000

.QGooo
.00600
.a000d
.00000
.00c00
.0o0c0
.goooe
.oopot

00000
00000

1]
+]
3]
4]
o
¢
1
[}
¢
o
Q
[¢]
0
o]
1
3
1
Q
a
0
4]
o
(o}
[¥]
a
o}
2
Q
a
]
Q
2
o
0
1
1]
o
o]
0
o
o
0
1]
a
]
o]
a
a
o
]
0
9
0
0
o
0
o
o
o
o
s}
0
c
C
[+]
£
Q
9
0
4
1]
[+
C
0
o
0
0
0
0
4
0
Q
Q
aQ
a
0
bl
0
o
3]

06000
.ocooe
00000
.00000
.0e000
.QBa00
. 75600
00060
.00000
.0ca00
.oga00
.00000
00000
00000
.68150
.34300
.72900
.0geoo
.60720
.00000
. poob0
.00000
. 00000
. 00000
.0D0R0
.Q0000
00800
00000
00000
.0D0Qo
. 00000
00000
. ¢0o00
. 00000
.E5800
.00000
.D00p0
.00000
.Gooo0
.00000
.0copo
.0gQo0
.poopo
.06000
.0cOD0
.peepo
.0Goo0
.oocoo
.0oCco0
.0o000
00000
.00000
00000
.00009
.29450¢
. 00000
.55560
-00ap0
.00000
-ogcoo
.ooeoo
.ooecoo
.00000
.00000
. 00000
.D0DOD
.29310
.0p0e0
Q0000
00000
.0000e
.d0000
00000
. 00000
.gaope
60000
L0000
.00000
.QoQgpod
.00000
.00000
.00C00
.00000
.aoo0e
.00000
.0000D
.00000
.00060
.00gg0
-00800

0.00000
0.00000
0.00000
0.00000
o.o0c00
€.00000
0.00000
0.00000
©.00000
000000
0.00C00
0.00000
0.00C00
0.00000
0.00000
-37.23000
0.00000
0.00000
0.00000
0.00000
0.00000D
0.00000
0.00000
9.00000
©.oDODD
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.pocoo
0.000c0
0.oceoo
0.0o0c00
0.ogooe
0.00000
0.o0000
0.00000
0.00000
0.00000
D.00000
0.00000
0.00000
0.00000
0.00000
0.0000Q
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
¢.00Q06G
0.00C00
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.60000
0.00000
0.oocoD
©,00000
¢.00000
0.00000
0.0000%
0.60000
0.00000
0.ccgoo
0.ocgood
0.o0cc00
0.00000
0.000C0C
4.00000
0.00000
0.50000
0.co000
©.00o00e
0.00000
Q.00000
¢.00000
©.00000
0.00000
£.00000
0.0000¢
0.00000

0.00000C
0.0000C
0.00000
0.00000
0.00000
0.00400
-G.00500
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00515%
0.02500
0.0000C
{4.00000
0.00000
0.00000
0.00000
¢.o00000
0.00000
0.o00000
0.00000
0.00000
0.00958
0.09000
0.00000
0.00000
0.00000
G.00000
0.00000
0.00000
0.0000C
0.00000
0.0000C
0.00000
0.00000
0.00000
0.00000
0.00000
Q.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.c0000
0.00000
0.00000
0.0c000
0.00000
0.00000
¢.00080
0.04380
0.00000
0.00000
{.c0000
0.00000
0.00000
0.06000
0.0000C
0.00000
0.0000C
0. 00000
©¢.00819
0. 00000
0.00000
0.000C0
0.0000C
0.0000C
0.00000
0.00000
0.00000C
0.00000
0.00000
0.00000
0.00000C
0.00D0C
0.00000
0.00000
¢.00000
0.00000
©¢.00C00
0.000C0
0.00000
0.00000C
0.00000
0.00000

(2.0,12)
(2.0,12
(2.0,12)
(2.0,12)
(2.0.12)
{1.4.50%
(2.0,12}
(2.0,12)
(2.0,12)
(1.4,50)
(1.4,50
(2.0.12)
{1.4.12)
{1.4,50)
{2.0.12)
1.4,1)
{2.0,12)
{2.0,12)
(2.0,
{1.4,12)
12.06,12)
12.0,12]
12.0,12}
(2.0.12}
i2.0,12)
11.4,50)
2.0,12)
2.0,12)
(2.0,12)
{1.4,50)
(1.4,50)
12.90,12)
(1.4.12)
{1.4,50)
{2.0.12)
(2.0,12)
(2.0,12
{2.0,12)
{2.0,12)
(2.0,12)
12.6,12)
{2.60,12)
{2.0,12)
{2.0,12)
(2.0,12)
{2.0.12)
{2.0,12}
(2.0.12)
2.0,12)
(2.0,12)
2.0,12)
(2.0.12)
2.0,12)
(2.0,12)
(2.0,12}
{2.0,12)
{2.0,12)
(2.0.12)
12.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
2.0.,12)
{2.0,12)
(2.0,12)
2.0.12)
12.0,12;
(2.0,123
2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
{(2.0,12)
{2.0,12)
(2.0.12)
12.0,121
12.0.12)
(2.0,12)
(2.0,12)
2.0,12)
(2.0,12)
(2.0.12}
(2.0,12)
(2.0,12}
12.0,12}
2.9,12)
(2.0.12)
(2.6,12)
(2.0, 12}
12.0.12)

P

i A
o
[ R

[
1
b
)

1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,31-2,2-3
1-1,1-2,1-3
T-in»2)
1-1,1-2.1-3
1-1,3~2.1-3
1-1.1-2.1-3
Z2-{n»2}
2-inr2)
1-1,1-2.1-3
2-2
2-{n>2})
1-+1,1-2,1-3
2-2
1-1,1-2,1-3
1-1,1-2,1-3
1-1;1~2,:1=3
2-2
1-1,1-2,1-3
vk, 1=2, 1-3
1-1.1-2,1-3
1-1.1-2,3-3
1~1,1-2,3-3
2-{n=2)
1-1,1-2,1-3
1-%,1-2,1-3
1-1,1-2,1-2
2-(n=2)
2-(n»2)
1-1.1-2,1-3
2-2
2-(n>2)
i-1,1-2,1-3
1=1,1-2,1-3
i-1,1-2,1-2
1-1,3-2,1-3
1-1,1-2,1-3
1-1,1-2,3-3
1-1,3-2,1-3
1-1.1-2.1-3
1-1,1-2,1-3
1-1,1-2.1-3
1-1,1-2,1-3
1-1,1-2,1-2
1-1,1-2,1-3
1=1,1-2,1-3
1=1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
i-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-2,1=2,1-3
1-1,1-2.1-2
1-1,1-2,1-2
1-1,1-2,1-3
1-1,1-2,1-3
1 2 3
1 2 35
1 2 3
1-1,1-2,1-3
1-1,1-2,1-2
1-1,1-2.1-3
1-1.1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2.1-3
i1-1,1-2,1-3
1-1,1-2,1-3
1-1.1-2,1-2
1-1,1-2,1-3
o O o
1-1,1-2,1-3
1-3,1-2.1-3
1+1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1.1-2.1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2.1-3
1-1,31-2,1-3
3-1,1-2,1-3
3-1,1-+2,1-3
3-1,1-2,1-3
i-1,1-2,1-3
1-1.2-2,2-3
1-1,1-2,1-3
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MaBICH) &+ MpO2 (CO3) 3==- 0.00000 0.00000 ©.00000 0.00000 (2.0.12) 1-1,1-2,1-3
HgB{OH} 4+ H2PO4~ 0.00000 0.00000 ©.00000 0.00000 (2.0,12) 1-1,1-2,1-3
MgB (O} 4= HPOAd= 0.00000 0.00000 ©.00000 0.00000 (2.0,12) 1-1,31-2,1-3
MgB (OH) 4+ PO4=- 0.00000 0.00000 ©.00000 0.00000 (2.0,12} 1-1.1-2,1-3
CaB (CH) 4+ ci- 0.12000 9.00000 0.00000 0.00000 (2.0,12) 1-1,3-2,1-3
CaB{OH) 4+ = ©.00000 9.00000 0.00000 0.00000 (2.0.12} 1-1,1-2.1-3
CaB{OH) 4= HSO4- ©.0000C ©.00000 0.00000 ©.00000 (2.0,12) 1-1,1-2,1-3
CaB (0H) &+ OH- ©.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
CaB (OH) 4+ HCO3- 0.00000 0.00000 0.00000 0.00082 {2.0.121 1-1.1-2,1-3
CaB |OH} 4+ co3= €.00000 0.00C00 0.00000 9.0000¢0 (2.0.12} 1-1,1-2.1-3
CaB(0OH) 4~ B{CH}4- ©.00000 0.00000 0.00000 0.08000 (2.0.12)} 1-1,1-2.1-3
CaB (OH) 4+ B303 (CH) 4~ 0.c0c0C ©.00000 0.00000 0.0000¢ (2.0.12} 1-1,1-2,1-3
CaB (OH] 4+ 8405 (CH) 4= D.00000 ©.00000 0.00000 ©.00000 (2.0,22} 1-1,1-2,1-3
CaB(OH) 4+ Br- 0.00000 0.00000 0.00000 0.00000 {2.0.12) 1-1.1-2,1-3
CaB{OH} &+ AmiCO3)2- 0.00000 0.90000 ©.00000 0.00000 {2.6,12} 1-1,1-2,1-3
CaB{OH} 4+ Ami{CO3}3=- 0.00000 ©0.00000 0.00000 0.c0000 (2.0,12} 1-1,1-2.1-3
CaB (OH} 4~ c104- 0.00000 0.00000 0.00000 0.00000 ¢2.0,12) 1-1,1-2,1-3
CaBiOH} 4+ NpO2 (CH)2- ©.00000 £.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
CaB (CH) 4+ NpO2C03- 0.00000 0.00000 0.00000 ©.00000 (2.0,12) 1-1,1-2.1-3
CaB{CH) 4 NpO2 (CO3) 2=- 0.00000 0.00000 0.00000 ©.00000 {2.0,12) 1-1,1-2,1-3
CaB {OH) 4+ Np02 iC03) 3==- 0.00000 0.00000 ©.00¢00 0.00000 (2.0,12) 1-1,1-2,1-3
CaB {OH)é+ H2PO4- £.00000 ©.00000 ©.00000 0.00000 (2.0.12) 1-1,1-2.1-3
CaB (OH) 4+ HPGA= ©.00000 ©.00000 0.00000 £.0000C (2.0,12) 1-},1-2,1-3
CaB (OH) 4 - 0.00000 0.00000 0.00000 0.00000 (2.0,12} 1-1,1-2,1-3
Amese cl- 0.61170 5.40300 0.0C000 -0.02840 ¢2.0,12) 1-1,1-2.1-3
A +s SO4é= 3.03580 0.00000 -2500.00000 0.00000 ({1.4,.50) 2-(n>2)

Aftre =+ HSO4 - 0.00000 0.o0000 0.00000 0.00000 (2.0,12) 3-1,1-2,1-3
Afte v OH- 0.00000 0.00000 0.0G00D £.0000C (2.0,12) 1-1,1-2,1-3
Ameew HCO3- 0.00000 0.00000C 0.00000 0.00000 {2.0.12) 1-1,1-2,1-3
Ames co3= €.000C0 ©.00000 0.00000 0.00000 {1.4,50) 2-(n>2)

Ame e BICH) 4~ 0.0c000 0.c0000 0.00CC0 0.0C0000 {2.0.12} 1-1,1-2,1-3
Amna+ e BIO3 {OH) 4~ 0.00G00 0.0c0000 0.00000 0.0C000 2.0.12) 1-1,3-2.1-3
Ame e B40O5 {QH) &= 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
Amess Br- 0.00000 0.00000 0.00000 £0.00000 {2.0,12) 1-1,1-2,1-3
Affyd++ Am{CO3)2= 02.00000 0.00C00 0.00000 ¢.o0000 (2.0,12) 1-1,1-2,1-3
Afrre e Am(C03)3=- 0.00000 0.00000 0.00000 0.00000 {1.4,50) 2-{n=2)

A+ clod- 0.80000 5.35000 0.00000 -0.00480 (2.0.12) 1-1,1-2.1-3
AT+ NpO2Z (CH) 2- 0.00000 ©.00000 0.00000 0.00000 (2.0.,12) 1-1,1-2,1-3
Attese NpO2CD3 - 0.00000 0.00000 0.00000 0.00000 {2.0.12} 1-1,1-2,1-3
A+ NpO2 (CO3) 2=~ 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>2)

Airess NpO2 (CO2) 3==- 0.00000 0.00000 0.00000 0.08000 (1.4,50} 2-(n>2)

Amre s v H2PO4~ 0.00000 0.00000 -92.90000 0.00000 {2.0,12) 1-1,1-2,1-3
A+ HPO4 = 0.00000 0.00000 0.00000 0.00000 (1.4.50) 2-in>2)

Y Aftvk s PO4=- 0.06000 0,00000 0.00000C 0.00000 (1.4,50) 2~(n>2}
AmCO3+ Cl~ 0.Q00C0C ©.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
AmCO3+ 804= 0.0000C C.00000 0.00000 @.00000 (2.0,12) 1-1,1-2,1-3
AmCO3+ HSO4- 0.00c¢00 ©¢,00000 0.cC000 0.000D0 ({2.0.12) 1-1,1-Z,1-3
AmCO3+ oH- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
AmCO3+ HCO3- C¢.00000 0.00000 0.00000 9.00000 {2.0,12) 1-1,1-2,1-3
AmCO3+ £o3= 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
AmCO3+ B(OH]} 4~ ¢.pocoe 0.00000 0.C0000 0.00000 (2.0,12) 1-1,1-2,1-3
AnCO3« B303 (OH) 4~ G.00000 ¢.00000 0.00000 ©.0000C (2.0,12) 1-1,1-2,1-3
AmCO3+ B405 (OH) 4= ©.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3
AnCO3« Br- 0.00000 ©,00000 C.00000 0.000DC (2.0.12) 1-1,1-2,1-3
ARCO3» An{C0O3)2- 0.00000 0.00000 0.00000 0.00C0DC (2.0,12) 1-1,1-2,1-3
AMCO3+ Am({CQ3}3=- ©.C0000 ¢.00000 ©.00000 0.00000 (2.0,12) 1-1,1-2,1-3
ADCO3+ Clo4- 0.00000 0.00000C 0.00000 0.00000 (2.0.,12} 1-1,1-2.1-3
AmCO3« RpOZicH) 2~ ©.00000 0.00000 0.0000C0 0.00000 {2.0,12] 1-1,1-2,1-3
AmCO3« Rp02003- 0.00000 0.00000 ©.00000 0.00000 (2.0.12} 1-1,1-2,1-3
AmCO3« Np02 (CO3 ) 2=~ 0.00000 0.00000 0.00000 0.00000 (2.6.12) 1-1,1-2,1-3
AmCO3+ NpO2 (CO3)3==- 0.00000 ©.oc0C0 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
AmMCC3+ H2ZPO4- ©.00000 0.00000 0.00000 0.00000 {2.0.127 1-1,1-2.1-3
AmC03s HPO4d= ©.00000 ©.00000 0.0CD00 0.00000 (2.0.12) 1-1,1-2,1-3
AmCO3+ PO4=~ ©.00000 ©.00000 ©.00000 0.00000 {2.0,12) 1-1,1-2.1-3
Theses cl- 0.00000 0.00000 0.00000 0.0000¢ {2.0,12) 1-1,1-Z,1-3
Thes+s S04= 0.00000 0.00000 ¢.00000 0.00000 [(31.4,50) 2-(m>2]
Thesss HSO4~ 0.00000 0.00000 ©.00000 0.00000 (2.0,12) 1-1,1-2,1-3
The+es OH- 0.00000 0.00000 ¢.eco00C 0.00000 (2.0.12} 1-1,1-2,1-3 .
Thesss HCO3-~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3 + -
Thesse co3= 0.0000C ©.00000 0.00000 0.00000 (1.4,50) 2-(n>2}
Thesss B{OH} 4§~ 0.00C00C C.oco0c0 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
Theess B303 (OH) 4- 0.00000 ©.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
Theses B4OS (OH)} 4= 0.00000 0.00000 ©.00000 0.00000 (2.0.12) 1-1,1-2,1-3
Theses Br- 0.00000 0.00000 ¢.c0000 0.00000 (2.0,12} 1-1,1-2.1-3
Theets Am{CO312- 0.000C0 0.00000 0.00000 0.00000 (2.0,12) i-1,1-2,1-3
Thesse Am{CO3}3=- 0.00000 ©.00000 0.00000 0.00000 (1.£,50) 2-(n>2)
The+es Cl04~ c.ocoo0 0.000C0 0.00000 ©.00000 (2.0,12) 1-1.1-2,1-3
The++e NpO2 (OH) 2~ 0.00000 0.00000 0.0g¢000 ©.00000 (2.0,12) 1-1,1=-2,1-3
Thes+s NpO2003- 0.00000 0.00000 0.00000 D.0C000 (2.0.12) 1-1,1-2.1-3
Thesss NpO2 (C0312=- 0.00000 0.00000 @.00000 0.0¢000 (1.4.5C0} 2~(n>2})
The=+s NpO2 (CO3)3==~ 0.00000 0.00000 D.0p000 0.0000C (1.4.5C) 2~{n>2)
Thesss H2ZPO4G- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
Thesss HPOd= 0.0C000 0.000C00 0.0000D 0.00000 (21.4,50) 2-~(n>2)
The+ss PO4=~ 0.00000 0.00000 0.0000D 0.00000 (1.4,50) 2~(n>2}
UO2+ cl- 0.42740 1.64400 0.00000 -0.03686 (2.0,12} 1-1.1-2,1-3
U02+s 504= 0.32200 1.82700 0.00000 =0.01760 (1.4,12) 2.2
UQZ+e HSO04~ 0.60000 0.00000 a.00000 ¢.0060¢ (2.0.121 1-1,1-2,1-3
U024+ oH- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
UO2++ HCO3 - 0.0C000 0.00000 0.00000 0.00000 ([2.0,12) 1~1,1-2,1-3
Uo2Zes co3= 0.00000 0.00000 0.00000 0.00000 (1.4,12} 2-2
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U0Zes B{OH} 4~ 0.00000 £.00000 0.00000 ¢.coo00  {2.0,12) 1-1,1-2,1-3
V02 ++ B303 (OH) 4~ 0.00000 0.000C0 0.00000 gc.opppe  {2.0,12) 1-1,1~2.1-3
UDZ++ B40S {OH] 4= €. 00000 ©.00000 0.00000 0.00000  (2.0,12} 1-1,1-2,1-3
VOZ++ Br- 0.000C0 0.00000 0.00000 0.00000 (2.0,32) 1-1,1-2,1-3
Vo2 AM{CH32- 0.00000 £.00000 5.00000 0.00000 (2.0.12) 1-1,1-2,1-3
VO2++ AmM[CO1) 3=~ 0.00000 0.000¢C0 0.00000 0.00000 {1.4,50) 2-in=2)
VO2++ Cl04~ 0.61130 2.14400 0.00000 0.02168 (2.0,12} 1-1,1-2,1-2
VoZ++ NpO2 (QH}2- 0.oocco 0.00000 0.00000 ¢.00G00 (2.0,12) 1-1.1-2,1-3
002+ Np02C03- 0.000C0 0.00000 0. 00000 0.00000 (2.0.12) 1-1,1-2,1-3
uoz++ NpO2 (C03 1 2=- 0.00090 £.00000 0.00000 0.00000 (1.4,50) 2-in>2}
VO2++ NpO2 {C03 ) 3==- 0.00000 0.00000 0.00000 0.00000 ({1.4.50) 2-(n>2)
VO2++ H2PO4~ ¢.00000 £.00000 0.00000 ¢.00000 (2.0,12}) 1-1,1-2,1-3
pozes HPO4= 0.00000 0.00000 0.00000 0.00000 (1.4.12) 2-2
U2+~ PO4=- 0.0000C 0.00000 0.00000 0.00000 (1.4,50) 2Z-in>2}
NpOZ+ ci- 0.18564 0.00800 0.80000 e.pgepo {2.0,12y 1-1,1-2,1-3
NpO2 + 504= 0.00000 ©.00000 0,00000 0.000%0 {2.0,12} 1-1,1-2,3-3
NpO2+ HS04- C.00020 0.00000 0.00000 G.opoQo  {(2.0,12) 1-1,1-2,1-3
NpO2+ OH- 0. 00000 0.00000 G.00000 0.0pgeog  (2.0,12) 31-1,1-2,1-3
NpO2+ HCO3- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1~1,1-2,1-3
NpO2+ oe3= 0.00000 0.c0000 0.00000 0.00000 (2.0,32) 1-1,1-2,1-3
NpO2Z+ BIOH) 4- ©.00000 0.00000 0.00000 0.0goo0  {2.0,12) 1-1,1-2,1-2
NpO2+ B303 [QH}4- 0.00000 ©.00000 0.00000 0.00000 (2.0,12) 1-1.1-2.1-3
NpO2+ B4OS (OH} 4= 0.00000 0.00000 0.00000 0.0pco0 (2.0,12} 1-1,1-2,1-3
© NpQZs Br- 0.00000 0.00000 0.00000 0.0oc00 (2.0,12% 1-1,1-2,1-3
NpO2+ AM(C03) 2~ 0.00000 0.50000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
NpO2e AM(C0Y) 3m- 0.00000 0.00000 0.00000 6.0ogo0  (2.0,12) 1-1,1-2,1-2
NpO2+ . Clo4~ 0.31200 0.00000 0.00000 0.00000 (2.0.12) 1-1.1-2,1-3
NpO2+ NpQ2 (OH) 2- 0.00000 0.00000 0.00000 0.00000 {2.0.12) 1-1,1-2,1-3
NpO2+ NpQ2C03- 0.900000 0.000¢0 ¢.00000 0.00000 (2.0,12} 1-1,1-2,1-3
NpO2- KpOZ(CC3 ) 2= 0.00009 ¢.o0000 ¢.a0p00 0.0c000 (2.0,12) 1-1,1-2,1-3
NpOZ+ NpC2{CQ3 == 9.0000% 9.00000 0.00000 $.6G000¢ (2.0,12) 1I-1.1-2.1-3
NpO2+ HZPC4- 0.00000 0.00000 0,00G00 0.c000C  (2.0,12) 1-1,1-2,1-3
NpO2+ HPG4= 0.00000 ¢.00000 ¢.00000 9.00000 {2.0.12) 1-1,1-2,1-3
NpQ2+ PO4=— 9.00000 0.00000 0.00000 0.00000  {2.0,32 1-1,1-2,1-3
Caricn-Carion Texrnary Interactions: thetalcl.c2)
K+ Cavs Meger MgOH~+ B+ HgB(OH) 4+ CaB{OH)4d+ Amews AmMCG3+ These+
-0.01200 0.07000 0.07000 0.00000 0.03600 0.09000 0.00000 C.00000 0.00000 0.00000
U02++ NpOZ+
0.00000 {.,90000
Ca++ Mg+ MgOE+ H+ MgB{CH}4+ CaB{OH)4+ Am+++ AmCO3+ Th++++ VO2++
0.03200 0.00000 .00000 0.0050C 0.00000 C.00000 ¢.00000 0.00000 0.00000 0.00000
RpO2+
0.00000
Mg+ MgCH+ H+ HgBIOH) 4+ CaB(OR)4+ Amw+s AmCO3+ The++++ UO2++ NpO2+

0.00700 0.00000 0.09200 G.oc000 0.00000 0.00000 0.00090 0.00000 0.00000 §.00000

MgOH+ He MgB(OH) 4+ CaB{QK)d+ Amess AmCO3 Theses UoZ++ NpO2+
0.00000  0.10000  0.000DC  D.00DO0  0.00000  0.DOGDO  0,0DO0D  0.0DODD 0. 00000

He MgB(OH) 4+ CaB(OH)}{+ hAmée= ARCO3+ Thesrs UVOZ++ NpOZ+
0.00000 0.00000 0.00000 0.00000 0.00Q800 0. 00000 0.00000 ©.00000
MgEB(OH) ¢+ CaB(OH)4+ Am+++ AmCO3+ The+++ VO2++ NpO2+ p
0.00000 0.00000 0.00000 0.00000 0.00000 0.00300 0.00000 |
A
CaB(OH} 4+  Amees AmCO3+ Thesss U02++ NpazZ+ i
MyB{OH} 4+ G.goDC0 0.000C0 0.0000C 0.00000 0.00000 0,00000 2 ,/
Are e+ AMCO3 + Th+++ U022+ NpOZ+ s e :)“""’
CaB(CH) 4+ 0.00000 0.00000 0.00000 £.00000 0.00000 .
AmMCO3+ The+++ UOZ++ NpD2+
Q.00000 0.00000 0.00000 0.00000
The++4++ T2 ++ NpOzZ+
0_00Co0 0.00000 0.C0000
U2+« NpOR+
The+++ G_00004 0.00000
NpQ2+
VOZ e+ 0.c0000

Anion-Anion Termary Inceractions: cheta(al,aZ)

504= HSO4 - OH- HTO3 - CO3= B{OH) 4~ B303 (OH) 4~ B4OS5(CH}4= Br- AmiCO3)2-
Cl- 0.02000 ~G.00600 -0.05000 0.03000 -0.02000 -0.06500 0.12000 0.07400 0.000C0 0.00D00

Am(CO3) 3=+ ClO4- NpO2 (OK)2- NpO2C03- NpQ2(CC312 NpD2(CO313 H2PO4~ HPO4= PO4=-

G.¢oeo0 0.00000 0.00000 ©.00000 Q.00000 0.o0eo00 0.10000 0.00000 0.00000

H504- OH- HCO3 - co3= B{OH)} 4~ B30Q3 (DH) 4~ B40OS(0H) 4= Br- AMICO3)2~ Am{CO3)3=-

0.00000 -0.01300 0.01000 0.02000 ~0,91200 D.300600 0.12000 0.00000 4.00000 0.00000

<104~ NpO2 (OH} 2- NpO2CO3-  NpO2{CD1}2 NpOZ(CO3)113 H2PO4- HPOd= PO4=-

0.00000 ¢, 00000 ©.000C0 0. 00000 ©.00000 0.000C0 0.000c0 0.00000
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OH- HCO1 - CO3= B(OH) 4~ B303 (OH} 4~ B4OS (OH14= Br- Am(CO3)2- An{CO3)13== CLlO4-
0._00000 0.00000 0.00000 0.00000 0.00060 0.00000 0.00000 0.00000 0 00000 0.00000
NpD2 (OH}2- NpO2CO3-  NpO2{C0312 Npl2{C03)3 H2PO4- HPO4= PO4=-
0.00000 0.00000 0.090080 0,00000 0.00000 0.00060 0.06009
HCO3- co3= BIOH) 4- 8303 (OH)d4- B405(0OH) 4= Br- AniCO312- Am(CO3)3=- CLO4- NpO2 (OH} 2~
0.00000 0.10000 0.00000 0.00000 0.00000 %.00C00 0.00000 0.00000 0.00000 0.00008
NDO20D3-  Np02(C03)2 NpoZ{C03)3 HIPO4- HPOd® PO4=-
0.00000 &.60008 0.63060 0.00500 o.po000 0.00000
co3= B{OH)4- B303 (OH}4- B40O5{0H)4= Br- AmICO312-  Am{CO3)3=- ClOd- N202 (OH!2- NpO2CO3-
-0.04000 0.00000 -0.10000 -0.08700 0.00000 0.00000 0.00000 0.00000 £.00000 0.00000
NpOZ (CO3)2 NpO2{C03)3 H2PO4- HPO4= PO4=-
0.00000 D.00000 0. pa000 0.o0000 0. 00000
BIOH) 4- B103 (OH) 4~ B40S [OH)4= Br- Am(CO3)2- Am{CO3}3=- CLO4- NpOZ (OH) 2- NpO2C03-  NpO2{C0312
©.00000 0.00000 0.00000 G.00000 9.00000 ©. 00000 £.00000 £.00000 0.00000 0.00000
NpOZ (CO3)3 H2ZPO4- HPO4= FO4=~
D.00000 0.00000 0.00000 0.00000
B3O3 (OM} 4~ B4OS(OH)4= Br- Am{CO312- Am(CO3}3=- Clod- NpO2 (OH) 2- MpOZC03-  KpC2 (G032 NpO2 (00313
BIOH}4- 0.30000 0.00000 ©.00000 0.00000 $.00000 ©.00000 ©.00000 0.00000 0.00000 ©.00000
H2PO4- HPO4= PO4=-
BIOH} 4~ 0.00000 ©.00000 0.00000
B40S5 |0H) 4= Br- Am({CO312- Am{CO3)3=- CLO&- NpO2 (OH] 2- NpORCC3-  Npd2(CO3)2 MpOZ(CO3)3 H2PO4-
8303 (OH} 4~ 0.50000 0.00000 0.00000 b.06a00 0. 00060 0.00000 0. 00000 0.00000 €.00000 0. 00000
HPO4= PO4 =~
B30I (OH}4- 0.00000 0.00000
Br- Am(CO3)2- Am{C03)3=- ClO4- NpO2 (OH)2- NpO2C0O3-  NpO2({CO3}2 NpO2{t03)3 E2PO4- HPO4=
BAOS5 (CH} 4= 0.00000 0.0000¢ 0.60000 0. 00000 ©.00000 0.00000 0. 00000 0.00000 £.00000 ©.00000
POd=~
B40S (OH) &= 0.00000
Am(CO3)2- Am{CO3)3=- Clod- NpOZ (GH}2- NpO2C03-  NpO2 (CO3)2 NpOZ{CO313 H2PO4- HPD4= PO4=-
Br- 0.00000 0.0o000 0.00000 0.00000 0.Co0e0 0.0000C 0.00000 0.00000 0.00000 0.00000
Am(CO3}3=- CLO4- NpOZ (CH)2- NpO2003-  NpO2(C03)2 NpO2(C03)3 H2PO4- HPO4= POd=-
hm{CO3)2~ 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 ©. 00000 0.00000 0.0C000
clo4a- NpO2 [OH)2- NpO2C03-  NpO2(CO312 NpO2(C03)3 H2PO4- HPCd= POd=-
Am(CO3) 3= 0.0000¢ ©.00000 0.00800 0.00000 0. 00000 0.00000 0.00000 0.0000C
NpOZ{OH)2- NpO2CO3-  NpO2(C0312 KpOZ(CO3)3 H2PO4- HPO4= PO4=-
C104- 2.00000 0.00000 D.poooD ©.00000 0. 00000 0. 00000 D. 60000
NpO2C03-  Np02(C03)2 NpO2(CO3)3 H2PO4- HPO4= PO4=w
NpOZ (CH) 2- 0.00000 4.00000 0.00000 0.00000 0.00000 0.00000
NpOZ2 (C03)2 NpO2(CO313 H2PO4- HPO4= PO4=-
NpO2C03~ 0.00000 1.00000 0.00000 0.00000 0.00000
NpOZ2 (CO3)3 H2POd- HPOd = FO4=- P
NpO2 (€03 ) 2=- 0. 00000 0.00000 0.00000 ¢.00000 £
P
H2PO4- HPO4= PO4=- £
Mp02 (CO3) 3==~ £.00000 0.00000 ©.00000 i
HPO4= BOd=- %
H2PO4~ £.00000 0.00000 _
PO2=- il
HPO4= 0.00000 s
Cation-Cation-Anion Termary Interactiens: psi(...}
ci- 504= HE04- OH- HCo3- co3= BIOHI4-  BIO3(DHI4 B4OS({OH)4 Br-
K+ -0.00180 -0.01000  0.00800 0.00000 -0.00300 0.00300 0.0000C O_00000 C.00000  0.00000
Ca+s -0.00700 -¢.0550¢ 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©.00000 ©.0000C
Mg+ -0.01200 -0.01500 0.00000 0_0000C 0.00000 ©C.00000 0.00000 0.00000 0.00000 ©.00000
MgOH~+ 0.00000 0.00000 0.00000 0.00000 €.0C000 0.00000 0.0000C ©.00000 0.06G000  0.000Q0
He -0.00400 0.00000 -0.0C1290 €.000060 0.06K0O  0.00000 0.0000C 0.00000 C.0GO0O  0.00000
MgB (OH) 4+ 0.00000 0.00000  0.00Q00  ©.000DD  0.0000C  0.00000 ©0.00000 0.00000  ©.00000  0.00000
CaB (OH) 4+ 0.00060  ©£.00000 ©0.00000 D_ODOOG  0.0000C  G.00000 0.DODOD  0.00000  0.00000 ©.00000
A4 0.00000  0.0A000  0.DCOO0  D,.0000D  0,00000  C.00GRD  0.00000  0.00600  0.00000 €.COpOO
ATCQ3+ £.p0OOD §.0DODD  D.GODOD  D.ODOOD  D.DOODD  D.DOSCS  D.0D0000  0.DQOOS  D.00OG0  O.0000R
The+ss 0.00000  ©.00000 D.0ODOD  $.0COO0 000000 0.00000 0.Q0000 0.00C00  0.00000 9.00000
vo24+ 0.0000C ©.00000 0.00000 D.ODOOC  0.00000  0.000C0 0.00000 0.00C00  0.00000  C.00Q00
HpO2+ 0.00000  0.000D0  0.0G0O0 0.00000 0,00000 O.00RCD  0.00000  0.00605  0.00000 O.0GGODO
Cas+ -0.02500 0.DOOCO 0.00C00 ©.00000 0.00000 0.0000C  O.0CGO0 0.000G0  0.00000  0.00000
Mg++ -0.02200 -D.D480C  0.000C0 9.00000 0.C0000 0.00000 0.00000 0.00000 0.GQOCOC  0.00D00
MgOH+ 0.00000 ©.00000 0.00000 0_0OOQO  0.0Q0DO  0.00000 0.00000 0.00000 0.00000  ©.00COO0
A=~ -0.01100 ©0.19700 ~0.02650 0.00000 ©.00000 0,00000 0.00000 0.0000C 0.00000  0.00000
MGB (OH) 4+ 0.00000 0.000CO  0,00000 Q.00000 0.00000 O0.0RO0C  6.00000 0.000G0  0.0000C  O.00000
CaB (OH) 4+ £.00000 ©.00OOC  0.00000 0.00600 G.COO0O  0.0GODO  0.00C00  ©.00000 0.000G0  0.00000
A ©.00000 0.00000 0.00000 0.00000 C_00DOG  0.00000 0.00000 0.00000 0.000CO  0.000CO
AMCO3+ 0.00000 0.00C00  0.00000 0.00000 0.00000 0.0000C 0.00000 0.0o0000 0.00000  O.00000
Thetes 0.00000 0.00000 0.00000 0.00000 9.00000 0.6GC00  0.00000 0.00000 0.00000 0.00000
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UOZr+ 6.00000 0.000O00 ©.00000 0.0000C  0,00000 ©0.00000 ©.000C0 0.00000 0.00000 ©.00000
NpO2+ 0.00000 0.00000  0.00000 0.00000 O,00000 0.00680 0.00000 0.0000C  0.0000C  ©0.000CH
Mg+ ~0.01200 ©.02400 0.00000  0.00000 0.00000 0.00600 D.00BO0  0.00000 0.00000  0.00008
MgOH+ 0.00000 0.00000 0.00000 0.00000  0.00000 ©0.00000 0.00000 0.00000 0.00000  0.00000
He _0.01550 0.00000  £.00000  0.0DOOD  O.DODDC  D.ODQOD D, 000D0  £.00000  0.00000  D.ODDOD
HgB (OH 4+ 0.00000 0.00G00  0.00000 0.00000 ©.00000 0.00000  0.0OCO00  0.00000 0.GO00G  0.00000
CaB(QH) 4+ 0.000060 ©0.00000 €.C0000  0,00000 0.00000 0.0000C C.CO000  0.00000  0.00000  0.00000
A 0.00000 ©£.0000D0 0.00000 ©.00000 0.00CC0  0.90000 0.0000C  ©0.00000 0.00600  0.00000
ATCO3+ 0.00000 ©.0GCO0  0.0000C  0.000C0 0.00000  0.000CO  0.00CCO 0.00000  0.00000  0.0000C
Thesss £0.00000 ©.00000 0.00000  0.00000  0.00G00  0.00000 0.0000C  ©.00000  0.00000  0.00000
UO2++ 0.00006C  0.00000 0.00000  0.G000D0  0.000CO  0.00000 0.00000  ©.000G0  0.00C00  0.0000C
NpO2= 0.00006 ©.00000 0.00000 D.00OOD  D.DOODD  £.00DOD  0.DOODD  O.C0EDD D.0D000  0.0C000
MgOH+ 0.02B00 0,00000 ©.00008 0.00Q000  0.00000 0.00000  0.00000  ©.00000  0.00000  0.00000
He -0.01100 ©.00000 -0.01780 0.0Q0DOD  ©.COG0C  ©.00D00  ©.0000C ©£.00000 0.00G00  (.Q00O0C
MZE{OH! 4+ p.00000  ©0.000G0  0.DGO0D  0.0000D  0.0000C  0.C0DOO  0.00000  O.CO000  0.00000  C.00000
CaB(OH) 4+ 0.00000 0.00000 0.00000  0.00000 G.000CO  0.00000 0.00000 0.00000 0.00000  0.00000
Ameea 0.0000¢ ©.00000 0.00000 D0.0DOO0  0.00DOC  ©.00000 0.00000 ©.00000 9.00000 ©.00000
AmCD3+ §.00000 ©.000C0 0.00000 0.0000C ©0.00000  ©.00000  0.00QO0  Q.0CODG  0.00000  ©.00000
Theser £.00DO0  0.000DD  0.DDODY  O.0DDDC  O.DO0DG  0.00p0C ©,0D000  0.00000  0.Q0DOD §.0CCOD
Uo2++ 0.0000¢ ©.00000 0.00000 ©.0CDOOO  ©.00000 0.00000 ©.00000 ©.CCOQ0  0.00000  0.00000
NpOzZ+ 0.00000 ©,00000 0.00000 0.06Q0C  0.0000C ©£.00000 ©.00000 0.00000 0.000CO  0.00000
He 0.000ODD  ©.00000 0.00000 0.00000  0.00000 ©.0CCO0  0.00000 0.0000C  0.00000  0.00C0Q
MgB (OH) 4+ 0.00000 0.00000 0.00000 ©.0GDO00  0.0000D  ©.00000 0.0000¢ ©.C00D0  0.00000 0.00000
CaE{OH}4+ 0.00000 0,00000 0.0G0CO  0.0000C 0.00000 ©.0000C  0.00000 0.00000 0.000CO  ©.0O0OO
Amae et 0.00000 ©.0000C 0.00000  0.00000  0.00000 0.00C00  D.QO0O0  0.00000  0.GOOOOC  0.00000
AmCOd+ 0.00000  D.0POOC  0.D000D  0.0DO0O  0.00000  D.00ODD  0.EOOGO  0.00000  D.0OOOC  0.0DDCO
The+se 0.00000 0.00000 0.00C0O 0.000QC  0.0ODOG  ©£.00DOC  0.00000 0.00CGC  0.000G0  O.00000
BaZe+ 000000  0.00000 0.00080 0.00000  0.00000 0.00C00  5.00000  0.00000 O.0ODOD  O.0QC00
NpO2+ §.00000 ©.0000C 0.00000 0.00000 §.00000 ©0.00000 ©0.00GO0  §.00006 0.00000 0.00000
MgB [CH) d+ 0.00000 0.00000 0.00GOO  0.00DOC  §.0000C  0.0000C  0.0C000 0.00C00  0.00060  ©.00GH0
CaR (CH) 4+ 0.060000 0.00000 0.000CO 0.00000  0.0000D  0.00000  0.00000 000000  0.00DO000  O.00GO0
Ameet 0.00000 ©.00000 0.00000  0.000C0  0.00000  0.000CO  £.000D0  0.00000  0.00000  0.00000
AICOI+ 0.00pO0  O.0H0D0  0.00000  D.0POCC  0.00000  O.0000D  D.0OOBO  0.000DD  0.DDOOC  0.00DDD
The++s 0.00900 0.00000 0.00CGQ ©0.0ODOC  0.00000 ©0.00000 0.0C000 0.000GD  0.00000  ©.00Q00
VO2++ 0.00000 ©£.0000C 0.0000O 0.0GGDD  0.00000 0.00000 0.00000 0.0000DC  0.00000  0.0DODO
NpO2Z+ 0.00000 0.0000C 0.0000C 0.00CO0  0.00000  0.00GOO  0.00000  ©.00000 0.00000  0.00000
MgB{OH) 4+ CaB (OH) 4+ 0.00000 ©0.00000 0.00000 0.00O000  0.0000C  ©.00000 0.00000 D.00000  ©0.00000  0.00000
MgB{OH} 4+ A+ 0.00000 5£.00000 0.00066  0.00000  0.00000 ©0.0000C  Q,00000 0.00008 0.00000  0.00000
MgB {OH) 4+ AmCO3+ 0.00000 0.00000 D.000GD  ©.00C00  ©.00000  0.00000  0.00000 0.00000 0.C0000 0.0C000
HgBICH} 4+ Thevss 0.0ODOD  ©,00000  0.0DDOS  O.ppROD  H.00000  0.00000 0.Q00D0  0.0000D  0.00000  D.0D0OD
MyB{OH] 4+ UO2+= 0.00000 0.00000 0.00C00 ©.00000 0.0000C ©£.00000 0.0000C ©.00000 0.00000 ©.00000
Mg {OH} 4+ NpOZ+ 0.00000 €.00000 (.00000 0.00DOC  0.00000  ©.C0000  0.00000 0.0D0C00  D.CODCD  ©.0C000
CaB (OH) 4+ A 0.00000 ©0,00000 0.0C000 0.00000 0.00000 0.00ODC  0.00000 0Q.00000 ©.000CE  O.00000
CaB (OH) 4+ AMCO3+ 0.00000 ©.00000 ©.00000 0.00000 Q.G0O00D  0.00000 0.00000  ©.C0O00  0.00600  0.00000
CaB{(CH) 4+ Thesss 0.0000C G.00000 0.000Q0 €.00000 0.0O0CC  0.00000 0.00000 ©.00000 0.00000  0.00000
CaB {0H] 4+ V02« 0.0000¢ ©0,00000 0.000HG  0.0000C 0.0000C ©0.09000 0.00000 ©0.00000 0.00000 ©.00000
CaB{O0H) 4+ NpD2+ 0.00000  0.00000  D.DCOED  0.00ODC  0.00000 0.0DPOC  0.00000  D.OODRS  O.Q0DCD 0. 0COQD
Ameee AMCO3+ 0.00060 0.00000 £.00000 ©.00000 0.00000 0.0000C  ©.000C0  ©.00000 0.006000 ©0.0d000
A4+ The s+t 0.00000 0.00000 0.00000 0.00000 0.00000 9.00000 ©.000C0 0,00000 0.00000 ©.Q0000
Ame Uo2++ 0.00006 9.00000 ©.00000 ©.00000 0.CODCO  0.00000 0.000C0 ©.00000 0,00000 ©.00000
Amees NpO2+ 0.00000 0.00000 0.000DC 0.000CO  0.00000 0.0C000  0.00000 (0.00000  D.00000  0.000CO
AmCO3+ The+++ 0.00000  0.00000 ©.000DC  0.00000  ©.00GOD  ©0.000CD  0.CDCOO  0.00000  0_00000  0.0000Q
ACO3+ UoR++ ©.00000 0.00000 ©0.00000 0.00000 ©£.0O000 0.0000G ©.000C0 0.00000 0.00000 0.00000
AmCO3+ NpO2+ 0.0DDOD  0.000DO  £.0000D  0.0PO0D  D.ODORE  0.000DD  D.DOOOE  ©.C0000  ©O.0CDOD  £.D0ODD
Th+es+ VOZes 0.00000 0.G00C00  0.00000 O0.000C0  £.0C000  0.0000O  0.0DOO0  0.00D00  O.0DOOD  0.00000
Theess NpO2+ 0.00000 0.00000 0.00000 0.00000  0.0DODO  0.00DCO  0.000CD  ©,40000 0.00000  0.00000
UoZ++ NpO2+ 0.00000 ©.00000  0.00000 ©.00Q00 Q.000GG  C.00000  0_0000C  0.00000 0.00000  0.00000
Am(CO3}2- Am(CO3)3= Clod- NpQZ2(OH)2 NpO2COl. Npl2{C0}) NpQ2(CO3} H2PC4- HPO4= PO4=-
K 0.00G00 0.00C00  0.0000C 0.00000 6.00C00  0.00000 0_DOOGC  C.G00CG  0,00000  0,00008
Caw+ £.00000 0.000G00  0.00000 0.00000 0.0000C  €.0000C ©0.00000 0.C0000  0.00000  O0.0000D
Mg++ 0.00000 ©.0000C 0.000GC 0.00000 0.00000 0.00000 G.COCO0 ©.00D00  ©.00000  0.00000
MFOH+ 0.60000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000  0,00000
H+ 0.00000 0.00000 0.00000 0.00000  ©.00000  0.00000 ©.00000 ©€.00000 G.0C000  0.00LOC
MgB (OH) 4+ 0.00000 0.0000C ©0.00000 0.00000 $©.00000 ©.00000 0,00800 0.00000 0.00000 0.0C000
caB{OH) 4+ 0.00000  0.04000  0.00000 ©0.00000 C©.00000 0.000C0 0.00000 ©0.00000 0.00000 0.000C0
A st 0.00000 0.GGCO0  0.00000 0,00000 ©0.00000 0.00000 0.00000 0.00000 0.00000  0.00000
AMCO3+ 0.60Q00 0.00000 D.0000D 0.00000 0.00000 ©.00000 0.000GG  0.00000 O.0G0GD  0.00000
Thet+ss 0.00000  ©.00000  0.00000 ©.00000  0.00000 0.00000 0.0Q800 0.00000 0.0000C 0.00000
UO2+~ 0.0G000  0.0C000 0.0000C 0.00000 ©.00000 0.00000 0.00000  0.00000 0.00000  0.00000
NpO2+ 0.00000 o0_0OGOC  0.0000C 0.00000 ©.0G000 0.00000 0.00000 0.00000  Q.00000  0.00000
Ca++ 0.00000 0.00000 0.00000 ©.00000 0.00000 0.0C000 0.00000 0.00006 0.06000C §.00000
Mg+ 0.00000 ©0.00000 0.00000 0.000G0 0.00000 0.0000G  0.COCOO  0.00000  0.0000C  0.Q00GO
MgOH+ 0.0pa00  0.60000  0.00000  0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©0.00DCO
He 0.00000 ©.00000 0.00000 0,00000 ©.00000 D.00D00  0.00000  ©0.00000 0.00000 0.00000
MgB (OH) 4+ 0.00000  6.00Q00  0.00000 0.00000  0.00000 0.00000 0.00000 0.00060 0.0000C  0.00000
CaB (OH) 4+ 0.00000  0.00000 0.00000 0,00000 0£.00000 0.00000 ©.00000 0.00000 0.00000  0.00000
Amr+a 0.00000 ©0.000OC 0.0000C 0.00000 £.0000C  ©.00000  0.0000C  ©.00000  0,00000  0,Q00000
AmCO3+ 0.00000 G.GG00C  0.000G0 ©.00000 9.00000 0.00000C O.00000 0.0G000 Q.Q000C  (.00060
The ++4 0.0000¢ ©.00000 0.00000 0.00000 0.00000 9,00000 ©.00C00 0.00000 0.00000  0.0000C
Q2 ++ 0.00000 ©0.0000C 0.00000 0.00000 ©.0C000 0.00000 0.0000C  G.00000  0.00000 0.00000
NpOZ+ 0.0C000  0.0G00C  0.00000 ©.0000C 0.000CC G.HOODO  0.00000 ©.00000  0.00000  O,00000
Mg+e 0.0000C ©.0Q00C 0.00000 G.000D0  ©.00000 0.00000 ©.CO000  0.00000 0.00000 0.00000
MgOH+ 0.00000 0.00000 0.0000C 0.00000 ©.00000 ©.D00DC 0.000GD  G.0O000  0.00000  0.00000
H+ 0.06000 0_00GG0 0.00000 ©0.00000 ©.000060 ©0.00000 0.00000 O_000D0  0.00C00  O.00QO0
MgB {CH) 4+ 0.60D0C  €.00DOO  D.DODOG £.00000 G.000GG  0.DOOOG  0.000GG  0.0000G  0.00000 0.G0000
CaB [OH) 4+ 0.00000  ¢.00000 0.00000 0.00000 ©0.0000C ©.00000 0.000CC ©.C0000 9.00000  0.00000
Amese 0.00000  0.0DOO0  0.00000 ©.00000 0.0000C 0.00000 0.00000 ©0.00000  0.00000 0.0C000
AmCO3+ 0.00000  0.000G0  0.00000 0,00000 0.00000 0.¢0000 Q,00000 0.00000 0.00000C  5.00000
Thases 0.00000 ©.00000 ©0.0000C ©.00000 D.0000G  ©.00000 0.0000O  ©O.CHOOD  0.00000 0.00000
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Cawr U024+ 0.00000 0.00000 ©.0aco0 0.00000 0.06C000 0.cCoo0 0.00000 0.0Go0oU 0.00000 0.00000
Car+ NpO2+ 0.00000 0.00000 0.o0Cco0 0.00000 0.00000 0.o8000 . 00000 0.00000 .00000 4.00000
Mg++ MgOH+ 0.00000 0. 0Go00 4.00000 o, co000 0.000%0 0.00000 0.00000 C.000Qn 0.00000 0.00000
Mger H+ 0.00000 D.00000¢ 2.00000 0.0ceoe G.00800 0.00000 G.00000 0.00004 0.00000 0.00000
Mg+ MgB (OH) 4+ C.00000 0.00¢00 D.C000D 0_ooeoo c.0oGeoo g.eoco0 ©.000¢0 0.o0a00 2.00000 0.00000
Mg++ CaB [OH) 4+ 0.00000 0.00000 0.0o000 0.00000 0.00000 0.ococoo 0.00000 0.0c00n 0,00000 0.00000
Mg++ Batee st ¢.00coo 0.00000 0.00000 0.00000 0.00000 0.c0000 0.00000 0.00g0n 0.09000 0.00000
Mg++ AmCO3+ €.00000 0.00000 0.00000 4.,00000 0.000c0 0.0C000 0.00000 0.06000 0.00000 0.00000
Mgee The+++ D.o0opo 000000 0.00000 0. 00000 0.00000 0.00000 0.00000 0.0000) 0.00000 ©.00000
Mg++ TOZ++ 0.00000 Q.00000 0.60000 0.o0co0 0.00000 ©.00000 0.00000 0.00002 0.00000 0.00000
Mg+~ NpOZ+ 0.00000 0.00000 G.0C000  0.00000 0.00000 0.00000  0.00000  ©.0000) ©.00000  0.00000
MgOH+ H+ ¢.00g00 0.00000 ¢.00000 0.00000 o0.00000 0.00000 C.00000 0.00002 C.00000 0.00000
MgOH+ MgB {OH) 4+ 0.00000 0.00000 ©.000D0 0.000DO  0.0DOGC  0.00000  0£.0000C 0.00003  0.00000 0.00000
MgOH+ CaB{OH) 4+ 0.00000 ©0.00600 ©.00000 0.00000 0.00000 ©6.00000 ©.0000C 0.00G003  0.00000  0.00000
MgOH+ Al o+ 0.00000 0.06000 0.00000 .00000 0.00000 {.00000 0.00000 0.00002 0.00000 0.00000
MgOH+ ACC3 e 0. 00000 0.00000 0.00000 0.000c0 d.00000 0.00000 0.0C000 9.000G) 0.00000 0.c00C0
MgOH=~ The+++ ¢.0gooo 0.00000 0.00000 0.00000 ©.000c0 0.00C00 0.00000 0.00003 ©.00000 0.00000
MgOH= VO2++ 0.00000 0.000600 0.00000 Q,00000 0.00000 0.00000 0.00000C 0.00000 ¢.ogopo 0.00000
MgOH+ NpO2+ 0.00000 0.00000 0.00000 0.00000 0.00000¢ 0.00000 ¢.00000 0.00000 0.00000 0.00000
HE+ MgB (OH) 4+ 0.00000 C.00000 0.00000 0.00000 0.0000D 0.00000 0.00000 0.00000 0.00000 0.00000
H+ CaB (CH) 4+ ¢.00000 0.co000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.000C0
He A+ + 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.0000C 0.00000 0.00000
H+ AmCO3+ 0. 00000 0.00000 0.00000 0.oodce 4.00000 0.00000 0.00000 0.00o00 0.00800 0.00000
He Thee=+ 0.00000 0.94c00 0.00000 ¢.0000Q0 0.00000 0.00000 C.00000 ¢.oepoo 0. 00000 0.00000
He UO2++ 0.000G0 0.00C000 0.00060 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
H+ NpO2+ 0.00000 0.0c000 0.00000 0,00000 0.00000 ¢.00000 0.00000 0.0o000 0.00000 0.00000
MgB(OH) 4+ CaB (OH) d= 0.00060 ©.0C00C  0.0000C  ©0.000C0  0.00000  0.00000  ©0.90000 0.00000 0.00000  ©.00000
MgB (OH) 4+ Bnia o+ . 00000 0.0c0o00 0.00000 C.og0oaco 0.00%00 0.00000 0.00000 0_00000 0.00000 0.049000
HgB {OK) 4+ AMTO3+ . 00000 0.00000 0.004000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
MgS (O} 4+ The+sn D. 0ooDD 0.00000  D.GOD0OD 0.coooc D.00000 0.00000 0.00000 {4.0D000D 0.00000 0.00000
MgB (OH) 4+ Uo2++ 0.,00000 0.gogceo ¢.00000 Q.00000 0.000c0 0.00000 0.00000 0.0p0c0 0.00000 0.00000
MgB(OH] 4+ NpO2Z+ 0.00000 C¢.c0oce 0.00000 €.00000 G.00000 0.00000 0.00000 0.00000 0.00000 0.00000
CaBiCH) 4+ Ameas 0.0000C ©.00000 0.00000 ©.00000 0.40000 9.00000 0.0000C 0.00DC0C  0.00000  ©.00000
CaB(OH) 4+ AmMCOls 0,000 0.coQo0 0.00000 £.00000 9.00000 0.00000 0.90000 0.00000 0.00000 0.00000
CaB{(OH) 4+ The+++ 0.00000 0.00000 0.00000 0.ocooo 0.900000 0.00000 0.90000 4.00000 0.00000 0.00000
CaB{0OH) 4+ VO2++ &. 00000 0.00000 ©.0000C 0.co000 0.00000 0.000C0 0.00900 0.00000 0.00000 0.C0000
CaB{OH} 4+ RpO2+ b.00000 0.00000 0.00000 0.00000 0.08000 0.000c0O 0.00000 0.000c00 0.00000 0.00000
Altre++ AmCC3+ 0.0Q000 0.000¢0 0.00000 0.00000 9.00000 0.00000 0.00000 0.C00C0o 0.00000 0.00000
Ame Th+++4 0.00000 0. Q000 0.0Q0Cc00 9.00000 0.000CC 0.00000 0.00000 0.0oaco 0.00000 0.00000
Affis w4 UO2++ 0. 03000 0.cooc0 0.0000¢ 0.00000 0.00000 0.00000 0.00000 0.0o0Co 0.00000 0.0000¢
A+ NpO2+ 0.0000C D.coooe 0.00000 0.00000 0.00000 0.00000 0.00000 0.000Co 0.00000 0.00000
AmMCO3+ Thesne 0.o000C 0.00000 0.00000 £.000C0 0,00000 0.00000 0.00000 0.000CO 0.0Q000 ¢.00000
ATCO3 4+ VO2++ O.6O000 0.00000 0.00000 0.00060 0.00400 0.00000 0.00000 0.000C0 0.00000 0.0000C¢C
AMCO3+ RNpO2+ . CopoD 0. 00000 4.00000 ¢.oo0ob 0.00000 ¢.00000 0.00000 0.000CD 0.00008 0.00000
The+++ U024+ 0.00000 0.00000 0.00000 0.00000 0.000c0 0.00000 c.0ocoo 0.000C0 0.00000 0.00000
The++4 NpO2+ 0.00000 ¢.00000 ©.00000 0.00000 0.000C0 0.00C00 0.00000 ¢.000C0 0.00000 0.00000
UO2++ NpO2+ 0.00080 0.390000 0.,000800 9.00000 0.00000 Q.00000 ¢.000Co 0.000C0 0.00000 0.00000
Anion-Anion-Cation Ternary Interacrions: psil(..,)

Na+ X+ Cass Mg++ HgOHE+ E+ MgB{OH)d+ CaB(OH) 4+ Am+++ AmCD3+
cl= 504= 0.00140 0.00000 -0.C1800 -0.00400 £.cc000 0,90000 0.00000 9.000C0 Q.00CcC0 0.0C000
cl- HS04- -0.00600 0.00000 9.00000 0.00000 ¢.0R000 0.01300 a.00000 0.000C0 D.cocee 0.00000
cl- GCH- -0.00600 ~0.00600 ~-0.02500 0.00G00 0.00000 0.00000 a.eoe0d G.000C 0 G.¢0000 0.06000
€l- HCC3- ~0.01500 0.00000 0.00000 -0.09600 C.00600 2.00000 Q.00000 0.000C0 o.0ooo0 0.00c00
Ccl- coi= ¢.00850 Q.00400 ¢.00000 Q.00000 0.00C00 0.0C0000 0.00000 G¢.00000 0.00000 0.00000
cl- B{OH) 4- -0.00730 0.00000 ¢.00000 0.00000 c.o00000 0.C00o0 0.00000 C.00000 0.00000 0.00000
cl- BIO3{OH) 4~ -0.02400 0.00000 0.006000 0, 00000 0.00000 0.00000 0.00060 0.0poco C¢.0poooD 0.o00a0
cl- BO5 (DK} 4= 0.62600 £.006000 0.00000 0.p0o00 0.00000 0.00000 0.00000 0.00000 0.000¢0 0.c0000
Cl- Br- 0.00000 0.00000 0.00000C 0.,0c00C 0.003000 €.00000 0.09000 G.00000 0.002C0 0.00000
cl- Am{CO3}2- 4.08000 0.o0co00 0.008000 0.oc000 0.00000 0.00000 0.00000 Q.00000 a.ooceo 0.00000
Sl Am(C03) 3=- {.00000 0.00000 0.00000 0.00000 €.00000 0.0000¢ 0.00000 0.00000 g.cocon 0.00000
faf i cloé- {0.00000 0.00000 0. 00000 0.0000C 0.00000 0.00000 0.00000 Q.0000:0 0.cocoo 0.00000
Sl NpO2 (CH} 2~ 9.G0000 0.00000 0.0C0000 0.00000 C.00G00 0.04000 0.00000 £.00000 4.00000 0.0G000
€i- RpO2C02 - G.00000 0.00000 0.00000 0.00000 ¢.00000 0.00000 0. 00000 0.00000 4.00000 0.00000
Cl- NpO2Z (C03) 2=~ 0.90000 0.00000 0.00000 0.Q0000 0.90000 0.000C0 0.00000 0.00000 0.0000¢ 0.00000
Cl- NpO2{CQ3}3=== 0.00000 0.0c0000 0.00000 0.o0000 0.00000 0.000C0 0.00000 4.00000 0.00000 ©.00000
Cl- H2PO4- 0.00000 -0.01000 0.00000 G.00000 9.40000 0.00000 0.00000 4.00000 0.00000 0. 08000
Cl- HPC4= .00000 Q.00000 0.08000 0.00000 0.codo0 0.00000 0.0e000 0.0000Q Q.00000 0.00000
cl- POd=~ 0.00000 0.00000  O.60000 0.00000 0.00600 ©.00000 0.00000 0.00000  0.00C00 0.00000
S04= HSO4~ -0.00%40 -0.08770 0.00000 -0.04250 ¢.00000 C.00000 0.o0Cc00 0.40000 0.00000 0.00000

OH- -0.009%00 -0.05000 0.00900 0.00000 0.00600C 0.00000 o.o0ce0 ¢.Ceooo 6. 00000 a.00cp0

HCO3~ -0. 00500 0.00000 0.00000 -0.161C0 0.00000 0.00000 0.006000 0.00000 0.006000 ¢.Cc0000

SO4= CO3= -0.00500 -0.00900 0.9000C ¢.0000¢C 0.C0000 0.00000 0.¢0000 0.0coue 0.000c0 0.00000
S504= B(OH}4- 0.00000 0.0Q000 Q.00000C 0.00000 0.00000 0.00000 0.60000 0.000G0 0.00000 0.60000
504= BIO3[OH) 4~ 0.00000 0.00000 0. 00000 0._00000 0.00000 0.80000 £.00c80 0.00000 0.00000 0.00000
S04= B4OS5{0H) 4= . %0000 0.00000 0.00000 G.00000 o.oope 0.cog00 C.o0C000 0.oe000 C¢.00000 0.00600
S04= Br- 0.00000 0.00000 0.00900 0.000C0 0.000c0 0.ocCcon 0.00000 0.00000 0.00000 0,.000D0
504= AR(CO3Y2- 0. 00300 0.00000 0.00000 0.00000 0.00000 0.00000 C. 00000 0.00600 0.00000 0.00000
S504= Am{CQ3) 3== 0. D000 0.00000 0.00000 0.0c00C 0.00000 0.00000 0.00000 0.00000 4.00000 0.0C000
504= Clo4~ 0. 00000 0.06000 4.00000 0.00600 0.00000 0.00000 0.o00C0C0 0.00030 C.00000 0.0C000

= NpOZ (OH) 2~ 0.00000 0.00c00 4.00000 0.00C00 0.0cC000 ¢.0c0c00 C.0oeeo C.0o0a0 ¢.Qo000 0.00000

504= NpO2C03- 0.bo000 0.00000 0. 00000 0.00000 .00000 0, oeeo0 0.00000 0.0C020 0.00D00 0.00000

3 NpO2{C03}2=- 0.00000 0.00000 0.00000 0.00000 o.0oooc00 0.0GCa0 {¢.00000 0.00030 0.00000 0.00009
77 S0d= NpQ2 (C0313==- 9.68000 0.00000 0.00000 0.00000 0. 00000 0.00000 0.00000 0.00020 0.00000 $.00000
H2PO4 - 0.00000 0.00090 0.00000 0.00000 0.00000 0.00000 0.90000 0.00030 0.00000 0.00000

HPO4= 0.90000 0.0G000 0.00000 0.00C00 ¢.00coo 0.00000 0.00000 0.0c020 C.00000 0.00000

PO4=~ 0.00000 0.oceoo 4.00000 0.00000 c.oocoe 0.00000 C¢.0000C 0.00020 0.00000 0.00000

OH- 0.po000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000

HCOd -~ Q.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 £.00000
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H504- coas 0.06000 0.00000 ©0.00000 ©.00000 ©.00002 0.00000 ©.00000 0.00000 ©.00CDC  ©O.00000
B{OH]4- 0.0000C 0.00000 0.D00OD 0.00000 0.00060 0.00COC  ©.00000 0.00000  0.00000  ©.CC000

B303 (CH) 4- G.00000 0.00D00 ©0.000600 0.00000 0.00000 ©.0000C 0.00000 ©0.00000 0.00000 0.00000

B4OS5{0HI 4= 0.00000 ©0.00000 0.00000 ©.0ODOC 0.00000 ©.00000 0.00000 ©.00000 ©0.00000  ©0.00000

Br- 0.00000 0.0D0Q0 ©.00000 ©0.00000 0.0000C 0.0000C ©.00000 ©.00000 0.0000C 0.00000

AmiCO3)2- 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.000GC ©.00000 0©.00000

Am(CO3)3=- ¢.00000 0.00000 ©.00000 ©.00000 ©.00000 0.00CCC ©.00C00 0.00000 (0.00000 0.00000

Clo4- 0.0D000 ©0.00000 0.00000 ©.00000 0.0000C ©.0CCOC- ©.00000 ©0.000060 0.00000 ©.00000

MpO2 (081 2- £.00000 ©.00000 ©.00000 ©.DDDOD  0.000D0  0.0DDOC  0.00000 0.00000 0.00000  ©.05000

NpO2003- £.00000 0.00000 0.00000 ©.00000 0.0000C ©.0CCCC  ©.00000 0.000C0 0.00000  C.CO00O

NpO2 {CO312=- 5.0000C 0.00000 0.00000 0.00000 ©£.0000¢ 0.C00CC £.0000C  0.00000 0.C0000  ©.0000C

MpOZ(CO313==- ©0.00003 ©.00000 ©.00000 ©0.00000 6.C0000  £.0COCC  £.00000  ©£.00000  £.00000  0.00000

H2PC4- 0.00000 0.00000 ©.00000 ©.00000 D.000GC ©.00000 0.000C0 0.00000 0.00000 ©.00000

HEO4= 0.0000C 0.00000 0.00000 0.00000 0.00000 ©0.C0000 0.00000 ©.00000 0.0000C 0.00000

POd=- 0.00000 0.00000 0.00000 ©.00000 ©0.00000 ©.GOCDC 0.00000 ©.00000 ©.00000 0.00000

RCO3- 0.00000 ©0.00000 ©.00000 ©.00000 ©.00000 ©.0DOOQ 0.00000 0.00000 ©.00000 0.00000

cols= -0.01700 -0.01000 0.00000 0.00000 0©.C0000 §.000C0 ©.00000 ©.00000 ©.00000 ©.00GOC

B(OHI &~ 0.00000 ©0.0000C ©.0000C 0.00000 0.00000 ©.00000 ©.00000 ©.00000 ©.00000 ©.00000

B31C3 [OH) 4~ 0.0DO00C ©0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©0.C0000 ©.00000 ©0.00000

B4OS (OH} 4= 0.0co0d ©.0000D O0.000DD ©.00000C 0.ODOOO C.OQDDC ©.00000 ©.00000 ©0.00000 ©.00COO

Br- 0.00000 D.0000C ©.00000 ©.00000 ©0.000C0 0.Q90000 Q.00000 ©.000CO  ©.00006 O.00000

Am(CO3}12- 0.00000 ©.00000 0.00000 0.000D00 ©.00000 G.coOCO  0.00000 0.00000 ©0.00000 O.00000

Am{CQI}3=- ©.0coDD  ©£.DDODD  0.000DC  ©.00DDO  ©.00DO0  £.O000C  0.0000D ©0.00000 0.0000C  O.0000C

Cl04- 0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 ©.00000 ©.00000 ©.00000 ©£.00000 0.0G00D

NpO2 (OB 2- 0.0000C ©.00000 0.0000C 0.0000C 0.0000C 0.00000 0.C000C  ©0.00003 0.00000 ©.0C0DC

NpO2003- ©.00000 ©.00000 0.00000 ©.000CO 0.00000 ©0.00000 ©.00000 0©.00C00 0.00000 0.00600

NpO2{C0312=- 0.00000 0.0000¢ ©0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.C0000 0.00000 0.00000

NpO21CC3i3x=- 0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.c0000 0.00000 0.03000 0.00000  0.00000

H2PO4- ©.00000 ©0.00000 0.00000 0.00000 0.0000C 0.00000 ©.000C0 ©.00000 0.00000 ©.00DCO

HPOd= £.DOCOD  D.00DOD  0.00COD  0.0DDOC  0.000D0  0.p00OC 0.00000  0.00000  0.00000  ©.000CO

PO4=~ ©0.00000 0.00000 0.00000 0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000

ro3= £0.0p0200 0.01200 ©0.00000 ©0.00000 D.000GC ©.QQOGD 0.000CO  0.00CCC  ©0.0D00C  0.00000

B{OH) 4~ 0.00000 0.00000 0.00000 ©0.0000C ©0.00008 0.QODDOC 0.0000C 0.0000C  0.00000  ©.00000

B303 (OH) 4- £.00000 0.00000 ©,.00000 ©.00000 ©.00000 0.¢0000 0.00000 C.C0000 0.0C000 0.00000

B4OS (OH) &= £.DCODO  0.00000  0.00000 0.000060 D.00CCO  ©0.000600 0.DC0CO  0.00000 0.00000  ©.0Q000

Br- D.ppooo  D.00DDP  0.00DO0  9.0DD0D  ©.O0OCC  G.ORODD  0.0DOCD  0.00000  0.00000  ©.0000O

Am(CD3}2- 0.000DC  D.OODOD  0.DOPOO  0.DOCOOO  0.00000  ©.00000  0.00000 0.00000 0.00000 0.00000

Am(CO3) 3=- 0.00000 0.00000  0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000  ©.00000  D0.00000

Cl04- 0.00000 ©.00000 0.00060 0.00000 0.00000 0.0000C ©0.00000 0,00000 0.00000 0.00000

NpO2 (0H) 2- £.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00QQ0  0.00000 0.00000 0.00000  ©.0DQOO

NpO2C03- 0.00000  £.00000 0.00000 0.00000 0.0000C 0.0000C  0.00000 0.00000  0.00000 ©.00000

NpO2 {0031 2=- 0.00000 ©.00000 0.00600 ©0.00000 0.00000 0.0000C  0.00000 0.00000 0.00000 0.00000

NpOZ2(CO3)3a=—  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

H2PO4 - 0.p0pOD  D.ODODD  0.000PC  0.00000  0.00D00 ©.00000 0.00000 0.00000 D0.00000 0.00000

HPO4= 0.00000  0.00009 0.00000 0.00000 0.00000 D.0O0OC  0.00000 ©.00000 0.00000 Q.060C0

PO4=- 0.00000 0.0000¢ 0.00000 0.00000 0.00000 ©.000CO ©.00000 ©.00000 ©.00000 0.0000C

B(OH) 4~ 0.90000 0.00000 0.00000 ©.00000 0.00000 ©.p0OO0 ©.00000 ©0.00000 ©.00000 ©0.00000

B303 (OH) 4~ 0.00000 0.00000 0.00000 0.00000 0.00000 ©.0000C ©.00000 ©.00000 0.00000 O.00000

B4OS (OH) 4= 0.0000C 0.00000 ©0.00000 ©0.00000 0,00000 ©0.0000C 0.00000 ©0.00000 0.00000 0©.00000

Br- ©.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 ©0.00000 ©.00000

Am{C03)2- 0.00000 0.0000p 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 ©.00000

Am(003) 3=~ £.00000 0.00000 0.00000 ©.00000 ©0.0000C ©.00000 0.00000 ©.00006 ©.0000¢ 0.00000

c104- 0.0000C 0.00000 ©0.00000 ©.00000 6.00000 ©0.00000 ©.000G0 ©0.00000 0.0000G  O.00000

NpO2 (OR)2- 0.00000 ©.0000¢ ©.00000 ©.00000 ©.00000 ©.00000 ©0.00000 ©0.00000 ©.00000 ©.00000

NpO2003- 0.00000 ©0.00000 0.00000 0.00000 0.0000C ©.00000 0.00000 0.00000 ©0.00000 0.00000

NpO2 (CO31 2=~ 0.0000C 0.00000 0.00000 0©.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000

NpG2(CO3}3==- 0.00000 0.00000 0.00000 0.00000 ©.00000 ©0,p0DOC ©.0000C 0.00000 ©.00000 0.00000

HIPO4- 0.pC00C  0.00000 ©0.00000 ©0.0000C 0.00000 0.00000 ©.00000 0.0000C  ©.00000  ©.00000

HPOd= ©0.00000 ©.00000 ©0.00000 0.00000 ©.0000C ©.0GOQ0 0.00000 0.00000 0.00000 ©.00000

POd=- 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.p0O0C ©.00000 0.00000 0.00000 ©.00CCD

B30 (OH) 4 - 0.00000 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000

B4OS (OH) 4= ©.00000 ©0.00000 ©.00000 0.00000 0.00000 0.0C000 0.00000 O©.00000 0.00000 ©0.00000

Br- 0.00000 0.00000 ©0.00000 ©0.00000 (©.C00CC (©.00000 ©.00000 ©.D0000 ©0.00000 ©O.000O0

BICH) &~ Am{CO3)2- ©.00000 ©.00000 0.00000 (©.000CO ©.00OCC ©.000QC Q.000GC G.0DDOOD  0.000Q0D  O.GOGOE
BiOH) 4~ An(003)3=- 0.00000 0.00000 0.00000 ©.00000 ©.00000 0_GCO0O 0.00000 0.0000D  ©0.C000c  ©.00000
B{OH} 4~ cio4- ©.cOC00 ©.00000 ©€.00000 ©0.0000C ©.00000 ©._000O0 D0.00000 ©.0000C 0.00000  ©.0Q0000
B(OH) &~ NpO2 (OH) 2= 0.00000 ©.00000 0.00000 0.000C0 ©0.0000C €.0000C 0.00000 0.00000 ©.00000 0.0000C
: B(OR)&- NpO2C03- 0.00000 ©0.00000 0.00000 ©.00000C ©0.00000 ©0.000CO ©.00000 0.00000 0.00000 ©.00000
B(OH) 4- MpO2 (CO312a- 0.00000 C©.000gc ©0.00000 0.00000 0.0000C @.00000 0.00000 0.00000 ©.0000¢ ©.00000
BIOH}4- MpO2{C03)3==- ©.00000 ©.C0060 0.00000 ©.00000 ©.00DCC O.000D0 ©.00000 ©.00000 ©.00000 ©.0000O
B(OH) 4~ H2PO4- £.00000 0.000h0 ©.00000 ©.00000 ©.00000 0.00000 ©0.00000 0.00000 0.000CO  0.00000
B(OH) 4~ HPO&= 0.00000 ©0.000p0 0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 0.00000 ©.00000  ©.00000
B{OK)4- PO&x- 0.00000 0.00000 ©.00000 ©.00000 ©.000CC ©.00000 ©0.00000 ©0.0000C 0.00000 0.00000
B303 (OH) 4~ B4CS (0K} 4= 0.00000 0.00090 ©.00000 ©.0000C ©.00000 O0.000C0C ©.00000 0.00000 0.00000 ©.00000
B30 (OH) 4- Br- 0.00000 ©.000pp 0©.00000 ©0.0000C 0.00000 G.000C3 0.00000 0.00000 (©.00000 0©.00000
B30 (OH) 4~ Am{c03}2- 0.00000 0.00090 0.00000 0.00000 0.00000 G.G0G00 6.00000 0.00600 0.00000 ©O.00000
B303 (OH) 4- Am(CO3)3=- 0.0000C0 0.08000 0.00000 ©.0C000 ©6.00000 G.0COCO 0.00000 0.00000  0.00000  0.00000
B303 (OH) 4- Cl04- 0.00000 ©.000pe ©0.00000 ©.0000C ©.0D000  ©.DOOCO  0.00000 ©.00000 (€.00000 ©.0DOOD
B303 (OH) 4~ NpO2 (OH) 2- ©¢.00000 ©.000p6 ©0.00000 ©0.00000 ©0.00000 ©.00C00 Q.0000C ©.00000 ©.00000  0.00000
B303 (OH) 4~ NpO2C03- £.00000 0.000p0 0.00000 0.00000 ©.00000 ©.00000 0.00000 ©€.00000 0.00000  ©.00000
B30} (CH) 4~ RpO2{CO31 2=~ 0.00000 ©.000p0 ©0.00000 ©0.00000 ©£.000G0 ©.00800 0.00000 ©.00000 ©.00000 ©.00000
B303 (OH) &~ NpO2(CC3}3==- 0.00000 ©€.00000 ©0.00000 ©.00000 0.00000 ©.C0CO0 €.00000 0.00000 0,00000  ©.00000
B303 (OH14- H2PO4- 0.00000 0.00000 0.00000 0.00000 ©0.00000 £.00000 0.00000 0.00000 @.0000C ©.00000
B3O} (CH) 4~ HPO4= 0.00000  ©.0000C 0.0CO00  0.00000 ©.00000 ©.00C00 ©.00000 ©.00000 ©.0CCO0  ©.00000
B303 (OH) 4~ PO4=- ©.00000 0.000pg  0.00000 0.00000 ©.00000 ©.00000 ©.00000 0.00000 0.0006¢ 0.00DOD
B4OS (OH) 4= Br- 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©€.0Q000 0©.00000  ©.00000
B4OS (OH) 4= Am{CO3) 2~ ©.00000 0.000p0  ©.00OOD  0.00000 0.000C0 _0.0000C  0.00000 0.00000 0.00000  ©0.00000
B40S (OH) 4= Am(C03} 3=~ ©.0000C  0.00000 ©0.00000 0.00000  £.00000 0.00000  0.00000 0.00000 0.00000 0.00000
171 B4AOS(OH) 4= C104- 0.00000 0.000p0p 0.00000 0.00000 0.00000 ©,00000 0.00Q00 ©,00000 ©.000p0 ©D.00000

P02 BLOS (OH)4= NpQ2{OH} 2+~ 0.00000 £.000pp 0.00000 0.00000  0.D0DOQ £.08000 D.0DDOO 0.00000 ¢.000p0 0.p0000
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B4OS (OH} 4= NpO2003~ 0.00000 ©.00000 0.00000 0.00000 0.00000 O.00000 0.00000 C.0000C 0.0000C  O.00RDO
B405 (CH) 4= NpO2 (CC3}2=- a.opoeo ©.00000 0.00000 0.00900 0.00000 0.00009% 0.00000 0.00000 0.c0000 0.oc000
B4OS (OH} 4= NpOZ(CO3i3==- 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.00000
B40S (OH) 4= HZPO4- 0.00000  ©.00000  ©0.00000 ©.00000 0.00D00  0.0Q0000 ©0.0C0G0 ©£.00000 0.00000  ©.00000
P40S [OH) 4= HPO4= 0.00000  0.00000  0.00000 0.00000 0.00000 0.00000 0.0GGCO  0.00000 0.00000  O.00000
B4OS (OH) 4= POd=~ 0.00000  ©£.00000  0.0000C  0.00000 ©.00DOC  0.00000 0.0C000  ©.00000  0.00000 ©.00000
AMICO3)2- 0.000DC  ©£.00000  0.000GC  ©.0D000  0.00000 0.00000 0.00000 0.00000  ©0.00000  ©.00000
Am{CO3} 3%~ 0.00000  £.00000  0.000CG0  ©.00000 0.00000 0.00000 0.0G0O0  G.00000 0.00000 ©.00000
c10é- 0.0000C  0.00000 0.00000 0.00000  0.0000C 0.0C0O0C 0.00000 £.00000  0,00000 ©.00000
NpO2 (CH}Z- 0.0000C0  0.000090  0.00000 0.00000 0.00000 0.00000 0.00000 0.000C0 0.00000 ©.C0OOD
NpO2C03- 0.00000 ©.00000  0.00000 0.0000C D0.0000C  0.0CGO00  D.GODO0  0.000C0  0.00000 ©.00000
NpO2 (€03} 2=- 0.00000  0.00000 0.00000 0.00000 0.00000 0.0CO00  0.00000 0.00000 0.00000 &,00000
NpO2(Co3}3==- 0.00000 0.0DOO0  0.000Q 0.00000 ©0.00000  0.00000 0.00000  0.000C0  0.00000 0.00000
H2POL- 0.00000  ©.00000  0.0DCOO  0.00000  0.00000  0.0000C  0.00000 0.000¢0  0.00000 0.000CO
HPO4= 0.00000 ©£.00000 0.00000 ©0.0000C 0.000D0 0.0000C 0.00000 0.000C0 0.00000 0.00000
Bre PO4s - 0.00000 G.00000  0.00000 0.00000 0.00000 0.0C000 0.00000 O.000C0  0.00000 0.00000
Am{CO3)2- Am{COI)3=- 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.0000C 0.00000 0.000(0 £.00000 0.00000
Am(CO3) 2~ Cl04- 0.00000 ©£.00000 0.00000 0.00000 0.0000C 0.0CCO0C 0.00000 0.000C0  ¢.00000  0.00000
Am{CO3)2- NpO2 (OH} 2~ 0.00000 0.00000 0.00000 0.00000 0.000DC  0.0PCODC  D.00000  0.000CO  C.00000  ©.000CO
Am{CO312- NpO2C03- £.0C0G0  €.00000 0.00CO0  0.00000 0.00000 0.0C000 0.00000 Q.000C0  0.00000  0.00000
Am(CO3)2- NpOZ2 (€032~ 0.0000C 0.00000 0.00600 0.00000C 0.00000 0.CGO0C 0,00000 0.000C0 0 00000  0.00000
Am(CO3)2- NpO2 (CO3)3==-  0.00000 0.00000 0.00GD0  0.00000  0.00000 0.0000C  0.00000 0.000CO  C.00000  0.00000
Am{CO3) 2~ HZPO4- 0.00000 ©.00000 0.00C00 ©0.0000C 0.0000C ©.0000C 0.00000 0.0DOCO  0.00000  0.00000
Am{CO3)2- HPO4= 0.0CODD  £.00000  0.00000 0.00000  0.00000 ©.00000 0.00000 0.000C0 C.00000  ©.00000
Am[CO3)2- POd=- 0.0C0C0 0£.00000  D.0DGOD  0.00ODC  ©0.00000 ©.00000 0.00000 0.000C0  C.00000 0.00000
Am(CO3) 32 Clo4~ 0.00000  ©.00000 0.00000 0.00000 0.00000 0.000C 0.00000 0.00GC0  0.00000 0.000CO
Am{CO3) =- NpOZ (OH) 2- 0.06000  0£.00000 0.00C00  0.0000C  0.00000 0.0C000 0.00000 0.00CGCO  C.0000C  0.000G0
NpO2C03- 0.06000  G.00000  0.00009 0.00000 0.Q0000 0Q.0CCO0C 0.G0000  0,000C0  0.00000  0.00060
NpO2 (CO3) 2=~ 0.00000  £.00000 0.00000 0.0000C 0.00000 0.0CODC  0.00000 0.000C0 ©.0000C  ©.00000
NpO2 (CO3}3==- 0.000600 0.00000 0.00000 0.00000 0.00000 0.06000 0.00000 0.000C0  C.0000C  0.000C0
H2ZPO4- 0.0C000  0£.00000 0.0000Q 0.0000C  0.0Q0000  0.00000  0.00000 0.000C0  C.00000  0.00080
Am(CO3) 3=~ HPO4= 0.060CC  0.0C000 0.00000 0.0000C 0.0000C (©.CC0O0  0.00000 0.0C0CO  C.DOOOC  0.00000
Am[CO3)3=- POd=- 0.006000  ©£.06000 0.00600 ©0.00008  0.0000C  ©.0800C 0.00000 ©_0OOLO  G.00000  0.00080
Clo4- RpO2 (CH) 2- 0.0C00C  G.0C000  0.0DCOO  0.0000C  0.0000C  0.00000 0.00000 0.0CCCO  €.00000  0.00000
Cl04- NpOzCel- 0.06000  0.00000 0.00000 0.0000C  0.000CC  ©.0000C 0.00000 0.000CO0  ©.00000  0.00000
c104- NpO2 (€03} 2=~ 0.00000  0.00000 0.00000 0.0000C 0.0000C  ©.00006 0.00000 0.000C0  C.00000  ©.00000
104~ NpO2{CO3)3==- 0.00000 0,00000 0.00000 0.00000 0.0Q006C  0.00000 0.00000 0.000C0 €.00000 0.00000
C104- H2PO4- 0.000C0  0,.00000 0.00000 ©0.0C00C  0.0000C  0,00000 ©0.00000 0.00CCO  ©.00000  0.000C0
c104- HPO4= 0.0000C  0.0G000  0.000O0  0.0000G  0.0000C  €.00000 0.0000OC  0.000CO  ©.0000C  0.00000
Cl04~ PO4=- 0.00000  0.00000 0.00000 ©0.0C0OC  0.0000C  £.0000C  ©0.00000 0.000C0  C.00000  0.00000
NpO2 (OH} 2« NpO2C03- 0.0c00C  0.00PO0  0.00000 0.0CO0OC  0.00000 0.0000C 0,00006 0.000CO  C.0000C  0.00000
MpOZ (OH) 2- NpO2 (C03) 2=~ 0.0C00C  0.00000 0.00000 0.00006 0.00000 ©,00000 0.00000 ©0.006CO  ©.00000  0.000CO
NpO2 (OH) 2- NpO2 (CO3)3==+  0.00000 0.00000 0.0G00¢ 0.0000C 0.00000 0.00000 ©0.00000 0.000CO ©.0000C 0.00000
NpOZ (OH} 2= HZPO4- 0.0G0C0  0.0G000  0.00000 0.06000 0.00000 0.0CO00 0.00000 0.GOCOCO  ©.00000  0.00000
NpQ2 (OH} 2~ HPO4= 0.000G0  0.00000 0.00000 ©0.0000C  0.0000C  0.CODO0  0.00000 0.000CO  C.0000D  0.50000
NpQO2 (OH) 2~ PO4=- 0.0000C 0.00000 ©0.00000 0.0000C 0.00000 ©.00000 0,00000 0.00CGCC  G.DOOOO  0,00080
NpO2C03 - NpC2{CO3) 2=- 0.00000 0.08000 0.00000 ©0.0000C 0.00000 ©.0000C 0.00000 0.0COCO  ©.0000C  0.0D000
NpO2CC3- NpO2{CO3)3==-  0.00000 0.00000 0.00000 ©.0O000D 0.0000C ©.00000 0.00000 0.QCECO  C.0000C  0.00000
NpO2CO3- H2POA- 0.00000 0.00000 0.0D0000 0.00000 0.00000 ©.000060 ©.0000C ©0.000CO  0.0000C  0.00000
NpOZCO3- HPO4= 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 0.000CO0  C_DOOOD  0.00000
NpO2C03- PO4=- 0.00000 0.00000 0.00000 ©.00000 0.00000 0£.00000 0.00000 0.000C0  0.00000  0.00000
NpO2{C03)2=- Np02(C03)3==-  0.00000 0.00000 0.00000 ©.00000 0.0000C 0.00000  0.00000 0.000CO  C.00000  0.00000
NpO2{C0312=~ HIPC4- 0.00080 0.00000  D.0COO0 ©.0C000  0.00000  ©.00000 ©0.00000 ©0.0COCO  £.00006  0.00000
NpO2{C03)2=- HPOé= 0.000C0  0.00000 ©0.0C000 0.0000C 0.0000C  ©.00000 0.00000 0.000CO  C.0000C  0.00000
NDO2 (C03)2=-  PO4=- 0.00000 ©£.00000 0.00000 0.0CODC  0.00000 0.00000 0.00000 0.0C0CO  0.00000  0.000C0
NpO2{C03)3®s- H2PO4~ 0.000CO  0.00000 0.0C000 ©0.0C00C 0D.0000C  0.00000 0.00000 0.000C0  ©.00000  0.000C0
NpO2{C03)3==- HPO4= 0.000C0  0.00000 0.00000 0.0C00C 0.00000 0.00000 ©.00000 0.000C0 0.00000  0.000C0
NpOZ (C03)3==- POd4=- 0.00060 0.00000 0.0C000 0.00000 0.00000 0.0000C 0.00000 0.000C0 0.00000  0.00000
H2PO4- HPOL= 0.00060 0.00000 0.00000 0.0000C D.0OODD  0.QCO0O0  0.00000 0.000(0 0.0D0000  0.00000
HIPO4~ POd=- 0.060C0  ©.00000 0.00000 0,00000 ©.00000 0.0000C 0.00000 0.000C0  0.00000  0.00000
HPO4= PO4=~ 0.00000 0.08000 ©0.00C00 0.0000C ©.00000 ©0.0000C 0.00000 ©.0000C0 0.00000  0.00000
The+++ UQZ++ NpO2+
cl- 8504= 0.00000 0.00000  ©O.00000
cl- HS04 - 0.00000  5.00000  D.00000
ci- OH- 0.00000 0.00000  ©.00000
ci- HCO3 - 0.00000 0.00000  0.00000
Ci- Co3= 0.00000  0.00000 O.00000 7
cl- BIOH} 4~ 0.00000  0.00000  0.00000
ci- B303 {OH} 4~ 0.00000 0.00000  0.00000
c1- BAOS{OH)} 4= 0.00000 0.00000  0.00000
ci- Br- 0.000C0  0.00000  0.00000
ci- Am{C03}2- 0.00000 D.00000  0.000Q0
ci- AmICO3 ) 3=w 0.0C0CO  0.00000  0.00000
ci- Cl04- 0.00000  0.00000  0.00000
ér.. NpO2 {OH) 2~ 0.0060C0  0.0CD00  0.00000
it NpO2C03- 0.0600C  £.0C000  0.00CQ0
c1- NpO2 (CO3) 2=~ 0.0C0C0  0£.00000  0.00000
ci- RpO2(CO3)3==- 0.00000 ©.0Q000 0.00000
ci- H2PO4 - 0,00000 ©.00009  ©.00GOO
c1- HPO4= 0.00000  ©£.00000  0.00000
Ci~ POd=- 0.00000 0.00000  0.0000D
504= HS04- 0.00000  ©.00000  0.00000
S04= OH- 0.00000 ©,RQCC0  0.00000
S04+ HCO3 - 0.00000 0.COCCO  0.00000
S04= Co3= 0.00000 O.o0GGC  0.00000
S04= B{OH)4- 0.00006 ©.0C0G0C  0.00000
£04= B3O3 (CH} 4~ 0.00000  0.0DOCC  0.00000
504= BAOS (CH} 4= 0.00000 0.00000 0.00000
S0d= Br- 0.00000 0.00000  ©.000G0
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s04= Amico3i2- 0.00000  0.00000  .00000
sot= ARICO3 1 3= 0.0000C  0.00000  0.00000
s0= ci0e- 0.000CC  0.0000C  G.0Q00D
sot= NpO2 (OH) 2- 0.00002  £.0000¢  ©.00000
S04= NpQ2C03- 0.Gooo0 ©.00000 0.00000C
so4x NpO2(CO3)2Z=-  £.00000 0.00000  0.0000C
so4= NPO2(C03)3==-  0.0000C  ©.00000  0.0000C
S04= H2PO4- ©.00000 0.00000 ©.00000
S04= HPOL= £.80000 ¢.00000 0.00000
s04= POG=- 0.0000C  ©.00000  0.0000C
HSO4- on- 0.0000C 0.00008  0.00000
HSO4- HCO3- ¢ ._0ooee $.00000 0.00000
HSO4- co2= ©.0000C ©.00000  0.00000

BIOH} 4~ £.0000C 0.00000 ©.C0000
B303 (OH) 8- c.0ppoc  ©0.00000  ©.00000
B4OS (OH} 4= £.00000 ©£.00000 ©.00000
Br- 0.00000 ©.00000  ©.00000
AmiCO3}2- ©.00000 ©.COC00  ©.00000
AR{CQ3)3=- 0.00000 0.00000  0.00000
c104- 0.00000 9.00000  0.00000
NpO2 (OH) 2- 0.00000 0.0000C  ©.00000
NpO2003- 0.00000 ©£.0000C ©.00000
NpO2 (CO3)2=- 0.80000 D.0DOOC  0.00000
RpOZ (CO3}3==- 0.00000 ©.00000 ©.00000
H2PO4- 0.0000C ©0.00000 ©.00000
HPC4= 0.00000  ©.00000  ©.0D000C
PO4=~ 0.00000 0.00000 ©.00000
HCO3~ ©0.00000 ©.00000 ©.00000
co3= £.00000 0.00000  0.00000
BIOH) &~ 0.00000 0£.0000C  0.0DDOO
B303 [OH) 4~ 0.000C0  €.00000  ©.00000
B40OS (OHJ 4= 0.00000 ©0.00000 ©.0CO0D
Br- 0.00060  ©0.00000  0.00000
AM(CO3)2- o.0open  0.00000  ©0.00000
Am(CO3)}3=- 0.00000 0.00000  D.00000
clo4~ 0.00000 ©.00000 0.00000
NpO2{0H) 2- 0.0p000  D.00GCO  D,DDDOO
NpO2C03 - 0.00000  0,00000  ©0.00000
NpO2 [CO3) 2=~ 0.00080  0.00000  D.00000
NpO2(CO3)I==-  0.00000 0.00000 0.00000
H2POA - 0.00000  ©£.00000  0.00000
HPO4= 0.00000  ©£.00000  ©0.00000
POd=~ C.HQOOD  £.0C000  0.00000 '
col= o.00000 ©£.00000  0.00000
B (OH) ¢~ 0.00000  0.00000  ©.00000
B303 (QH) 4~ 0.00000 0.00000 ©.00000
B40S (OH) &= 0.00000 0,00000 ©,00000
Br- 0.00000 0.00000  0.00000
Ami{CO3}2- 0.06000 0.00000 0.00000
Am{COI) 3=- 2.00000 ©.00000 ©.00000
Cclod- 0.00000  0.0C000  0.00000
NpO2 (OH) 2- 0.0000C ©.0000C  ©.00000C
NpO2CO3- 0.00000 0.00000 ©.00000 . Y
NpO2 (CO3} 2=~ 0.00000 ©.00000  ©.00000 . :
NpOZ (CO3)3==- ©.00000 ©.00000 0.00000
H2PO4- ©.00005  ©.00000  ©0.00000
HPO&= ©.00000 0.00000 ©.00000
PO4=~ 0.00000 0.00000 0.000CO ”
B(0H) 4~ ©.D0000  0.00000  ©.00000 .
B303 (OH) 4- 0.00000 ©0.00000  ©.00000
B4OS (OH) 4= 0.00000 ©.00000  ©.00000 .
Br- 0.00000 0.00000  ©0.00000 Tt e
Am{CO3)2- 0.0000C ©.00000 ©.00000
Am{C03}3=- 0.0000C ©0.000C0  ©.00000
clo4- €.0000C 0.00000 0.00000
NpO2 (OH) 2- 0.000C0 ©.00000 ©.00000
NpO2C03- G.00000 ©.00000 ©0.00000
NpO2 (C03}2=- 0.0000C ©.0C000  0.00000
NpOZ (C0313==- 0.00000 ©.00000 0©.00000
H2PO4- £.0000C ©.0000C0  ©.00000
HPO4= ©.00000 0.00000  ©.00000
= ©.00000 ©.0000C  ©.00000
B30 {OH) 4~ 0.000C0 ©£.00000  0.0C000
B4OS (OH) &= 0.0000C  ©.0C0000  0.00000
Br- 0.0000C ©.00000 ©.00000
AmiC03)2- 0.00000 ©0.00000 ©0.00000
Am{CO3)3=- £.00000 ©.00000 ©0.00000
C104- 0.Q000D  0.00000  ©.00000
NpO2 {OH) 2~ ©.00000 0.00000 ©.00000
NpC2C02 - ©¢.0000C  0.00000  ©.00000
B(OH) 4- NpO2 {C0312=- £.00000 0.00000  ©.00000
B{OH) 4- NpOZ(€O313==- 0.0000C ©0.00000 0.00000
BICH) 4~ R2ZPO4- 0.00000 0.00000  0.00000
B{OH) 4~ HPO4= ©.0000C  0.00000  0.00000
BIOH) 4~ PO4=~ 0.00000 0.00000 0.00000
B302 [CH) 4~ BL4OS5 (OH) 4= 0.p0000 0.00000  0.00000
B103 {CH) 4~ Br- ©.00000  0.00000  ©.00000
B103 (CH) 4~ Am(CO3 )2~ 0.0000C  0.00000  0.00000
B303 (CH)4~ Am(CO3)3=- ©.0000C 0.00000  0.00000

B303 (CH) &~ Clo4- 0.00000  0.00000 0.00000



FMT, Version 2.0 WPO # 28119

User's Manual, Version 1.00 November 17, 1995
Page 134
Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT
B303 (OH) 4~ NpOZ (OH) 2- 0.00000 ©.00000 ©.00000
B303 (OH)4- Np02C03- 4.0000¢ 0.0000C 0.0000C
B303 (OH) 4~ KNpQ2 (CO3) 2=~ 0.00000 0.0000C 0.00000
BI03 ({OH} &~ NpO2(C03)}3==-~  $.00000 ©.00000 0.00000
B303 {OH) 4~ H2PO4- 0.00000 ©0.00000 0.00000
B30} (OH) 4~ HPO4= €.00000 ©.00000 0.0000C
B303 (OH) 4~ PO4=- 0.00000 0.0000C 0.C0000
B40S (OH) 4= Br- 0.00000 ©0.0000C 0.00000 .
B40S (OH) &= Am({CO3)2- 0.00000 ©.0000C 0.00000
B4OS (OH) 4= Am(CO3)3=- C.00C00 ©0.0000C  0.00000
B4OS (OH) 4= 104~ ©.00CCO  0.00000  ©.00000
B4OS (OH) &= RpO2 (OH}2- ©.00000 ©.00000 0.00000
B4OS (OH) 4= NpC2003- 5.000C0 ©0.00000 ©.00000
B4OS (OH) 4= RpO2 (0031 2=- 0.00000 ©.00000 0.00C00
B4OS (OH) 4= NpO2{C0313==- 0.00000 0.0000C 0©.00000
B4OS (OH) 4= M2PO4- 0.00000 0.0000¢ C.00000
B40S (OH} 4= HPO4= 0.00000 ©0.00000 ©.00000
7 B4OS(OH)I4= PO4=- 0.00000 ©0.00000 ©.00000
< Br- Am{C0312- 0.00000 0.0000¢ ©0.00000
. - Am|CO3)3== 0.00000 0.00000 ©.00000
C104- 0.00000 0D.00CCO  ©.000C0
NpO2 (CH1 2- 0.00000 ©.00CCO  0.00000
NpO2C03- 0.000D0 ©0.00000 0.00000
Np02 (003) 2=~ 0.00000 ©.00006 0.00000
NpG2iCo3}3==- 0.0D00OD  0.000D0  0.0DODQ
H2PO4- 0.00000 0.0000C  0.00000
HPCd= 0.00000 ©0.0000C 0.00000
W0 OBr- POd=- 0.00000 ©0.00000 0.00000
e Am(C03)2- Am(CO3}3=- 0.000C0 0.00000 C.00000 -
23 Am(CO3)2- Clo4- 0.00000 0.00000  ©.000DO
Am(CO3)2- NpOZ (OH) 2- 0.00p00 0.00000  0.00000
Am(CO3)2- NpQ2C03- 0.00000 0.00000 0.00000
Am{co312- NpO2 (C03)2=- 0.000C0 0.0000C  ©.00000
AmiCO312- Np02{CO3)3==-  0.00000 0.00000 0.00000
Am(CO3)2- H2PO4~ 0.00000 0.00000 0.00000
Am(CO3)2- HPO4= 0.00000 0.00C00  0.00000
Am(CO3)2~ POd=- 0.00000  0.00000 0.00000
Am(CO3)3=~ €104~ 0.00000  0.00000  0.00000
Am(C03) 3=~ NpO2 (OH) 2- 0.00000 0.00000  0.DODOD
Am(CO3) 3=~ NpO2C03- 0.00Q00 000000  0.00000
Am{CO3) 3=~ Np0O2 (CO3} 2=~ 0.00000  0.00000  0.00000
Am(CO313=~ NpO2 (CO3}3==-  0.00000 0.00000  0.00000
Am({CO3) 3=~ H2PO4- 0.00000 0.00000 0.00000
Am(CO3}3=- HPO4= 0.00000 0.00000 G.00000
Am(CO3) 3=~ PO4=- 0.00000 ©0.00000 ©0.00000
Clo4~ NpO2 (OH} 2~ 0.00000 0.00000 ©.00000
Clod- NpO2C03- 0.00000 0.00000  ©.00000
clod- NpO2 (€03} 2=— 0.00000 0.00000  0.00000
Cl104~- Np02 (CO3)3==-  0.00000 0.00000 0.00000
Clo4- H2PO4- 0.00000 0.00000 0.00000
Clo4- HPOS= 0.00000 0.00000 ©.00000
clo4- PO&=- 0.00000 0.00000 0.00000
NpO2 (OH) 2~ Np02C03- 0.00000 0.00000  ©.00000
NpO2 (OH) 2- NpO2(C03) 2=~ 0.00000 ©0.00000 0.0000C
NpO2 (OH) 2~ Np02{C03)3==- 0.00000 0.00000 0.00000
NpO2 (OH] 2= H2PO4- 0.0000C ©.00000  0.00000
NpO2 (OH) 2- HPOé= ©.0C000 ©£.00000 0.00000
NpO2 (0B) 2- PO&=- ©.00000 0.00000 ©.00000
NpO2CO3- NpO2{C03}2=- ©0.00000 ©£.C0000 ©.00000
NpO2C013- NpO2{CO313==- 0.0000C 0.0000C 0.000CC
NpO2C03- H2PO4- 6.00000 0.00000 0.00000
NpO2C03- HPO&= 0.06000 0.00000  0.00000
NpO2C03- PO4=- 0.00000 ©0.00000 ©.00000
NpO2(CO3}2=- Np02(CO3)3==- 0.000C0 0.00000 0.00000 -
NpO2{C0312s-  H2PO4- ©.00000 0.C000C  0.00000 o
NpO2(CO312=- HPO4= ©.00000 ©.00000  ©.00000
4: NpO21CO3}2=-  PO&=- ©¢.00000 ©.00000 0.00000 !
43 NpO2(CO3)3==- H2PO4- 0.00000 ©.00000 0.00000
i2i NpO2(003)3==- HPO4= 0.00000 ©0.00000 ©.00000
NpO2 (CO3)3==- POd=- 0.00000 0.00000 ©.00000
H2PO4 - HPO4= 0.00060 ©0.00000 0.00000
K2PO4- PO4=— g.00000 0.00000  ©.00000 7
HPOd= POE=- 0.00000 0.00000  ©0.00000 T

Neutral-Caticn Binary Interactions: lambda(n,c)

Co2 (aqg} CaCO3(ag) MgCC3{ag) BIOH)](ag) NpO20H(ag) H3IPOd{ag!)

Na+ 0.10000 ©.00000 0.00000 -0.09700 0.c0000 0.00000
K+ 0.05100 0.00000 0.00000 -0.14000 0.00000 -0.07000
Caw+ 0.18300 ©.00000 0.00000C 0.06000 0.00000 0.000600
Mges 0.18300 ©.co000 ©.00000 0.00000 ©.00000 0.00000
MgOH+ ©.c0000 0.00000 ©.00000 0.00000 ©.00000 ©.o0000
H+ 0.00000 0.00000 ¢.00000 0.00000 G.o0c0C ©.25000
MgBE (OH) 4+ 0.00¢0C0 0.00000 ©.00000 0.00000 ©.ooc00C C.Q0000
CaB{(OH) 4+ 0.0C0C0 0.00000 ©.00000 0.00000 0.00000C 0.00000
A 0.ofcoo 0.00000 0.00000 0.00000 0.00000 o.0c00C
AmMCO3+ 0.0C000 0.00000 0.00000 0.00000 0.00000 0.00C00 .
Thes++ 0.00CCO 0.00000 0.00000 0.00000 0.00000 0.000C0
uo2++ 0.000C0 0.00000 0.coo00 0.00000 0.00000 0.000C0
NpO2+ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Neutral- Anion Binary Interactiens: lambda(n.a)

coziagl  CaCO3laqg! MgCOllagi B(OHI3(ag) MpO20H(ag) HIPOElag)
c1- -0.0050C  ©.00000  0.00000  0.09100  C.000G0  0.00000

S04= ©.0970C ©.00000  £.00000  ©0.01800  0.00000  0.0000C
HS04~ -0.0030¢ 0.00000  0.0000C  ©.00000  ©0.00000  ©.00000
OH- 0.0000C 0.00000  ©.0000C  ©.00000  0.00000  ©.0000C
HCO3- 0.0000C 0.00000  ©£.00000  ©.00000  ©.0D00C  0.0000C
co3= 0.00C0C 0.00000  0.00000  0.00000  0.00000  0.000CC
B(OH) 4~ ©0.0000¢ 0.00000  0£.0000C  0.00000  0.00000  0.0000C
B303 (CH) 4- ©.0000C 0.0000C  0.00000 -0£.20000  ©.00000  0.0000D
BAOS (CH) 4= ©.0000C ©.00000  0£.00000  ©.00000  0.0000C  ©0.00QCO
Br- ©.0000C 0.00000  0£.00000  ©.00000  ©.00000  ©.000CO
Am(CO3})2- ©0.0000C 0.000060  ©.0000C  0.00000  ©.0000C  ©.00000
Am(CO3}3=- ©.0000C 0.00000  0©.00000  ©.00000  0.0000C  C.0000C
C104- ©.0000C Q.00000  ©0.00000  ©.00000  0.00000  D0.000CO
NpO2 (OH) 2 - ©.0000C 0.00000  0.00000  0.00000  0.00000  0.080CO
NpO2003 - ©.0000C 0.00000  ©0.00000  0.00000  0.0000C  ©.0COCO
Np0Z {0031 2=- g.0000C 0.00000  £.00000  0.00000  0.0000C  0.000CO
NpO2 (€03 ) 3==- 0.0o00C £.00000  ©.00000  0.00000  0.0000C  ©.000CO
H2PO4~ ¢.0000C 0.00000  ©.00000  0.00000  ©0.00000 -0.4000C
HPO4= 0.6000C 9.00000  0.00000  0.00000  0.00000  ©.0C000
POd=- ¢.0000C 9.00060  0.00000  0.00000  0.00000  0.0C00C

Neutral-Cation-Anion Termary Interacticns: zeta(n.c.a)

02 (ag) CacCo3 (ag) MgCOl (aq) B{OH}3(aq NpO20QH[ag H3IPO4(ag)

£1= 0.00000 0.00000 0.00000 0©.00000 0©0.00000 ©.0000C
S04= 0.00000 0.00000 0.00000 ©.0460C 0.00000  ©.00000
HS04~ 0.00000 ©,00000 0.00000 0.0000C ©.00000 0.00000
OH- ©.00000 0.0000C 0.00C00 ©.0000C ©.00000 0.000O00
HCO3 - ©.00000 0,00000 0.00000 0.00000 ©0.00000C 0.00000
co3= 0.00000 0.0000C 0.00000 0.0000C ©0.00000 ©0.00000
B(OH}4- 0.000080 0.00000 0.00000 0.00000 0.00C00 0.00000
BI03 (OH) 4~ 0.00000  0.0000C  0.00000 0.00000 ©.000D0  0.00000
B4O5 (OH) 4= 0.cQo000 0.00000 0.00000 0.00000 0.00000 0.00000
Br- 0.00000  0.60C0C  0.00000 0.00000 Q.00000  0.00000
AmM(CO3)2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Am{CO3) 3=~ 6.00000 0.0000¢ 0.00000 0.00000 0.00c00 0.00000
Ccl04- 0.00000 0.00000 £.00000 0.00000 0.00000 0.00000
NpO2 (OH) 2- £0.c0000 0.00000 0.00000 0.00000 ©.00GO0  ©0.00000
NpO2C03- 0.00000 ©0.60000 0.00000 0.00000 0.00000 0.00000
NpO2 [CO3)2=- 0.00000 ©.00000 0.00000 0.0000C ©.00000  Q.0C0CO
NpQO2 (CO3)3==- ©.60000 ©.00000 ©.00000 0.00000 0.00000 ©0.0CODD
H2PO4- 0.00000 ©0.00000 ©.00000 0.00000 ©.00C00 ©.00000
HPO4= 0.C0000 0.00000 0.00000 0.00000 0.00C00  ©.00000
POé=— 0.¢0000 0©.00000 ©.00000 ©.00000 ©.0000C 0.00000
ci- 0.00000 ©.00000 ©.00000 0.00000 ©.0DQO 0.00000

S04= 0.00000 0.00000 0.00000 ©.0000C {©.00000 0.00000 :

HS04- 0.00000 0.00000 0.00000 ©0.0000C 0.00000 ©.00000 !

OH- 0.00000 0.00000 0.00000 0.0000¢ 0.0C000 0.00000 '

HCO3- ©.00000 0.C0000 0.00000 ©0.00000 0.000C0 0.00000
co3= £0.00000 ©.C0000 0.0000C 0.000C0 0.00000 ©.0C000
B(OH)4- £.¢0000 0.00000 ©.00000 0.00000 0.00000 ©.0000C
B30 {OH)4- £.C000C ©.00000 ©.00000 0.00000 0.0000C  0Q.00000
B4OS{OHI &= £.00000 €.00000 0.00000 0.00000 ©.0000C ©.00000
Br- £.00000 ©£.000C0 ©.00000 0.00000 ©.00000 C.000QC
Am{C03)2- ©.00000 ©.00000 0.00000 0.00000 (©.00000 C.000O0O
Am{CC3)3=- ©£.00000 ©.00000 0Q.00000 0.00000 ©.00000 C.CODOOO
Clo4- C.00000 0.00008 0.0C0000 0.00000 ©.00000 0.00000
NpOC2 (0K} 2- C.0000C ©.00000 0.00000 0.00000 ©.00000 O.00000
Np02003- ¢.0000C ©.0000C ©.COC0C 0.00000 ©.00000 O.00000
Np02 (CC3) 2=- ©.00000 0.0000C ©.00000 ©0.0000C 0.00000  $.00000
NpO2(CO3}3==- ©0.00000 0.CODOD ©.000C0 ©.00000 ©.00000 0.00000
H2PO4- 0.00000 0.0C0000 ©.00000 0.00000 ©.000060 0.00000
= 0.00000 ©0.00000 ©.00000 0.00000 D.0C0CO  0.00000
PCO4=- 0.00000 0.00000 ©.000C0 0.000C0 0.00000 0.00000
Case ci- £.00000 0.00000 ©.00000 ©0.00000 0.0000C 0.00000
Cass s04= £©.00000 0.00000 0.0000C 0.00000 0©.C000C 0.00000
Cas+ HSO4- 0.00000 0.0000C 0.00000 0.00000 ©.0000C  @.0000C
Ca+s OH- 0.00000 ©.00000 0.00000 ©.00000 ©0.C0000C ©.00000
Case HCO3~ 0.00000 ©.0000C 0.00000 0.00000 Q.COC0DC  ©.00000
Cass co3= 0.06000 0.00000 0.00000 ©.00000 0.00000 ©.0D0GO
Cas+ B{OH)4- 0.00000 0.00000 0.00000 ©.00C00 ©.00000  ©.00000
Caes B303 (CH) 4- ©.0C000 0.00000 0.00000 ©.00000 ©.00000 ©.00000
125" Cass B4OS [OH} 4= 0.00000 0.00000 0.00000 0.00000 ©0.00000 D.00000
Cas+ Br- 0.00000 0.00000 ©£.00000 ©0.00000 0.0C000  0.00000
Cass Am(CQ3)2- 0.00000 0.00000 0.00000 ©0.00000 0.0000C C.00000
Cas+ Am(CO3)3=- 0.00000 ©0.00000 0.00000 D0.00000 0.0O000 0.00000
Cass Clo4- 0.00000 0.00000 ©.00000 ©0.000Q0 ©.CO00C  C.CDO0C
Ca++ NpOZ2 (CH) 2~ 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.c0000
Cass NpO2CO3~ 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00060
Cas+ NpO2 (CO3}2 0.00000 0.00000 0.00000 ©€.00000 D.00000 0.000CO
Cass NpOZ (CO313==-  0£.00006 0.00000 0.00000 0.00000 0.00000 0.00000
Cass H2PO4 - 0.00000 0.00000 0.00000 ©.00000 0.0CO00  0.00OCO
Ca~s HPO4= 0.0CC00  0,00000 0.00000 ©.00000 0.00000 0.00000

Ca+e+ PO4=- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Cab(OH) 4+ Am(CO3)2- 0.00000 0.00CD0  0.00000 ©.00000 ©.00C00  0.00000
CaB{OH) 4+ Am(C03)3=- 0.00000 ©0.00000 0.00000 ©0.00000 ©.0DCDD  ©.0GUDD
CaB{OH} 4+ C104- 0.00000 ©.0000C ©.00000 0.00000 ©.00000 ©.00000
CaB{OH} 4+ NpO2Z (OB} 2- 0.00000 ©.00000 0.00000 ©.00000 0.00000 ©.0CO00
CaB (OH) &+ NpO2C03- 0.00000 ©.00000 ©.00000 0.00000 ©.00C00 ©.0OD0C
CaB{CH) é= NpO2(C03127- ¢.00000 0.0000C ©.00000 0.00000 ©.00000 O.00000
CaB{CH) 4« NpO2(C0333==- 6.00000 0.00000 ©.00000 0.00000 ©.60000 0.0000C
CaB(COHIde H2PO4~ ©.00000  ©.DO0D0  ©.00000 ©0.0DDOD  0.0DCO0  ©.00000
© CaB(OH) 4~ HPO4&= ©.0G00C  0.00000 0.0000C ©.000C0 ©0.00000 ©.00000
I CaB(OH) 4+ POd=- C.00000 0.00000 0.00000 0.00000 (©.C0000 ©.00000
TE Amess cl1- C.00000 0.00000 ©0.00000 0.00000 ©.C0000  C.00000
Loe Amess = ©.00000 0.00000 ©.00000 0.00000 ©.CCO00 ©.0C000
TUTL Amees HS04- 0.00000 ©.00000 0.0000C 0.00000 0.0C000 ©.0C0Q0
UYL Amess OH- 0.00000 ©.00000 0.00000 ©0.0000C 0.000CC 0.0C08C
1T Amess HCO3- 0.00000 ©0.00000 0.00000 ©.0000C 0.0C00C ©.000GO
Amess co3= 0.00000 ©.000DO0 ©.00ODD  0.0DOOC  ©.0000C  ©.00OLO
Ameas BIOH) 4~ 0.00000 ©.0000C ©.00000 0.0000C ©0.0000C O.000CC
S Amees B3D3 (0H) 4~ 0.00000 ©.00000 0©.00000 0.00000 ©.00000 ©.0O0GC
T Amees B4OS (OH} &= C.00000 0.00000 0.00000 0.00000 (©.00000 ©.000GO
. Amees Br- £.00000 ©.00000 0.00000 ©0.00000 0.0000C ©.000CO
Amess Am(CO3)2- 0.00000 0.00000 ©.00000 ©.00000 0.0000C C.00000
Ao ss Am{CO3)3=- £.00000 0.00000 0.00000 ©.00000 ©.00000  0.00060
Amess €104~ £.00000 ©0.02000 ©0.00000 ©.00000 ©.0000C ©.00000
Ameer NpO2 (OH}2- 0.00000 0.00000 0.00000 0.C0CO0 0.00000 0.COD00
Ame e NpO2CO3- 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
Avess NpO2 (CO3}2=- 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
At e+ NpOZ(CO3}3==- 0.00000 ©.0J000 0.00000 0.00000 0.00000 ©.0CO0D
Amress H2PO4- 0.00000 0.000C0 0.00000 0.00000 ©.00000 0.00000
A HPO4= 0.00000 0.00000 0.00000 0.00000 ©.00000 0:000CO
Amess POd=- 0.00000  0.DDOOOD  0.00000 ©.00000 D.00DED  ©.DEDOD
AMCO3+ cl1- 0.00000 0,00000 ©.00000 (0.00000 0.00000 0.0C000
AmCO3+ s04= 0.00000  ©0.00000 0.00000 ©.00000 0.00000 ©£.00000
AmCO3+ H504- £.00000  0.00000 0.00000 (0.00000 0.00000 0.00000
AMCD3+ OH- £.00000 ©0.00000 0.00000 0.00000 ©.00000 ©.00C00
AmCO3+ HCO3- 0.00000 0.0000¢ ©.00000 0.00080 0.00000 0.00000
AMCO1+ co3= 0.00000  0.00000 C.C0000 ©0.00000 0.00000  ©.00000
AMCO3+ BiOH)4- 0.00000 0.00000 0.00000 ©0.000C0 ©.00000  0.000DO
AmCO3+ B3IO3 (OH) 4~ £.00000 0.00000 ©.Q0000 ©0.G0000  ©.00000 0.00000
AMCOI+ B40S (OH} 4= 0.00000  0,00000 0.00000 0.00000 G.G8000 0.0GG00
AMCO3+ Br- 000000  6.00000 0.00000 ©0.00000 0.60000 O.C0000
AMCO3+ Am(CO3}2- 5.00000  0.00000 0.00000 0.00000 0.00000 C.00000
AmCO3+ AmM(CO3}3=- 0.0600C  0.00000 0.00000 0.00000 0.0C000  0.00000
AmCO3+ c104- 0.00000  ©.00000 ©0.00000 ©.00000 0.0C000 0.00000
AmCO3+ NpQ2 (OR) 2- 0.0DOODD  ©.00ODD  0.00000 £.00000  ©.00000  ©.00000
AmCOd+ Np02003- 0.00000 ©.00000 0.00000 0.00000 0.000C0 0.00000
AmC03+ Np02(€03)2=- £.00000 0.0000C 0.00000 0.00000 0.000G0  0.00000
AmCO3+ RpO2{CO3)3*=- 0.00000 0.0000C 0.00000 ©.00000 0.00000 0.00000
AmCO3+ HDPO4- 0.00000 0.00000 0.00000 0.0000C 0.00000 0.00000
AmCO3+ HPOG= 0.00000 ©,00000 ©0.00000 0.0000C D.00DDO  0.00000
AmCO3+ PO&=~ ©.00000 ©0.00000 ©.00000 ©.00000 ©.0000OC 0.00000
Theste c1- ©.00000 0.00000 ©€.0C0000 ©.00000 ©.00000C D.00000
Theess S0d= 0.00000 ©0.00000 0.00000 ©.00000 ©.00000 0.00000
Thesss HS04~ 0.00000 0.00000 ©.00000 ©.00006C ©.00000 0.0000O0 ;
Theses oH- ©.00000 ©.00000 ©0.0000C 0.00000 ©0.00000 ©.0DODO o,
Theees HCO3 - 0.0C0000 ©.00000 0.00000 0.00000 ©.00000 ©0.00000 2
Thesss col3= £.0000C 0.00000 0.00000 ©.00000  ©.00000 0.00000 \
The+se S[O0H) 4~ ©.00000 ©.00000 0.00006 0.0000¢ 0©.00000 0.000CO 1
Theses B3 10H) - ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000Q
Theess B4OS (OH) 8= 0.000DD  D_DODOD  0.0DOOCD ©.00000 0.00000  ©.DO0OD
Thesss Br- 0.00000 0.00000 ©€.00000 0.00000 ©.000CC €.0000Q
Thess+s Am{CO2)2- 0.00C00 ©0.00000 0.00000 0.00000 ©.00000 ©.000O0O
Thesss Am(CO31 3=- 0.00000 0.00000 ©0.00000 ©0.00000 ©.00000 O©.00000
Thesss clod- 0.00000 0.00000 0.00000 0.00000 0.00000 0©.00000
Thesss NpOZ (OH) 2- ©.00000 ©.00000 ©.000C0 0.00000 ©.00000 ©.00000
Theess Np02C03- £.00000 ©.00000 ©.00000 0.00000 0.00000 ©.0000C
Theess NpOZ (C03}2=- £.00000 ©.00000 ©0.00000 0.0000C 0.0000C 0.00000C
Thesss NpO2({CO3}3==- 0.00000 0.C0CO0 0.00CCC 0.0000C 0.00000 C.0000C
Theess H2PO4- ©.00000 ©0.06000 0.00000 0.00000 0©.00000 C.000OC
Thesss HPO4= £.00000 ©,.00000 0.00000 ©0.00000 0.00000 ©.00GOO
Thesss PO4=~ ©0.00000 0.C0000 ©€.00000 ©.000C0 ©0.00000 0.00000
V02++ cl1- ©.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.0000C
VO2e* S04= $.00000 Q.GOOOC  ©.00000 0.00000 0.00000  Q.QGOGC
UO2++ HSO4~ 0.0000C0 ©.cOO0D0 0.00000 0.0000¢ 0.00000 D.00COC
UO2++ OH- ©.00000 ©.00000 ©.00000 0.00000 0.0000C ©.00000
U02e+ HCO3~ ©.00000 0.00000 0.00000 ©.00000 ©.00000 ©.00000
V02« co3= ©0.00000 0,00000 ©0.00000 0.00000 €.00000 ©.0000D
U02e+ B(OH) 4~ 0.00000 0.00000 ©0.00000 ©.00000 ©.00000 0.00000
VO2e+ BIC3 (OH) 4~ 0.00000 ©.00000 0.00000 ©0.00000 ©.00000 0.0C000
UO2e+ B4OS (OH) 4= 0.00000 G.CO000 ©0.00000 ©0.00000 ©.00000 0O.00bOC
U02++ Br- 0.00000 ©.00000 ©0.00000 0.0000¢ 0.00000 ©.00G00
Uo2++ AmiCO3)2- ©.00000 ©.00000 0.00000 0.00000 0.00000 ©0.00000
UQ2++ Am(CO3}3=- ©.00000 0.60000 0.00000 ©.00000 0.00000 ©.COD00
UOZe+ C104- 0.000C0  0.00000 0.00000 0.00000 ©.00000 ©.00000
UO2++ NpO2 (OH) 2- ¢.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000
uo2++ NpO2Co3- 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000
UO2 e WpO2 (CO3 ) 2=— 0.00600  ©.00000 0.0000C Q.00000 0.00000 0.00C0C
Ug2++ NpO2(CO3}3==- 0.00000 ©.00000 0.00000 ©0.00000 0.00000  ©.00000
T02e+ H2ZPO4- 0.00000 0.0000C 0.00000 0.00000 0.00000 ©.00000
V0244 HPO4= 9.00000  ©.00000 0.00000 0.0000C 0.00000 ©.00000

TO2++ POg=- G. 00000 0.00000  0.0POCD 0.00000 0. epoon 0.o0opD



FMT, Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17. 1995
Page 138
Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT
c1- 0.00000 ©.00000 0.00000 0.00600 ©.0000C  ©.00000
504= 0.00C0C  ©.00006 0.00000 ©0,00000 0.00000 C.0000C
HS04 - 0.0000C  0.00000 ©.00000 0.00C00 0.00000 ©.00000
OH~ 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000
HCO3- 0.00000  0.00000 ©.00000 ©.00000 ©.00DCC  ©.00000
co3= 9.00000 0.00600 ©.00000 ©.00000 0.00000 ©.00000
BIOH) 4~ 0.000C0 0.00000 0.00000 C¢.00000 0.00000 {.c0000
B303 (OH) 4- ©.000C0 ©.00000 ©.00000 ¢.00000 0.00000 0.c0000
B4OS(OH) 4= ©.00000 C.co000 @ .00000 Q.c0000 0.00000 ©.000C0
Br- 0.00000 0.0000C 0.00000 ©.0000C ©.00000 0.00000
AmiCOl}2- 0.0000¢ ©.00000 ©.00000 ©.0000C 0.00000 ©.CO0CO
Am(CO3}3=- 2.00000 2.0000C ©.cooo0 0.00009 0.00000 2.00000
Clod- 0.00000 0.00000 ¢.00000C 0.00000 0.00000 0.00000
NpO2 (OH}2- &.oo000 0.0000% 0.00000 0.00000 ¢.o0cce 0.9Cc000
NpO2CO3 - 0.00000 0.00000 ©.00000 ©.000600 ©.000CC ©.0C000
Np02 (CO3)2=- 0.00000 0.00000 c.ooco0 ¢.00000 0.00000C 0.0C000
NpO2 (CO3 ) I=e- 0.00000 0.00000 ©0.00000 ¢.00000 0.00000 0.90¢000
H2PO4~ 0.00000 Q.C0000 ©¢.00000 0.00000 0.00000 0.00000
HPO4= 0.co000 0.coqee 0.00000 0.00000 0.00000 9.00000
PO4=~ 0.00000 ©0.000C0 0.00000 0.00000 0.00000 0.00000
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen
this is a BATCHE problem
Ideal Gas Constant is Unity (Dimensionless)
Temperature = 298.15 [=] degree Kelvin
115 Species 2] Elements
Element Name Melecular Weight
Hydrogen 1.0079%0
Oxygen 15.99940
Sodium 22.98977
Potassium 35.09830
Magnesium 24.30500
Calcium 40, 08000
Chlorine 35.45300
Sulfur 32.06000
Carben 1i2.c11c0
PosIcn 0.000C0
Neglon 0.00000
Air 28.84000
Boraon 10.81000
Bromine 79.30400
TracezrEl ¢.00000
ThiIV]) 232.03810
Am{III) 243.00000
UivIh 238.02300
Np (V) 237.04820
Cl04-(EL) 99.45060
Phosphorus 30.97400
Electron 0.00000
Charge 0.00000
"w._\
Species Name Phase Mol .We. Std Chemical Potential, u/RT Ly
1 H20 WATER agueocus 18.015 -95.663 H
2 Na+ Na+ aguecus 22.9%0 -105.651
3 Ke K+ agueous 39.098 -113.957
4 Cas+ Cas+ agueous 40.080 -223.300 s
5 Mgee Mges aguecus 24.305 -183.458 W
€ MgOH+ MgOH+ agueocus 41.312 -251.940 /
7 H+ H+ agueous 1.008 0.000 *g -t
§ C1- Cl- aguecus 35.453 -52.955 -
9 504= S04= aguecus 96.058 -300.386
HSO4- HSO4- agueous 97.06¢6 -304.942
oH- - OH- aqueous 17.007 -63.435
HCO3- HCO3- aquecus 61.017 -236.751
Co3= CO3= aquecus 60.009 -212.944
COZ (aq) CO2(ag) agueocus 44.010 -185.680
Caco3 (ag!} CaC03 (ag) aguecus 100.089 -443.500
MgCO3 (aqg) MgCo3 (ag) agueous B4.314 -403.155
B(OH)3(aq) B{OH)3(ag) agueocus 61.832 =390.810
B(OH}4- B{OH)d- aqueous 78.839 -465.200
B303 (OH4- B303{0H)4- aguecus 148.457 -963.770
B4OS5 {OH} 4= B4OS[OH) 4= agueous 191.266 1239.100
CaB(QHId+ CaB[OH)4+ aqueous 118.919 -652.300
MgB{CH) 4+ MgB(OH!4+ agqueocus 103.144 -651.8%0
Br- Br- agueous 79.904 -999.990
Clo4- perchlerate Cl04~ aguecus 99.451 -999.99%0
NaOH(ag)...... to.titrate base.only aquecus 39.997 500.000
HCl(ag}..-.... te.titrate.acid.only agusous 36.461 500.000
HClod(ag)..... to.citrate.acid.only aquecus 100.45% 500.000
e ——— aqueous 0.000 ©.000
agueous 0.000 0.000

agqueocus 17.007 500.000
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31 BNeglon(agQ) -..... to.titrate.acid agquecus 1.008 500.000
32 Tracer(sq).--.. conservative.tracer aguecus 0.00C 0.c00
33 B3P0 (ag) H3pO4iag) agqueous 57.995 -460.900
34 H2PO4- H2PC4- agueous 96.987 -455.960
35 HPC4s HPO4= aqueous $5.980 ~439.367
16 POd=- PO4=- agueous 94.972 -410.947
37 NpO2e NpO2+ aqueous 289.047 -369.12%
38 NpO20H(ag) NpC20H(aq) aqueous 286.054 -438.518
35 RpO2{oH)2- NpOZ2(OH)2- aqueous 383.062 -505.829
40 Np02C03- NpQO2C03- agueous 329.056 =594.492
41 NpO2{C03) 2=~ Npl2(£03)2=- agueous 389. 065 -BOB. 903
42 NOOZ{COD }Ikm= WpO2{CO3}3==- aqueous 449,075 ~1019.918
43 Ameds Am+++  agquecus 243.000 -241.6%4
44 AmMCOl+ AMCO3+  aquecus 303.00% =472.060
45 Am{C03)2- AM{CO3)2- aquecus 353.018 -695.880
46 AmM(CQ3) 3=~ AmM{CO3)3=- aquecus 423.028 -915.460
47 AmiOH) 2+ Am(QH)2+ agueous 277.015 -393.647
Am(CH}3 (ag) Am{OH}3 {ag) aguecus 254.022 -462.950
Thesse Th++++ agueocus 232.038 -399.990
UOZee UIVIIO2++ agueous 270.028 -999.990
NpO20H (aged) NpO20H{aged) solid 286.054 -454.010
NpOZOH (amor ) NpOZOH{amor) solid 286.054 -452.842
NaNpQ2CT03 (s) NaXpQ2CO3(s) solid 352.046 -713.707
Na3Np02 (C03)2(s} _DISABLED DISABLED solid 458.035 599.330
AmOHCO3 (¢} AMOHCO3 (¢} solid 320.017 -563.980
Am{OH}3 (s} Ami{OH)3(s) solac 294.022 -492.294
NaAm{C03)2. 6H20(c) sclic 454.053 -1396.454
A=PO4 (c) AmPO4 (c)  solic 337.972 -709.750
Caso4___ Anhydrite solid 135.138 -533.730
NaK3 (S04)2__Aphthitalite/Glaserite sclid 332.400 -1057.05¢
CaCl12 . 6H20, Antarcticite solid 212.077 -893.650
CaCC3 Aragonite solid 100.08% -455.170
K2504 Arcanite solid 174.254 -532.390
MgTl2 . 6H20, Bischofite solid 2p3.302 -853.100
Na2Mg (SO&)2. 4H20, Bloedite solid 334.461 -1383.600
Mg (OH)2 Brucite solid 58.320 -335.400
Na6C03 (50412 Burkeite solid 3%0.063 =1449.400
caccl Calcite solid 100.08% -455.600
CaCl2.4H20 CaCl2_Tetrahydrite solid 183.047 -698.700
Ca4Cl12 (CH) 6.13H20 _ CaOxychloride A solid 567.467 ~2658.450
Ca2C)2(CH)2.H20 Caoxychloride B solid 203.096 -778.410
KMgC13.6H20, Carmallite solid 277.854 -1020.300
MgS04.7TH20 Epsomite solid 246 469 -1157.830
CaNa2 {C03)2.5H20, Gaylussite solid 296.154 -1360.500
Na2Ca(s0412 Glauberxite solid 278.175 -1047.450
CaS04 .2H20, Gypsum solid 172.168 -725.560
NaCl_ Halite solid 58.441 -154.99%0
5S04 . 6H20, hydrite solid 228._454 -1061.600
KMgCLS04 . JH20, Kainize solid 248.960 -938.200
FKHCO3, Kalicinite solid 100.115 =-350.060
¥gS04.H20 Kieserite solid 138.378 -579.800
E2¥Mg (S04)2. 4520, Leonite solid 365.678 -1403.970 ‘
NadCa(SO4}3.2H20______ Labile_Salt solid 456.242 -1751.450 % .
MgC0O3, M ite solid 84.314 -414.450C . =
Mg2Cl(OH) 3 .4H20, MgOxychloride solid 207.146 -1029.600 - s
KHSO4__ __ Mercallite solid 136.164 -417.570 : s
Na2S04.10H20_ ___ mirabilite solid 322.189 -1471.1%0 T
KBHG (S04)7 Misenite solid 931.237 =303%.240
NaHCO3____ _ NWahcolite solid 84.007 -343.330
Wa2C03 . 10H20, Natron solid 286.141 -1382.780
HgCO3 . 3H20, Nesguehonite solid 138.360 ~-695,300
K2Mg(S04)2.6H20 Picromerite/Schoen solid 402.708 -1596.100
Na2Ca (C03)2.2H20 Pirssonite solid 242.108 «1073.100
K2Mglaz (S04) 4. 2H20, Eolyhalite solid 602.922 -2282.500
Ca{OH)2 Portlandite solid 74.095 -362.120
X2C03.3/2H20,_ . _Potassium Carbonate sclid 165.229 -577.370
X8H4{003)6.3H20___K-Sequicarbonate solid 730,919 ~-2555.400
KNaCO3 . 6K20 K-Na-Carbonate solid 230.188 -1006.800
KZNaM({C03)2.2H20___Potassium_ Trona solid 258.242 -971.740
K3H({504)2__Sesquipotassium Sulfate solid 310.418 -950.800
NaJH({S04)2____ Sesquisodium_Sulfate solid 262.0982 -919.600
Na2C03.7H20____Na2COl-Heptahydrate solid 232.085 -1094.950¢
KC1 Sylvite solid 74.551 -164.840
F2Ca(s04)2.H20 Syngenite sclid 328.407 ~1164.800
Mg2CaCl6.12H20 Tachyhydrite solid 517.59¢0 -2015.900
Na2s504 Thenardite solid 142.037 -512.350
Na2C03 . H20 Thermenatrite solid 124.004 ~518.800
Na3H{C03}2.2K20 Trona solid 226.026 -960.380C
Na2B407.20H20_____ _____ Borax solad 381.367 -2224.160
BICH)3 Borix_Acid_Solid solid 61.832 -390.880
KB508.4H20____K-Pentaborate_{30_C! solid 233.204 -1770.260
K2B407.4H20___K-Tetraborate_{30_C) solid 305.493 ~1662.470
NaBO2 . 4H20_____ Sodium Metaborate sol:id 137.859 -761.420
NaB50E . 5H20, Sodium_Pentaborate solid 295.111 -1854.800
NaBO2.NaCl.2H20____Teepleite_{20_C) solad 180.272 -725.770
Truncated Name Formula Matrix
1 H20 2 1 ¢ 0 0 0 0O 0CO0 0 0 OCO0QO0OO0COOOODQO0O O D O
Yo 2 Na- o 01 0 0 0 0 ¢C 0O OC 0O O OCO OO0 O0OCO0O0OO0C O 2
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K.1 Listing

| See Table 25 for explanation of this listing.

2.43 ‘Np (V)O20H laged) . .. .Np{V])O20H aged; *
< 2.43 ‘Np{VIQ20H{amor) ... .Np(V)O20K{amor} "
it 2.43 ‘NaNp (V102003 (s} ... .NaNpi{V) 02003 {s} "
. 2.d3  'NaNpOZCO03Na2CO3 (s)NalNpO2(Co3)Zis)’
& 2.d3 AMOHCO3 (C)
& 2.4 AmMiOHY3(5)
L 2.43 NaAm(CC3) 2. 6H20(c]
2.d3 AmPC4 {c)
e 2980.40 CasO4 Anhydrire CRC p.B-181:18%
b 2.d3 NaX3(504)2 aAphthitalite/Glaserite
' 2.d3 CaCl2.6H20 Antarcticite
“ 2940.4d0 CaC03 Aragonite CRC p.B-181:183%
L 2663.40 K2504 Arcanite CRC p.B-181:185
T z.d3 MgCl2.6H2O Bischofite
w5 2250.40 NaZMg {50412, 4H20 Bloedite CRC p.B-1B1:183
o 2390.40 Mg (OH}2 Brucite CRC p.B-181:185
e 2.a3 NaGBC03{504)2 Burkeite
o 2828.40 CaCol Calcice CRC p.B-181:18%
2.d3 Call2.dH20 Cacl2 Tetrahyerite
2.d3 Ca4Cl2{OH)6.13H2C CaCxychloride A
2.d3 Ca2C12(0H)2.H20 CaOxychloride B
1682 .40 KMgCl3 . 6H20 Carnallite CRC p.B-181:185
1677.40 MgSO4 . TH20 Epscmite CRC p.B-181:185
1991.40 CaNa2 {CQA 2. 5H20 Gaylussite CRC p.B-181:185
28Q0.80 Na2Ca(SC4)2 Glauberite CRC p.B-181:185
2335.d0 Cas04 . 2H20 Gypsum CRC p.B-181:185
2165.d0 NaCl Halite CRC p.B-181:185
2.43 MF504 . 6H20 Hexahydrite
2150.40 KMgCLE04 . JHIQ Kainire CRC p.B-181:185
2.d43 KHCO3 Kalicinite
2571.40 MgSs04 H20 Kieserate CRC p.B-1E1:185
2.4 K2Mg (S04)2.4K20 Leonite
2.d42 Na4Ca(S04)3.2H20 Labile Salt
3210.d0 HgCOd Magnesite CRC p.B-181:185
2.d3 My2Cl{0H)3.4H20 MgCxychloride
2.d3 KHS04 Mercallite
1450.40 Naz504d, 10:H20 Mirabilite CRC p.B-181:185
2.42 KBHS {50417 Misenite
B 2.d3 KaHCO3 Nahzcolite
E 2,43 Na2C03.1CH20 NatTon
L 2.d3 MgCO3 . JK20 Nesguehonite
L 2.d3 K2My (5041 2.6H20 Picromexite/Schoen
4t z2.d3 Na2Ca{C03)2.2H20 Pirgsonite
e 2.d3 K2MgCa2 (504} 4 .2H20 Polyhalite
3 2.d3 Ca(QHI2 Portlandite
2 2.d3 K2C03.3/2H20 Potassium Carbonate
S 2.43 KBH4 (C0316.3H20 K-Segquicarbonate
2.d3 KNaCQ3 . 6H20 K-Na-Carbonate
2.4} K2NaH {C03 12, 2H20 Potassium Trona
2.43 K3H(50412 Sesguipotassium Sulfate
2.4 Na3H{s0412 Sesquisodium Sulfate
2.d3 Na2C03 . 7TH20 Na2C0O3-Heptahydrate
19%0.d0 KCl Sylvate CRC p.B-1B1:1%5
2.d43 K2Ca(s04)2.K20 Syngenite T
2.43 Mg2CacCli6. 1220 Tachyhydrite *
2.d3 Ne2504 Thenardite ’
2255.d0 Na2C01 .H20 Thermonatrite CRC p.B-181:185
2140.40 Na3H(CC3)2.2H20 Trona CRC p.B-181:18%
1715.40 Na2B4Oo7.10H20 Borax RC p.B-181:185 2
2.943 B{OHI3 Borix Acid Solid 3
x 2.d3  KBSO8.4H20 K-Pentaborate (30 C} 4
A 2.43 K2B407 . 4H20 K~-Tetraborate (30 C} o,
e 2.43 NaBO2 . dH20 Sodium Metaborate
i 2.d3 NaBS508_SH20 Sodium Pentaborate
GE 2.43 NaBO2 .NaCl.2HZ0 Teepleite (20 C)
. s o g
K.2 References Cited in Listing

Novak, C.F. 1994. “Development of the FMT Chemical Transport Simulator: Coupling
Aqueous Density and Mineral Volume Fraction to Phase Composition.” Proceedings of the
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MINERAL DENSITIES, KG/M~3, IN FILE *RHOMIN®

NpO2CH(aged)________NpO20H{aged)  2000.00000000000
i NpC2CH{amor)_______ NpO20Hiamor)  2000.00000000000
I NaNpO2CO3is] NaNpO2CO3 (s) 2000.00000000000
Na3Np02 (00312 (s)_DISABLED_DISABLED  2000.00000000000
AMOHCO3 (< AmOHCO1 ic) 2000.00000900000

Am{OHV3(s)______  A=(OH}3(s)
NaAm(C02)2.6H20(c!}
AmPO4 (c) M-~ AmPO4 (c)

2000.00000000000
2000.00000000000
2006.00000000000

i CasSOé Anhydrite 2980.00000000000
‘i NaK3(S04)2__aphthitalire/Glaserite 2000.00000000000
- CaCl2.€H20 Antarcticite 2000.00000000000
~ CaCO03 Aragonite 2940.00000000000
T K2S04 __Arcanite 2663 .02000000000
:

MgCl2.6H20______Bischofire
Na2Mg (50412 .4H20. EBloegdite

2000.00000000000
2250.00000000000

Mg (CH) 2, Brucite 23%0.00000000000
B Na6CO3 (50412, Burkeite 2000.0000000000C
s Cacol Calcite 2828.00000000000

CaCl2, 4H2C CaCl2_Terrahydrite
CadCl2 (OH) 6. 1IH20__Catooychloride A
Ca2C12 (OH) 2 .H20, CaOxychloride B
KMgCl] . 6H20, Carpallite
MgSO4. 7120, Epsomite
CaNaZ (C03)2.5H20, Gaylussite
Na2Ca(SO¢}2_____ Glauberite

2000.00000000000
2000.00000000000
2000.00000000000
1602,00000000000
1677.00000000000
1591.00000000000
2800.00000000000

v Cas04.2120 Gypsum 2335.00000000000
% NaCl Kalite 21€5.00000000000
“1 MgSOd.6H20, Hexahydrite 2000.00000000000
o1 KMgC1504.3H20 Kainite 2150.00000000000

KHCO2 Kalicinite 2000.00000000000

MgSO4 . H20___~ Kieserite
K2Mg (S04)2.4H20____ __ _Lecnite
NadCa(S04)3.2H20 Labile_Salt
MgCOI___ . Magmesite
Mg2CL (OH}3 . 4H2O, MgOxychloride
KHSO4 Mercallite

2571.00000000000
2000.00000000000
2000.00000000000
3210,00000000000
2000.00000000000
2000,00000000000

£7 Na2504.10H20_______ Mirabilite 1450.00000000000
£'; KBH6(S50417 Misenite 2000.00000000000
£’ NaHCO3X Nahcelite 2000.00000000000

Na2C03 . 10H20, Natron
MgCC3 320 Nesguehonite
K2Mg (504)2.6K20 Picromerire/Schosn

2000.00000000000
2000.00000000000
2000.00000000000

3 Na2Ca(C03)2.2H20, Pirssonite 2000.00000000000
i K2MgCa2(S04)4.2H20 __ Polyhalite 2000 .00000000000
27 Ca(OR)2 Porclandite 2000.0C000000000

K2€03.3/2H20___ Potassium_Carbonate
KBH4 (C03)6,.3H20____K~Sequicarbonate
KNaCO3 . 6H20_____ K-Na-Carbonate
K2NaH (003)12.2H20___ Potassium Trona
K3H{S04)2__Sesquipctassium_Sulfate
Na3H(SO4)2____ Sesquisodium Sulfate
Na2C03 .7H20____ Na2CQl-Heptabydrate
KC1 Sylvite

2000.0000000000C
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00080000000
2990.00000000000

K2Ca(S0412.H20_________ Syngenite  2000.00000000000
Mg2CaC16.12H20_______ Tachyhydrite  2000.00000000000
Na2sD4q Thenardite 200C. 00000000000
Na2C03 ,H20, Th Crite 2255 .00000000000
LI Na3H(CO3)2.2H20 Troma  2140.00000000C00 e
£ Na2B407.10H20, Borax  1715.00000000000 f”‘h B
©2 BIOH)3 Borix_hcid_Solid  2000.00000000000 =0 N\
;% KBSOS,4H20____K-Pentaborate_[(30_C) 2000.00000006000 ?{:._"\‘. 1
K2B407.4M20__K-Tetraborate_[(30_C) 2000. 00000000000 A, b5 Sk
NaBO2_ 4H20______Sodiwm _Metaborate  2300.00000000000 . - |
MaBSOB.5H20_____Sodium_Pentaborate  2000.00000000000
NaBO2 NaCl.ZH20 __ Teepleite (20_C) 2000.0000000000C -2\ -
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Appendix M: Sample Output File “BATCH_DOC.OUT”

| ' See Table 26 for explanation of this listing. |

INPUT file name is Ul: [SCBABS,FMT.USERGUIDE]BATCH DOC.IN:1
INGUESS £ile is Ul:{SCBARS. FMT.USERGUIDE)BATCH_DOC.INGUESS;1
* OUTPUT file is Ul:[SCBABB.FMT.USERGUIDE]BATCH_DOC.OUT:1
< CHEMDAT f£ile name is Ul:{SCBARB. FMT.USERGUIDE)FMT_HMW_NP_AM.CHEMDAT:1
. Temperature is Hard Coded as 298.15K
2 [.FD.TITRATE)BATCH_DOC.in: to illustrate/document *BATCH® runs FMT V2.0
° DATABASE: HMWE4/FW86: Rp(V)}-Na-CO3-0H-C1-ClO4 (NR34):
§5.01.31 Am{IIT}-Na-C1-CO3-SO4-PO4 (FRSREY.FRFS0.PI1 RFFRI2.RFF94,RRFF34)

L L LT L T L L L e T T T L R
TI e PCHO PRINT OF *CHEMDAT" FILE WOULD BE HERE ***
S wwe SEE APPENDIX J Sl

L L L L L T e b Lt L L T T T TR RPN

K vvv-v-c-.oofm‘mn‘m PRODUCT VIOLATION= *teescssses
T ** MgiOH)2 Brucite == 1.00E+01 **

vessesseswseSOLUBILITY PRODUCT VIOLATION®=®s+wsessess

** Mg2Cl(OH)1.4H20, ¥gOxychloride *+ 6.689E+00 **

=% 2 Sclubility Product Viclations
" Adding sclid Mg(CH)2 Brucite
# inversions for batch pblm 85
1[.FD.TITRATE]BATCH_DOC.in: te illustrate/document "BATCH® runs FMT V2.0
DATABASE; HMW84/FWSE; Np(V)=Na-CO3-0OH-C1l-ClO4 (NR94);
95.01.31 Am(III)-Na-Ci-CO3-SO4-PO4 (FRSRE9,FRF90,PS1,RFFRY2, RFF94, RRFF94)
Pressure= 1.00D00E«CO [=] ATM Temperatures 2.9BE+02 [=) Kelvin

%! Elemental Abundances for Flash Problem
Total Moles Ag. Molalicy Ag. Molazity Ag. mg/liter

Using NaCl Density Correlation
1.10222364E+02 1.11116160E+02 1.10794086E+02 1.11669359E+05 Hydrogen

5.51654821E+01 5.56118135E+01 5_54506206E+01 8.87176659E+05 Oxygen
2.00000000E-01  2.01625464E-01  2.01041045E-01  4.62188739E+03 Sodium
1.00000000E-02 1.00B12732E-02 1.00520523E-02 3.9301B155E+02 Potassium
1.00000000E-03 4.64673729E-08 4.63326B56E-08B 1.12611592E-03 Magnesium
1.C0000000E-04 1.00812732E-04 1.00520523E-04 4.02886254E+00 Calcium
1.10000000E-01 1.108%4005E-01 1.10572575E-01 3.92012950E+03 Chlorine ;
1.00000000E-C3 1.00812732E-03 1.00520523E-03 3.22268795E+01 Sulfur 7
1.00000000E-04 1.00812732E-04 1.00520523E-04 1.20735200e+00 Carbon
0.000000C0E~OC 0. 00000000E+D0 ©.0C00000CE+DC 0.00000000E+00 PosIon
0.00000000E-CC 0.00000000E+0D0 0.00000000E+00  0.00000000E+OC Neglon
0.000 +00 0. 0E+00  0.0CQ00000E+CQ  0.00000000E+CO Air
1.00000000E-07  1.00812732E-07  1.00520523E-07  1.08662683E-03 Boron
0.00000000E+00 0.0C0OODDCOE+C0  ©.00000000E+CO ©.00000000E+Q0 Bromine
0.00000000E=00 Q. 000C 00 0.0 00  0.00000000E+00 TracerEl
0.00000000E~00 0.00000000E+0C  0.000000J0E+Q0  C©.000000CCE+00 Th(IV)
0.00000000E+CD 0.0CO0DODOE+00  ©0.0000C000E+CO 0.00000000E+00 Am(III}
0.C0000C00E+0D 0.000D0000E+D0 ©.000000C0E-00 0.000C000CE+00 UL{VI}
0.00000000E+00 0 ._0000000CE+D0 0.00CC0000E-D0 0.C00C000QE+00 Np(V)
0.C0C00000E+CD 0.0000000CE+DO 0.0000C0Q0E~CO 0.0000C00Q0E+D0 ClO4-{EL)
0.0000000CE+00 G.00000000E+0D 0.00000000E+00 ©0.00000000E+00 Phosphorus
0.00000000E+00 0 .00000000E+00 0.00000000E-00 0.00000000E+00 Electron
4.90605392E-17 §.94592698E-17 4,93159103E-17 0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 1002.59976105542 grams
H20 MASS 951.938201296740 grams
TDS(g/kg) 10.7482096613917 9/kgHzZ0
Specified Solution Density -
DENSITY 1007.81851904202 kg/m-3 = g/1
Solution Parameters Based on Specified Density
i SOLUTION VOL 0.994821728428285 litess
2 TDS 10.7170555829388 g/l
"2, Density based on TDS ancd NaCl solutions 1007.E1851%04202 g/l

Percent relative error vs NaCl density 4.000000000000000E+000 %

TABLE OF CONCENTRATIONS FOR BATUH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor

K20 WATER 9.92444E-01  9.93023E-01 1.001
Na+ Ha+ 2.01625E-01  1.47085E-01 0.7295

$.50612E+01  5.53478E401  9.97101E+05
2.00000E-01 2.01041E-01 4.621B9E+02
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c1- cl- 1.10894E-01  7.98916E-02  0.7204 1.20000E-01  1.10573E-01  3,920138+03
CH- OH~= 9.879E5E-02 7.13753E-02 0.7224 5.8DDD1E-02 9.85102E-02 1.67539E+03
K+ K+ 1.00B13E-(2 7.34149E-03  0.7282 1.000CCE-02  1.00521E-02  2.5301BE+02
S04 504= 1.00B13E-03  2.24998E-04 0.2232 1.000C0E-03  1.00521E-03  9.65576E+0]
Mgi{OH)2 Brucite 1.00808E-03 1.00000E+00 1.000 $.99954E-04 1.00516E-03 5.B6205E+01
Ca+s Casre 1.00115E-04 2.00966E-05 G.2007 $.93083E-05 9.98252E-05% 4.0009%E+00
£03= Cold= 1.00005E-04 2.44315E-05 0.2449 9.91991E-08 9 .97155E-05 5.9B385E-00
B{OH) 4~ BIOH) 4~ 1.00709E-07 6.§1270E-0B 0.6566 9.98971E~08  1.00417E-07  7,91680E-03
Cacdiiag) cacol tag! §.97236E-07  6.87236E-07 1.000 §.926158-07  §.9521SE-0T  £.95835E-02 1.38E-10
HEO3- HCO3 - 1.10094E-07 7.49923E-08 0.6812 1.09206E-07 1.09775E-07 6.69815E-0] 1.60E-10
MgOH+ MgOH+ 3,54268E-08 2.81647E-08 Q.7%50 A.51412E-08 3.53241E-08 1.45932E-03 -2 .47E-07
Hg++ Mg++ 1.0%B873E-04 2.56221E-09 0.2332 1.08988E-08 1.05855E-08 2.66273E-04 2.38E-10
CaB{OH) 4+ Cas (OH} 4+ B.72370E-11 5.94047E-11 0.5810 E.65237E-11 B.69841E-11 1.03441E-05 3.87E-11
MaCO3 {ag) MgCQ3 (aq) 5.32206E-11  5.32206E-11 1.000 5.27915E-11  5.30663E~ll  4.47424E-06 3.15E-10
B{CH)2{ag) BIOH) 2 {aq) 1.65411E-11 1.61858E-11 0.49785 1.64077E~11 1.64%311E-11 1.01980E-0D& 1.62E-10
H» 1.93212B-13  1.40202E-13  0.725% 1.91654E-13  1.92652E-13  1,%417IE-10 1.36E~18
co2aq) 2.21142E-14  2.30277E-14 1.041 2.19360E-14  2.20501E-14  3.70422E-10 3.16E=10
MyB (CH) 4+ MaPB {OK) 4+ €.18470E-15 4.24805E-15 D.6870 6.134B4E-15 6.16677E-15 6.368066E-10 2.98E-10
HSD4~ HS04d- 4.06799E-15  31.00314E-15  0.7382 4.03519E-1§  4.05620E-15  3.93717E-18 2.03E-10
CadCl2 (OH)6.13H20_ Calwychloride A ©.00000E+00  1.0000D0E«00 1.000 0.00000E+00  0.0OOOOE+0C  D.CODOGE+0G  ~1.27E+01
KSHE (50417 Misenite 0.00000E+00  1.0000DE+0D 1.000 ©.00000E+00  0.CCCODE+CG  0.0GO0DE+00 -1 .09E+02
K2B407 . 4K20__ K-Tetraberate_(30_C) 0.Q0000E+CD 1.00000E+00 1.000 0.000C0E+Q0 0.0C000E+CO 0.0000DCE«CQD -3.56E+01
KBS508 . 4H20. K-Pentabarate_(30_C} 0.0000DE+0D  1.0DDODE+E0 1000 C.000COE+OG  0.0DDOUE+DO  0.00DDOE+0G  -4.79E+01
B({OH!3 Borix_Acid_Sclid {0.0CCRAE+00 1.00000E+Q0 l1.coo 0.00D0QE+DG G.00000E+Q0 0.00000E+Q0 -1.08E~«Q1
NazB407. 10H2Q Borax 0.0CCO0E+DQ 1.00000E+Q0 1.000 0.00D0JE+DD 0.00000E+D0 0.00C00E+QQ -3.18E+{01
Na3K{C03)2.2H20. Trona 0.00000E+0Q 1.00000E+00 1.000 0.0000CE+DD 0.0C000E+QR 0.00080E+00 =1.32E+01
Na2C03 , H20 Thermonatrite 0.00000E+0Q  1.00C00E+00 1.000 C.00DODE+0OQ  0.0DDOQOE+00  0.D0OCDE+DD  -6.76E+00
Na2504 Thenardite 0.00000E+30  1.0000DE+00 1.000 0.00000E+00  0.COCO0E+0D  0.COOCCE+BO  -5.03E+00
Mg2CAclE . 1220 Tachyhydrite 0.QO000E+(0  1.0000DE+GD 1.000 0.00000E+00  0.QQ0Q00E+0D  0.00000E+0C  ~4.59E+01
K2Ca|504)2 . H20, Syngenite 0.0DDCOE+OC 1. 0000DE+LD 1.000 0.DOOCDE+DD  D.DDDDDE+DD 0, DOOOOE«DD  -8.82E+00
KC1 Sylvite 0.00CC0E+Q0 1.000Q0E~00 1.000 0.00000E«0G . 00000E+0D 0.00000E+0Q -4 ,13E+00
Na2C03 . TH2O Na2C0Ol-Heptrahydrate 0.0CC00E+0D 1.0000CE+00 1.000 0.C0000E+0D ©.00000E+00D 0.00000E+00 -5.84E+00
NalH{s04)2 Sesquiscodium_Sulfate 4.00000E+Q0 1.00000E+00 1.000 0.0000CE+00 0.0000CE+0D 0.00009E+QQ -2_18E+01
K3H(S04)2__Sesquipctassium_Sulfate 0.00000E+00 1.00G00E+00 1.000 G.0000CGE+O0 0.80000E+OC ©.00000E+D0 ~2.30E+01
K2NaH(C03)2.2H20____Potassium_Trona 0. 00000E+0D 1.00000E+00 1.000 0.90000E+QD 0.0CGO0E+0D 0. 00000E+0Q -1.B81E+01
KNaCC3 . 6H20 —..K-Na-Carbonate 0.00000E+00 1.00000E+00 1.000 CG.00000E+Q0 0.00000E+QC 0.C00CCE+C) -7.4BE+00Q
K2€03.3/2H20_ Porassium farbonate 0.00DDOE+DD  1.00DDDE«(Q 1.000 0.000D0E+OD [, DOODOE+DD  D.DDDOOE+00  -1.1SE«DL
Ca(OH}2 Portlandite 0.00CODE«Q0  1.00000Es00 1.000 0.00000E+D0  0.000COE+0D  0.00000E+00  -1.BDE+CO
K2MgCa2 (S04)4.2H20, Folyhalite 0.0C000E+00 1.D0000E+OD 1.000 0.00000E+DD C¢.000CCE+QD 0.00000E+00 =2 31E+01
Na2Ca(C0312.2H20 Pirssonite 0.00000E+00  1.00000E+00 1.000 0.00000E~0C  C.0000CE+0D  0,0Q0Q00E+D0  -6.35E+00
K2Mg [S04)2.6H2C Picromerite/Schoen 0.00000E+00  1.00000E+00 1.000 0.0000CE+0D  0.CCOOCE+OD  0.00C00E+00  -1.58E+01
MgCO3, 3H20 Nesguehonitce ©.0DO0OJE+0D 1.00000E+00 1.000 0.00000E+GD 0.00000E+0O0C 0.00000E+D0 -B.04E+00C
NazCC3 . 10H20, Natron 0.00000E+(0  1.00000E+00 1.000 0.00000E+00  0.00DOOE+00  0.000C0E+00  -5.48E+00
NaHCE3 Nahcolite 0.00000E+DD  1.00DDDE+QD 1.000 C.pODDOE+OD  0.DDDODE+((O  O.0OODDE+D  -7.55E+00
NaBO2 . 4H2Z0, Sodium_Mecaborate 0.00000E+00 1.00Q000E+00 1.000 0.00000E+0D 0.000C0E+CO 0.00000E«QQ -B.25E+0C0
Na2504 . 10H20, i Mirabilite 0.00COOE+00  2.0000CE+QD 1.000 0.00000E+0C  0.COOCOE+0Q  0.00000E+00  -4.12E+00
KHS04 Mercallite 4.00CC0E+00 1.00000E+00 1.000 0.00000E+QG 0.0CO0CE+0D 0.Q0000E+00 ~1.72E+01
Mg2Cl(OH} 3. 4H20 MyOxychloride 0.00000E+QD 1.000Q0E+00 1,000 0.00000E+00 0.0CO00E+QD 0. 00000E+00 =5.77E+00
MgCo3 g ite 0.00000E+00 1.00000E+00 1.000 0.0000CEDO 0. 0COODE+D0 ¢.900000E+DQ -5, 37E+00
NadCa (504} 3 .2H20, Labile_salt 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0.00GOQE+0D €. 00000E+0D -1.33E+01
‘LY K2MgiSD48)2. $H20 Leonite 0.00000E+0D  1.00DDDE+(Q 1.000 0.00NODE+DD  0,DODOOE+00 0. 0ODCOE+DD -1, 62E+D1
‘%4 MgS04.H20, Kieserite 0.0000DE+D0  1.0C000E~0D 1.000 0.00CODE+G0  C.0Q0CDE+0Q  .00000E+00  -1.21E+01
h KHCO3 Kalicinite 0.CO000E+00  1.0GDODE~OD 1.0C0 0.000GOE+OC  0.00000E+00  0.0D0Q0E+00  ~9.54E+00
KMgCL504 . 3H20, Kainite 0.000G0E+00  2.0C000E+00 1.000 0.00008E+0C 0. 00000E+00  C.00GDOE+00  -1.53E+01
Mg 504 . 6H20, Hepahydrite 0.0CCCOE+00  1.0000GE+00 1.000 0.0000QE+0C  C.CGODOOE+00  0,00000E+00  -1.06E+Q1
Halite 0.00C00E+00 1.0000CE+00 1.000 C¢.0000CE+D0 0.00000E+OQ 0.900C0E+D0 -3 .50E+0DC
Cas04 . 2H20, Gypsum 0.00000E+00 1.00000E~00 1.000 ©.00000E+00 0.0C000E+DD C©.000COE+OD -3.77TE+00
£ Na2Ca{504)}2 Glauberite 0.00000E+00 1.00000E+00 1.000 0.00000E+Q0 0. 00C00E+QD 0.00000E+GD =B.41E~0D
‘71 CaNaZ({C0312.5H20 Gaylussite 0.C000D0E+00 1.00000E+00 1.0c0 9.00000E+CO C.000G0E+0) 0.00000E+00 ~6.1BE+G0
el MgS04  TH20 Epsomite 9.00000E+Q0 1.00000E+00 1.0060 {0.00000E+QD 0.40000E«0D 0.00000E+Q0Q ~1.04E+01
ted KMgCll,6H20 Carnallite 0.0GDOOE+D0 1.00C0CE+QQ 1.000 0.0D0Q0OE«DC 0. C000CE+QY 0.00C00E+O0 -1.84E+01
i Ca2Cl2(OH}2.H20 CaOxychloride B 0.00000E+Q0 1.00C00E+00 1.000 C.ODOOCE+DD 0. 00OODE+J0 0.0000DE+DO -1.24E+01
Cacl2, §H20, CaClZ_Tetrahydrite 0.00000E+0Q 1.00000E«00 1.000 C.000QO0E+00 0. 00CO0E+QO C.D000CE+00 =1.26E+01
> Cacol Calcite 0.0000QE+QD 1.00000E+CD 1.000 0.00000E+00 0.Q0000E+QD 0. 00000E+GC -9.02e-01
47 Na6CD3 (5048)2 Burkeite 0.000C0E«QC  1.00000E+BO 1.000 0.00000E+00  0.00D00E+0D  D.ORODOE+DD  -1.61E+01
147 NaZMg (504)2.4H20 Bloedite 0.0DOGOE+00  1.00000E+00 1.000 ©.0000CE+00  0.Q00QOE+00  0.00CD0E+00  -1.52E+01
MgCl2 6H20_____ Bischefite 0.00000E+Q0  1.00000E+00 1.000 0.0000UCE+0D  0.0COOCE+30  0.00C00E+00  -1.53E+01
K2804 Azeanite 0.00000E+00 1.00000E+D0D 1.000 0.00000E+00 0.0DCDOE+3D C.00000E+DO -£.14E+00
Ccacol Aragonite 0.00000E+00  1.00DDDE+00 1.000 0.00000E+00  0.00000E+0C  0.00000E+00  -1.09£+00
CaCl2 . 6H20_____  Anbarcticite 0.00000E+00  1.00DO0E+DO 1.000 0.00000E+00  0.00000E-00  0.CO000E«QC  ~1.11E+QL
NaK3 (SO4)2__Aphthitalite/Glaserite 0,00000E+0C  1.00000E+00 1.000 0.00000E+00  0.00000E+00  0,00000E+0C  -1_07E+01
Casoq - anhydrite C.00000E+DC 1.00000E+00 1.900 0.6C000E+0D 0.00000E~00 0.00000E+QQ ~3.98E+D0
NaBO2 .NaCl.ZH20___Teepleite (20_C) Q.00C00E+Q0 1.00000E+0D 1.000 0.00000E+00 0.00C00E+00 0.0C00CE+GD -1.15E-01
NaB508. SH20 Sodium_Pentaborate 0.00000E+0)  1.00000E+00 1.000 C.00000E+00  0.DCOODE+QC  0.QGOOQE+DL  -4.78E+01
to.tatrate . base.only 0.00000E+C0 0.00000E+CD 1.000 0.00000E+00 0.00000E+QD 0.00000E+DD -2.93E+02
...to.citrate acid.only 0.000C0E+CD 0.00000E+00 1.000 0.00000E+00 0.00000E+QD 0.00000E+QD -2.54E+02
BAOS5 (OH) 4= B4OS (OHI 4= 0.00000E+00  C.0OOODE+00  0.1519 0.CO0B0E«00  0.00000E+00  0.00000E+DD  -3.38E+01
K8K4 (C03 ) 6.3H2C___K-Sequicarbonate 0.00000DE+O0  1.00000E+00 1.000 0.0C00QE+B0  0.00000E+DQ  0.00000E+D0  -§,1BE+01
B30I (OH1 4~ B1O3 (OK) 4- 0.0000CE+DC ©.00000E~00 0.5412 0.00000E+GD 0.00000E+00 {0 .000Q0E~+0DQ -2.70E+C1
poH = -log[miH+)] = 12.7140
PH = -logfa(H+]] = 12.8532
Osmotic Coefficient= 0,919612 B
Equilibrium RE (%) =  99.302312 P
Ionic Strength {m) = ¢.213115 2 G op, THE
Density, kg/m3 = 1007.82 i
.
NOTES: - Warer "molality” is mele fraction H20 in agueous phase

- Gas "molality* and "activity® are gas partial pressures :
- "Descriptor* means: )
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Appendix M: Sample Output File “BATCH_DOC.QUT"

*aG/RT/1nl0 for species with nonzero concs. (convergence criterion)
*Saturation Index for minerals, SI=loglO{(IAP/Ksp}

*loglOractivity) for aguecus species with very small concentratiens
“logll(partial pressurel for gases

Total G/RT= ~5.30370149E+03

Total Diagonal Imversions 85

'h! Total Stoichiometric Reoptimizations 10
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Appendix N: Sample Qurtput File “Np_NaCl_BM_LOG.OUT”

Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

| See Table 27 for explanation of this listing.

INPUT £ile name is Ul: [SCBASB.FMT.USERGUIDE]NP_NACL_BM LOG.IN;1
. INGUESS £ile name is Ul:{SCBABS.FMT.USERGUIDE]NP_NACL_BM_LOG.INGUESS:1
* QUTPUT file name is Ul:{SCBABB.FMT.USERGUIDE]KP_NACL_BM 10G.CUT:1
- CHEMDAT f£ile name is Ul:[SCBABBE.FMT.USERGUIDE]FMT_EMw_NP_AM_CHEMDAT:1
. Temperature is Hard Coded as 298.15K
FHT V2.0

I Benchmark TITRATE Proble=., LOG1C option: Np(VI02 with CO) in 5.6lmolal NaCl

.
URCTURL R LR

ra
”

DATRBASE: IDWE4/FWE6; Np(V)-Na-CO3-OH-C1-Cl04 {NR34):

95.01.21

N

Am{IIT}-Na-C1-CO3-504-PO4 (FRSR89,FRFYC.PI1, RFFRI2, RFF94, RRFFI4)

B e L Y

#w» PEHO PRINT OF "CHEMDAT® FILE WOULD BE HERE """

e

SEE APPENDIX J

he

e R R R R R e TR

TITRATION Problem:

-) Assigning all delta(y! to 0.1 m
=) Setting ¥ ©f nodes in Y-direction to 3
-) Serting NONREACTIVE Porcsity to 0.0

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density 1S & Function of Compositien

RHOMIN

D e e R T T D

*** TABLE OF MINERAL DENSITIES, KG/M*3 WOULD BE HERE ***

we

SEE APPENDIX L

file name is Ul:{SCBABE.FMT.USERGULDE]FMT_HMW_NF_AM.RHOMIN; 1

B R L T TR T T

R e L L L L R Lt . R

GRID BLOCK VCLIMES, in liters
1.00E+00 1.00E-00 1.00E+00 1.00E+00 1.002+00

1.00E+00

1.00E+GO
1.00E+0Q0

1.00g+00 1.00E+00
1.00E-0Q0

1.00E-00

1.00E+00
1.00E+00

1-00E-00

1.0CE+D0

# imversions for batch pblm

1.00E+00 1.0CE+00

1.00E+00 1.00E+CO

1.00E+00

50

1.C0E-00 1.00E+00 1.00E+00C 1.0CE+00

1.00E-00 1.00E+00 1.00E+0Q 1.COE+CO

1.00E+00 1.00E+00 1.00E+0C 1.COE+00Q

1Benchmark TITRATE Problem, LOG10 option; Np(ViD2 with CO3 in 5.6imclal NaCl

DATABASE: HMWB4/FWB6; Np(V]-Na-CO3-OM-CLl-ClC4d (NR94);

95.01.31

Am{III}-Na-Cl-CO3-S04-PO4 (FRSRBS,FRF90, P91, RFFRI2,RFF94, RRFF94)

Pressure= 1.00000E+CD {=] ATM Temperatures 2.98E+02 [=) Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Molarity Ag. og/liter
1.11017363E+C2 1.11029658E+02 1.00100314E+02 1.00891107E-05 Hydrogen
6.1S086B1SE+C1  6.15154934E+01 S.546013B8E+01  B8.8732B944E+05 Oxygen
5.61000000E«CO S.61062129E-00 S.0SB33276E+00  1.16289207E+0S Sodium
0.00000000E+00 Q. 00000000E+00 0.00000000E+00 0.00C00000E+00 Potassium
©.0000000CE+00  0.00C00000E«00  0.00000000E+00  ©.0COC00000E+00 Magnesium
0.0000000CE+J0 ©0.00000000E+00 0.00000000E+D0 C.00000000E+00 Calcium
1.61000C00E+00  1.61017830E+00 1.4S167838E+00 5.14663538E+04 Chlorine
0.00000000E«00 0.0000000CE+00 0.00000000E+0D 0.00000000E+0C Sulfur
2.000000D1E+DD 2.00022150E+00  1.80332719%E+00 2.16597628E+04 Carbon
0.00000000E+Q0 0.00000000E+CC 0. C0000000E+DO C.00000000E+00 PosIon
0. 0000000CE+0D 0.00000000E+CC  0.CC000000E+0Q 0.00000000E+00 HKegIon
0.0000000CGE+00Q 0.00000000E+00 ©.0000Q000E~D0 0.00000C00E+00 Air
0.0000000GE+Q0 0.00000000E+00 0.000000D0E+DD 0.00000000E+00 Boron
£.0000000CE+00  0.00000000E«00  ©.000D00D0E+D0  0.0COCO0COE+00 Bromine
0.00000C00E+00  0.00000COCE+CC  0.0000000CE+00  0.00000000E+00 TracerEl
©.000000D0E+Q0 0.00000000E+00 0.00000000E+CO 0.000000C0E+C0 TR(IV)
0.0000000CE+00  0.00Q00COOE-O0  O.000000Q0E+D0  0.0000D00CE+00 Am(III)
0.000CC000E~00  0.00000000E+00  ©0.00000000E+00  0.00000000E+30 U(VI)
0.0000C00CE+DD 0.00000C0QE-Q0 0.00000000E+0C 0.0000000CE+O0 Np(V)
0.0000000CE+00  0.00000CO00E+00  0.00000000E+0C  0.COCO000CE-D0 ClO4-(EL}
0.CO0000000E+0C  0.000COO0QE+00  0.00000000E+00  0.00000GOCE+00 Phosphorus
0.0000000D0E+D0 0.00000000E+00 0.00000000E+00 0.00000000E+0C Electron
~2.22044605E-15 ~2,.22069196E-15 -2.00209536E-1S 0.0000000QE+00 Charge

Solution Parameters, Calculated

SOLUTION MASS
H20 MASS

1306.07033509890
999 .B89265717486

grams
grams

FMT V2.0

1.00E+00 1.00E+DC 1.00E+CC 1.00E+C0

1.00E+00 1.00E+DC 1.00E+D0 1.00E+00

1.00E«00 1.00E+0C 1.0QE+00 1.00E+0Q0
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
TOSig/kg) 306.214981877726 g/kgH20
= Specified Sclution Density
FL DENSITY 1177.62607439302 kg/m~3 = g/1
FRa Sclutien Parameters Based on Specified Density
b SOLUTION VOL 1.10906108219560 liters
2 DS 276.072326670472 g/l
2 Density based on TDS and NaCl sclutions 1177.63607439302 g/l
2 Percent relative errcr vs NaCl density 0.0000000000COCO0E-D00 §
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarxity mg/liter Descriptor
WATER 8.57464E-01 8.59843E-01 1.003 5.55025E+D1 5.00446E«01 9.01564E+05
Na+ S$.61062E+C0 3.69881E+00 0.6593 S.6100CE+00 S$.05812E+00 1.16280E+05
co3=x 1.99407E+00 4.08214E-02 2.0522E-02 1.99385E+-00 1.78778E+00 1.078B4E+D5
cl- 1.6101BE+00  1.06477E+00 0.6813 1.62000E+00 1.45168E+00 5.14564E+04
HCO3 - 5,14734E-03 1.59044E-03 0.2587 6.14666E-03 5.54222E8-23 3.38170E-C2
OH- 6.14733E-03 4.86501E-03 0.7921 6.14665E-03 5.54221s-03 §.42580E+01 2.00E-11
c02 (ag) 2.36876E-09 7.15913E-09 3.022 2.36850E-09 2.1355%E-0%5 $.3986BE-05 =2.12E-07
H+ 2.39954E-12  1.77959E-12 0.7416 2.39927E-12 2.16334E-12  2.18043E-0% -5.58E-08
NajJH{CO3)2.2H20___  ___ . Trona 0.00000E+00  1.00000E-00 1.000 0 .00000E+00 0.00000E+00 0.00000E+00 -1.57E+00
L HCl{ag)--..... to.titrate.acid.only 0.000C0E+DO 0.00080E+00 1.c00 0.00000E+00 0.00000E+00 0.0000CE+0C -2.52E+02
© ' NaOM{agl...... to.titrate base.only 0.00000E+00  0.CCOOCE+00 1.000 0.00000E+00  0.00000E+00  0.060000E+00  -2.592E+02
©°: Nacl, Halite 0.000D0E-DD 1.0000CE~D0 1.000 0.00C00E+CD 0.00000E+00 0.0C000E+DO ~98_75E-01
> NaHCO3, Nahcolite 0.00000E+0C 1.00C00E«00 1.000 0.00000E«QC 0.00000E+00 0.CCORDE+DD -1.83E+00
< Na2003.7HIO, RaZCO3-Heptahydrate £.000D0E+DD 1.0000DE+DD 1.000 ©.000C0E~00 0.00000E+00 0.00000E+00 -2.51E-01
I Na20o3.H20 Thesmsnatrite 0.00000E+00 1.00000E+00 1.000 0.00D00E-D0 0.0000CE+00 0 .00000E-0Q0 -7.93e-01
't Na2C03 . 10E20 Natron 0.000C0E+00 1.00000E+CO 1.000 0.00000E-00 0.CCC00E+00 0.C0000E-00 -8.30E-02
T pmH = -log[miHe)) = 11.619%
T pH = -loglaiH+)] = 11.7497
Osmotic Coefficient= 0.908418
Equilibrium RH (%) =  85.984284
Ionic Strength (m) = 7.604635
Density, kg/m3 = 1177 .64

NOTES: - water "molality" is mole fraction H20 in agqueocus phase

- Gas *molality*® and "activity" are gas partial pressures

- *Descriptor" means:
*dG/RT/1nl0 for species with nonzerc concs. (convergence criterion)
*Saturaticn Index for munerals, SI=loglC{IAP/Ksp}
*loglO{activity) for agquecus species with very small concentrations
*logl0(partial pressure) for gases

Total G/RT= -6.42133776E+03

Reaction 4 1 sldsum 2.000000000000C0

This is a solid-only reaction

shifting left by

DATABASE:
95.01.31
Pressures

4 .64434654478256
calling makenmuv for allomorphic reactions
# inversions for batch pblm

75

Elemental Abundances for Flash Prcblem

Total Moles

1.11018363E+02
1.05508682E+02
1.56100C00E+01
0.00000000E+Q0
0.000C0C00E+D0D

0. 000¢ 00

Aqg. Molality

1.11017591E+02
5.55113597E+01
S.61057382E+00
C.00000000E+00
0.0C000D00E+00

5.61100000E+00
0.0C000C00E+0D
1.00000000E+01
C€.000C300CE-G0
0.00000000E+00
0, 00000000E+00
0.00000000E+00
0.00000000E+00
©.00000000E+00
©.00000000E+00
©0.0C00C00CE-DD
0.00000C00E+00
1.000CD000E-01
0.00000000E~00
0.00DO0000E-Q0
0.00000000E+C0
=2.37316632E-15

NDODOMNDODOQOOOODO0OO0OQOMO WO

DQOE-DO
.6109609EE-00
CO0DCOCOE+0D
-12839261E-04

BE LD

Aq. Molarity

$.9383886BE+01
4.96942389E+01
5.02263316E+00
0.00C00C00E+DO
C.00000000E+00
0.00C000COE+OD
5.02297975E+00
0.0000000CE«00
5.48618892E-04

00000000E+00
00000000E+CO
.00000000E+0D
-00000000E+00
-00000000E+00
GO0CCOCOE+00
-00000000E+00
.00000C00E~OC
.12839261E-04
-00C00000E+00
.00000COCE-QD
.00C00000E+Q0
-37314981E-15

D.oo00 00
2.00000000E+00
©.0000CCO0E+T0
0.60000000E+CO
0.00000000E+00
C.00000000E+Q0
0.0000C000E-00
©.00000000E+0D
©¢.00000000E+0OD
5.48618892E-04
€.0C000000E-CO
0.00C00D0CE+CC
0.00000000E+00
~2.12446380E-15

Temperatures=

1Benchmark TITRATE Problem, LOGl0 option; Np(V)02 with €03 in 5.61lmolal NaCl
HMWB4 /FW86; Np(V)-Na-CQ3-OH~-C1l-Cl04 (NR9{);
Am{III)-Na-Cl-CO3-504-P0O4 (FRSRBS,FRF30.P91,RFFRIZ, RFF94, RRFF94)
1.00000E+G0 [=) AT™

2.398E+02

Aq. mg/liter

1.00165020E+0S
7.95078006E+05
1.15465181E+05
©.00000Q000E+00
0.00000000E+00
0.00000000E+00
1.78079701E+05
0.000G0000E+CO
6.58946152E+00
©.00000000E+00
0.00000C0CE+0O0
0.00000000E+00
€ .000000D0E+CO
0.00000000E+00
0.00000000E+CD
0.00C00DCOE+O0
0.0000C000E+DD
0.0000CCO0E+00
1.300435121E+02
0.000000C0E+CO
0.00000000E«00
0.00000000E+00
0.000COQ00E+CO

[=] Kelvin

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
Poslon
Negleon
Air

Boron
Bromine
TracerEl
Th{IV)
Am{III}
UivI)

Np (V)
Clo4-(EL)
Phosphorus
Electron
Charge

FMT V2.0
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DATABASE: HMWB4/FW86; Np{V)-Na-CO3-OH-C1-ClCd (NRS4);

95.01.31  Am(III}-Na-Cl-C03-SO4-PO4 (FRSR89,FRFI0, P91, RFFRI2, RFF94. RRFF94)
Pressure= 1.00000E+00 {=] AT™ Tesperatures= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem
Total Moles Agq. Molaliry Ag. Molarity Ag. mg/liter
31.85857174E+01  1.11017591E+02 9.93838868E+01  1.00169020E+05 Hydrogen
3.66707638E+01 5.55113597E+01 4.96942389E+01 7.95078006E+05 Oxygen
5.42543622E+00 5 61057382E+00 5.02263316E+00 1.15469181E+05 Sodium
©.00000000E+0CD ©.00000000E«CD ©.000000C0E~QQ 0.00C00000E«00 Potassium
0.000000C0E+0C  0.0000000CE+00  ©.0000COCOE+0C  ©.0Q000000E+00 Magnesium
©.000C0000E+00 0.0000C0000E+OO ©0.00000000E+CD ©0.00000000E+00 Calcium
1.95016801E+00 5.61096098E+00 5.02297975E+00 1.78079701E+0S Chlerine
0.00000000E+00 ©.0C000000E+00 ©.00000C00E«0D 0.00000000E+00 Sulfur
3.47561578E+00  6.12839260E-04  5.48618892E-04 6.58546151E+00 Carbon
©.00000000E+00 0.C00000C0E-0Q 0.0D0900000E+0Q0D 0.00000000E+QD PosIon
0.C0000000E+00  0.0COODCOCOE+00  ©.0DCOOCCOE+0C  0.00000C00E+00 Neglon
0.00000000E+00 0.00000000E+00D 0.00000000E+00 0.000C0000E+QQ Air
0.00000000E+00 0.000C000CE+QD G.0C000000E+00 0.00000000E+00 Bozen
0.00000000E+D0  0.0000000CE+00  0.00000000E+00  0.00000000E+00 Bromine
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
Solution Parameters, Calculated
SOLUTION MASS 1328.11614865142 grams
H20 MASS 1000.00595466819 grams
TDS(g/kg) 328.106912108529 g/kgH20
Specified Solution Density
DENSITY 1188.93254605477 xg/m~3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VOL 1.11706602116201 liters
TOS 293.724084134187 g/l
Density based on TDS and Nall solutions 1188.93254605477 g/l
Percent relative error vs NaCl density 0.00000000000CCC0E-000 &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity mg/liter Descriptox
H20 WATER 8.31822E-01 7.77955E-01 0.9352 5.S5091E+C1 4.9651BE+01 B.95208E+05
NaNpO2CO3is} Nanp02C03 (s} 9.99932E+00  1.00C00E+CO 1.000 9.99939E+00  8.95147E+00  3.15133E+06
cl- c1- S.61096E«00 5.25329E+00 0.9434 5.61100E+00 S.02298E+00  1.780BQE+05
Nae« Na+ S5.610S7E+00 5.2326BE+C0C  0.9433 5.61061E+00  S.02263E+00  1.15469E+05
NpO2+ NpO2+ 6.12705E-04  1.21978E-02 1.951 6.12709E-04  5.4B499E-C4  1.47572B+02
co2{ag) Co2{aq) 3.86103E-04 1.12115E-03 2.904 3.88106E-04 3.45643E-04 1.52117E+01
HCO3- HCO3- 2.26571E-04  8.38810E-05 ©.3702 2.26573E-04  2.02829E-04 1.23760E+01 4.26E-09
NpO2Co3- NpO2L0O3- 1.331526E-07 2.42971E-07 1.820 1.335278-07 1.19534E-07 3.93334E-02 -1.99E-11
H+ 1.21872E-06  4.7B095E-06 3,923 1.21873E-06  1.09101E-06  1.09962E-03 -4 .38E-08
CO3= 3.093B4E-C8 8.03342E-10 2.5966E~02 3.08386E-08 2.76963E-08 1.66203E-03 -1.62E=07
OH~- 3.01€85E-09 1.63977E-09 0.5435 1._01687E-0%  2.70071E-09  4.59328E-05 2.55E-08
NpO20H (ag) NpQO2ZOH{ag) 7.72186E-10  7.72186E-10 1.000 7.72191E-10  6.51267E-10  1.97740E-04 1.878-07
Np02 (COJ ) 2=~ NpGZ{CD3) 2=~ 1.98384E-11 5.13354E-16 2.5877E-0S 1.983B5E-11  1.77595E-11 6.90960E-06 =1.62E-07
NpO2 (OK) 2~ NpOZ2 (CH) 2- 2.04382E-16 6.10702E-17 0.2988 2.04383E-16 1.B2964E~16 5.54494E~11 2.13e-07
NpO2 (003} 3=== NpO2{CD3]3==- 1.25197E-16  9.87896E-26 7.890BE-10  1.251%8E-16  1.12077E-16 5.03310E-11 -3.231E-07
NpOZOH (aged) NpOZOH {aged) 0.00000E+0C  1.00000E+00 1.000 0.00DOQE+00  0.00COCE+00  0.00000E+00  -2.38E+0D
NaOH(ag) . ..... to.titrate . base.only 0.00C00E+00 0.00000E+00 1.000 0.Q000QE-QQ 0.000DOE+00 0.00000E+00 =2.99E+02
HCl(agl.,..,...to.titrate. acid.only 0.00C0CE+0OD 0.00000E+00 1.000 0.00000E+00 0.D0C0CE+00 0.00000E+00 -2.45E+02
NalNpO2 (C03)2 (s} DISABLED DISABLED 0.00000E+00  1.00000E+00 1.000 0.00000E~00  0.00000E+00  0,00000E+00 -9 .36E+02
NaCl Halire 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.0CCOOE+00  0.00000E+00  -1.23E-01
NaHCO3 Nahcolite 0.0000CE+QQ 1.00000E+00 1.000 0.00000E+D0 0.0000CE+00 0.000C0E+Q0 ~2.95E+00
Na2Co3, 10H20, Na2ren 0.000QOE+DL  1.00DOOE+DQ 1.000 0.0DDODE+DC  0,00000E+00  D.0Q00LOE+0D  -7,591E+R8
Na2C03 | TH20, Na2CO3-Heptahydrate 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0.00000E+00 0.00000E+00 ~7.95E+00
Na2C03 ,H20, Thermonatrite 0.00000E+00  1.00000E+00 1.000 0.C0000E+0C  0.0000QE«D0  0.00000E+00  -8.24E+30
Na3H (CO3)2.2H20, Trona 0.00000E+00  1.00000E+00 1.000 C.000Q0E+0C  0.00000E+00  0.000COE+00  -1.02E+31
NpO2CH (amor) NpO2CH((amar) 0.00000E+00  1.00000E+00 1.000 0.CCOQ9E+00  0.00000E+00  0.00000E+00 -2 98E+00
poH = ~log(m{H+!] 5.9141
PH = -logla(H~)) = 5.3205
Osmotic Coefficient= 1.241871
Equilibrium RH (%) = 77.795863
Ionic Strength (m) = 5.611188
Density, kg/ml = 1188.93
NOTES: -~ Water "molality® is mole fraction H2Q0 in agueous phase
- Gas "molality® and "activity" are gas partial pressures
- *Descriptor® means:
*4G/RT/1n10 for species with nonzerc concs. |(convergence criteriom)
*Saturation Index for minerals, SI=1ogl0(IAP/Ksp)
*loglO(activity) for agueous species with very small concentrations
*loglG{partial pressure} for gases
Total G/RT= -1.33323084E+04
3’ Flashing Ticration # 1 R
#32 # inversions for batch pblm 11 o' 3 R
> 1Benchmark TITRATE Problem, LOG10 opticn; Np(V}02 with CC2 in 5.6lmolal NaCl FMT V2.0 3 . U
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Appendix N: Sample Qurput File “Np_NaCl_BM_LOG.OUT”

0. 00000C00E+00 0.00000000E+D0 0.000000G0E+00 9.00000000E+QC TracerEl
0.00000C00E+00 G.00000000E+D0 0.Q0000000E+0D 0.000000CDE+Q0 Th(IV}
0.00000000E+C0 0. 000000O0E+QD 0.00000CI0E+Q0 0.00000000E+00 AmIIII})
0. 60000000E+00 0.00000000E-00 0.C00CO000E+00 0.00000C0DE+CE UIVI)
3.47S61578E-00 6.12833260E-04 5.48618892E-04 1.20049121E+02 Hp(V)
C.00COC000E+DD 0.0C000000E~00 0.00000000E-00 G.00GDDODOE+DC CLlOd-(EL)
0.0000C000E+00  0.000C0000E+Q0  0.000Q00CQCE+DC  0.000Q00000E+20 Phosphorus
0.00000CC0E+OD 0.Q0000D00E+D0 0.000Q0C00E+GO 0.00000000E+00 Electron
-6.9452%850E-16 -1.99B26754E-15 -1.7EB86E01E-15 0.0CH00Q00E+00 Charge

Solution Parameters, Calculated

SOLUTION MASS 461.602144251012 grans

H20 MASS 347.563995068956 gramns

TDS (g/kg) 328.106912108173 g/kgH20
Specified Solution Densizy

DENSITY 1188.93254605459 kg/m*3 = g/l
Solution Pavamerers Based on Specified Density

SOLUTICN VOL 0.388249228926247 liters

TOS 291.724084133303 g/1
Density based on TDS and NaCl solutions 1188.93254605459 g/l

Percent relative error vs NaCl density 0.0000C000000C00CE+O0R0 %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molalaty Activicy Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER 8.318228-01 7.779598-01 0.9352 1.92928E+01 4.96918E+01 B.S5208E+05

NaNp02C03 (s) NaNpO2C03{s} 9.99922E+00  1.0CO0OE~OQ 1.¢00 3.47540E+00  8.95147E+00  3.15133E+06

cl- cl- 5.61096E+00 5.29329E+Q0 0.9434 1.85017E+00 5.0223BE+00 1.78080E+05

Na+ Na+ S.51057E+00 5.25268E+00 0.93433 1.95003E+D0 5.02263E+00 1.15469E+05

NpO2+ NpOzZ+ §.1270SE-04 1.21978E-03 1.991 2,12954E-G4 5.48439E-04 1.47572E«02

COZ (ag) . o2 {aq 3.B6103E-04 1.121158-03 2.904 1.34196E-G4 3.45643E-04 1.521178+01

HCO3- HCO3~ 2.26571E-04 8.3B810E-05 0.3702 7.874B1lE-05S 2.02B25E-04 1.23760E+01 -6.17E-15
H+ H+ 1.21872E-06 4.78095E-06 3.923 4.235B2E~07 1.09101E-06 1.09962E-03 €.17E~15
NpO2C03- NpO2C03- 1.33526E-07 2.42971E-07 1.820 4 .64090E-08 1.19534E-07 3.93334E-02 1.85E-14
£03= Cal= 3.083B4E-08 8.03343E-10 2.596EE-02 1.07531E-08 2.76963E-08 1.66203E~03 C.00E-00
OH- OH- 3.01685E-08 1.63377TE-Q5 0.5435 1.04855E-09 2.7007iE-0% 4.59318E-05 -~6_17E-15
NpOOH {ag) NpO20H (ag) 7.72186E-10 7.72186E=1D 1.000 2.68384E-10 6.91267E-10 1.57740E-04 0.00E~DO
NpO2 (CO3 } 2=~ NpQ2 (CC3 ) 2=- 1.98384E-11 5.13355E-16 2.5877E~05% &.89511E-12 1.7T395E-11 §.90960E-0¢ &.00E+GT
NpO2 (DH) 2= NpO2 (CH) 2~ 2.04381E-16 6.10703E-17 0.2888 7.10356E-17 1.82964E-16 5.544%4E-11 1.23E-14
NpO2 (CO3 ) J==~ NpO2{C03) 3==- 1.25197E-16 9.87897E-26 7.8908E-10 4.35139E-17 1.12077E-16 5.0331C0E-21 ~3.53E-10
HCl(aql. auvun to.titrate.acid.only 0.0C000E+00 0.00000E+00 1.000 0.000Q00E=00 0.00000E+00 0.00000E+00 -2 .45E+02
NpO2OK (agad)______ _ NpOOH(aged} 0.00000E+00  1.00000E+00 1.000 0.00000E+0C  0.000DDE«00  0,00000E+D0  -2,3BE+00
NpO20H (amar) e NPO2OH (amor ) 0.00000E+0Q0D 1.00000E+0C 1.090 0.00R0QE+CC 0.90000E+00 0.00000E~00Q -2 _9BE+00
NaOH{ag) ...... to.titrate.base.only C.00000E+00 0.C0000E+D0 1.9000 0.CDODCE+DO 0.00000E+0Q 0.00000E+Q0 -2.99E+02
Na3Np02 (CC3)2 (s} _DISABLED, DISABLED 0.000C0E+00 1.CC000E+QD 1.000 0.00DCCE+DD 0.00000E~0Q 0.C0000E+0C -9.36E+D2
NaCl Halite 0.00000E+DD 1.00000E+00 1.000 0. 0G000E+D0 0.000G0E+«Qq G . 0000CE+C0 -1.23=-01
NaHCO3 Nahcolite (. 00000E+0D 1.0000CE+00D 1.000 0.0C000E+DD G.00000E+DD 0.00000E+00 -2.95E+00
Na2003.10H20 Natron 0.00000E+00 1.00000E+00 1.9000 0.00C00E+QD Q.000D0E+DD 0.Q0000E+D0 -7.91E+00
Kaz2C03 . TH20 Na2CO3-Heptahydrate 0.0C009E+00 1.00000E+00 1.000 0.0DOOYE+CT 0.00000E+00 0.00000E+0D =7 .95E+00
Na2C03.H2C Thermonatrite 0.00000E+00 1.00000E~0C 1.000 0.00C00E~CC 0.0000DE+00 C.C0Q00E~DD ~8.24E+00
Na3H(CO3)2 _2H2C Trona 0.00000E+00 1.00000E+00 1.c00 0.0000CGE+DC 0.60000E+00 C.0CODDE+QD -1.02E+01
poH = —log(miH+)] = 5.5141

pE = -logla(H+)) = 5.3205

Osmotic Coefficient= 1.241871

Equilibrium RE (%) = 77.795863

Iohic Strength (m) = 5.611188

Density, kg/m3 = 1188.93

NOTES: - Water "molality- is mole fractipn HZQ in agueous phase

- Gas "molality" and -~acrivity® are gas partial pressures

- "Descriptor’ means:
*dG/RT/1nl0 for species with nonzero concs. (Coanvergence ¢riterionm)
*saturation Index for minerals, SI=logl0{IAP/Ksp) 7
*loglli{activity] for agueous species with very small concentrations £
*loglCipartial pressure) for gases

‘toral G/RT=x ~4.63379813E+03
Flashing Titration # 2
# inversions for batch pblm 13 -
i1Benchmark TITRATE Problem LOGLO option; Np(VIOZ with €O in 5.61lmolal NaCl FMT V2.0
DATABASE: HMWE4/FW86;: Np(V)-Na-CO3-0H-C1l-Cl04 {NR94!:
95.01.31 Am(IIX)-Na-Cl-C03-504-P0O4 (FRSR8Y,FRFI0,P%1, RFFRY2, RFF94 ,RRFF34)
Pressure= 1.00000E+D0 =) ATM Temperatures 2.98E+02 [=) Kelvin

Elemental Abundances for rlash Problem

Total Moles Ag. Molalicy Ag. Molarity AT mg/liter
3.85957275E+01 1.1101774€6E+02 9,.93891116E+01 1.00174286E+05 Hydrogen
3.66763098E+03 5.55107903E+01 4.96962723E+01 7.95110540E+05 Oxygen
5.42594206E+00 5.61014205E+00 5.02250276E+00 1,15466183E+05 Sodium
0.00000000E+D0D 0.000000CCE+QD 0.009000C0E+OR 0.00000000E+00  Potassium
0.0000CHO0E+DD 0.00000000E+00 0.000000CCE+QOD 0.00000000E+D0 Magnesium
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"
e
0.00000000E+00 0.00000000E+0C 0.00000000E+00 C.00000000E+0C Calcium
1.95031318E+00 5.609931145+00 S.02231483E+00 1.78056128E+05 Chalerine
0.000000DCE+OD 0.000000Q0E-0C  0.00000000E«00  0.00000000E+00 Sulfur
3.47579611E+00 6_50932337E-04 6.18S50128E-04  7.42952570E+00 Carbon
0.00000000E+00 ©.0000C0C0E~00 0 .00000000E+00 0.DO0O0000OE+00 PosIon 5
0.00000000E«00 0.00000DOCE+Q0C  0.000C +00 0.000 00 Neglen
©.CO00C000E+00 ©.00000000E+0C  ©.00000000E+00 0.00000000E+0C Air
0.00000000E+00  0.00000000E+0C  0.00000000E«00  0.000000Q0E+0C Boron
0.0000000CE+00 G.00000000E+3C  0.000C0000E«00 0.000000Q00E+00 Bromine
C.00000000E+00  C.00COCCOCCE«DC  ©.COQQOOQOE+QC  C.Q00O000CE+OC TracerEl
C.0000000CE+00  O.0000000CE+00  ©.0C000000E<OC  0.00000000E+0C Th{IV)
0.0000000CE«+0D 0.00CO0CO0E+DD 0 .00000000E«CD 0.0CD000Q0E+C0 Am{III}
0.000C0C00E-0D 0.C00DOC0CE+0D ©.00CO0QC0E~QD 0.00C00000E+00 UVI)
1.47561578E-00 1.72218651E-04 1.541794B84E~04 3.65479651E+01 Rp(V)
©.0000COGOE-00 ¢ .00000000E+0C ©.00000C0CE+00  0.00000000E+00 ClOd4-{EL)
Q.C60000000E-00  0.0003000GE+CC  0.0CG00CGO0E-GC O .00000000E<00 Phosphorus
0.00000000E+00 Q.00000DD0E+DC 0.00000000E-00 0.00000000E+00 Electron
-7.46B067S9E-16 -2.14813222E-15 -1.92312635E-15 0.00000000E+00 Charge
Solution Parameters. Calculated
SOLUTION MASS 461.665999617224 grams
H2C MASS 347.653675849716 grams
DS (g/kgl 327.547988724253 g/ RgH20
Spacified Selution Densiry
DENSITY 11B8.85111378591 kg/m~3 = g/l
Soluticn Parameters Based on Specified Density
SOLUTION VOL 0.388329534508870 liters
TOS 253.556838853300 g/2
Density based on TDS and NaCl solutions 1188.851113786%1 g/1
Percent relative error vs NaCl density 0.000000000000000E-0Q0 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Aot Coef Toral Moles Molarity my/liter Deseriptar
H20 WATER 8.31845E-01 7.78011E-01 0.9153 1.9297BE+01 4.96944E+D1 8, 95254E405
NaNpD2C03 (s) NaN:02C03 (8) 9.99716E+00  1,0C000E+00 1.000 3.475%6E+00 B.95002E+00  3.1508B2E+06
Na+ Na+ 5.61014E+00 5.29140E+00 0.9432 1.9503%E+00 5.02250E+00 1.15466E+05
c1- Cl- 5.60993E+00 5.28139E+00 0.5432 1.95G31E+00 5.02231E+Q0 1,.78056E+05
HCO3 - HOO3 - 3.82212E-04  1.41513E-04 0.3702 1.32878E-04  3.42177E-04  2.08787E+01
co2 lag) o2 tag) 3.0B476E-04 8.95671E-04 2.904 1.07243E-04  2.76165E-04  1,21535E+01
NpO2- NpO2+ 1.72085E-04 3.42481E-04 1.990 5.9825BE-05 1.54059E-04 4,14452E+01 ~1.64E=12
He Be 5.77346E~07 2.26410E-06 3.522 2.00716E-07 5.16872E-07 5,20955E-04 ~1.%9E=-11
NpO2C03~ NpO2C02 - 1.33573R-07 2.430308-07 1.819 4.643T0E-08 1.19581E-07 3.93490E-02 =2.47E-14%
£03= CO3= 1.10196E-07 2.86188E-09 2.S971E-02 3.B3099E-08 9.86531E-08 5.92010E-03 2,55e-11
OH- ON- 6.37029E-0% 3.46282E-09 0.5436 2.21466E-09 5.70303E-09 9.69932E-05 1.64E-11
NpO20H (ag) NpO20H{ag) 4.57851E-10 4.57851E-10 1.000 1.59174E-10 4.09893E-10 1.17252E~04 -1_01E-11
NpO2{C03 2=~ NpO2 (CO3) 2=~ 7.06677E-11 1.82925E-15 2_S885E-05 2.45679E-11 6.32656E-11  2.46144E-05 2.65E-11
NpO2(C03)3==- NpO2(CO3) 3==- 1.$8546E-15 1.25406E-24 7.9097E-10 S.51182E-16 1.41939E-15 €.37413E-10 -8.77E-11
NpO2 (OH) 2- NpO2 (OH] 2- 2.55903E-16 7.64679E-17 Q.2988 8.8%657E-17 2.29098E-16 €.94309E-~11 6.38E-12
NalH(C0312.2H20, Trona 0.00000E+00 1.00000E+0Q0 1.000 ©.00000E+00 0.00000E«DO ©0.00000E+D0 -9.40E+0D
Na2003 .H20 Thermcnatrite 0.00000E+00 1.00000E+00 1.000 0. 00000E-00 0 .00000E«00 0.00000E~00C =-7.69E+00
Na2003 . TH20, Na2003]-Heprahydrate 0.00000E+00 1,00000E+00 1.000 G.00GO0E+00 €.00000E+0G  G.00000E~Q0 =7.40E+00
Na2C03.10H20 Natron 0.60000E+00 1.00000E+00 1.000 ¢.00000E«D0D 0.00000E+00 ©.00000E-00 =7.35E«00
> NaHCO3 Nahcolite ©.00000E+00 1.0000CE+0Q0C 1.000 C.00C00E-00 0.00000E+00 0.00000E+00 =2.72E+00
v NaCl Halite 0.00000E+CO 1.00000E+00 1.000 C.000COE.00 0.00000E«00 0.00000E+D0 -1.23g-01
NaJRpO2 (C03)2(s)_DISABLED DISABLED 0.00000E+00 1.C0000E+00 1.000 0.00000E+0D 0.00000E~D0 C.00000E+QD ~9.36E+02
NaOH(ag) ...... to.ticrate.base only 0.00000E+0C  0.00000E+00 1.000 0.00000E+00  0.00000E+DO  0.00DQ0E+DC  -~2.98E+02
£ NpO2OH{amor) NpO2QH{amor) ° ©.D0000E«00 1.00000E+00 1.000 C_00000E+QC 0.00000E+00 0.00000E+0Q0 -31.21E+00
NpO20H (aged) NpO20H {aged) 0.00000E+00 1.00000E+00 1.000 8.00000E+00 G.00000E+00 G.00000E+C0 -2.61E+~00
HCliagQ)....... to.titrate.acid.only 0.0000CE+00  O.000COE+00 1.000 0.00000E+CD  0.00C0O0E+00  ©0,00000E+0C  -2.45E+02
prE = -log{m(H+)) = 6.2386
pH = -logfa(H+}) = 5.6451
Osmotic Coefficients 1.241740
Equilibrium RH (§) = 77.801108
Ionic Scrength (m) = 5.620324
Density, kg/mid = 1188.85
NOTES: = Water "moclality® is mole fraction H20 in aguecus phase
- Gas "melality" and “activity' are gas partial pressures
- *DesCriptor” m&ans:
*dG/RT/1nl0 for species with nonzero concs. (convergence criterion) 3
*Saturation Index for minerals, 5I=logll!IAP/Ksp) :
*loglllaczivity) for agueous species with very small concentrations *
*loglO{partial pressure) for gases *
Total G/RT= -4 .63438031E+03
# Flashing Titration # 3
g ¢ inversions for batch pblm 22
%% 1Benchmark TITRATE Problem, LOG1C option; NplV)02 with €03 in 5.61molal NaCl FMT V2.0

DATABASE: MMWB4/FW86; Np(Vi-Na-CO3-0H-C1-Cl04 (NR94);
95.01.31 Am(III)-Na-Cl-CO3-504-PO4 (FRSR8Y, FRF90, PS1,RFFRY2, RFF94,RRFF94)
Pressures 1.00000E+D0 [=] ATM Terperatures 2.9BE+02 [=] Kelvin




FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
Page 153
Appendix N: Sample Output File “Np_NaCi_BM_LOG.OUT"
443 Elemental Abundances for Flash Problem
L]
Total Moles Ag, Melality Ag. Molarity Ag. mg/liter
1.855999827E+01 3-11017943E+02 9.93906557E+01 1.00175B42E+05 Hydrogen
1.66786675E+0] 5.55309442E+01 4.56970%38E+01 7.95123682E+05 Oxygen
5 .426815710E+00 5$.6100297%E+00 5.02247225E+00 1.154654B2E+05 Sodium
0.CO00RO0CE+O0  0.00000000E+00  D.COOGQCODE+CC  C©.00000000E+D0 Potassium
0.00000000E+00  0.0DOCDOOCE+QD  0.COOCCCOOE+GC  ©.OCDOGOQOE+D0 Magnesium
0._000GO000E+00  0.0000CQ00E+00 0,00000000E+0C  0.0GGO0000E+00 Calcium
1.95037489E~00 5.60950015E+00 5.02139808E+00 1.78044898E+05 Chlerine
0.000000C0E+0D 0.000C0000E-0C 0.00000C00E+OD 0.00000000E+00 Sulfur
3 475872T7E+00 7.9012608BE-04 7.07373490E-04 B.49626299E4+00 Carbon
0.00000000E+00 0.000000DDE+OD 0.00000000E+00 0.00000CH0E4DC Poslen
¢ .00G00000E+DD 0.00000000E+QD Q.00000000E+DD 0.C00000G0E+CC Neglon
0.0000C000E+00 0.000C000CE+DO 0.C0G000R0E-DO 0.00000Q0CE+O0 Air
0. 0000000DE+D0D 0. ODDORODDE+DD 0.GO00DCRDIEAOC 0.90Q0D0000E«D0 Baoyen
0. 000CQ000E~+0D 0.C0000000E+00 0.QC000000E+00 0.0000Q000E+CD Bromine
0.000CDO00E+0D 0.0000000CE+QD 0.00000G0O0E+DD 0.00000C00E+D0 TracerEl
0.00000000E+00 0,B0000000E+0C  0,0Q0000C0E+00  0.00000C00E+D0 Th(IV)
U_0000CO00E+C0 0.DCOCOQCOE+OD 0.00C00000E+00 0.00000000E+D0  Am(IXI)
0.000D000GE+00  0.00D0O0COE+0O0  0D.0000COCQOE+CD  0.00000000E+00 U({VI)
3.47561578E+00 5.09B60CBOE-05  4.56460697E-05  1.08203186E+01 Np(V)
0.00000000E+00 0.D0D00OOGE+OD 0.C0000OCCOE+QC 0.00000000E+D) ClO4={EL)
0.000C0000E+QD C.0OCO0CO0E+DD 0.000G3000E+0QC C.00000000E+G0  Phosphorus
0_000C0000E+00 0 .00COCOOGEQD 0.GO0CGCCCDE+OO 0.00000C00E+OC Electren
-1.85281271E-15 -5.32890020E-15 =4.77078632E-15 0.000000C0E+DC Charge
Soluticn Parameters, Calculated
SOLUTION MASS 461.701224245777 grams
H20 MASS 347.691387660720 grams
TOS{g/xg)} 327.905264930812 g/kgH0
Specified Solution Density
DENSTITY 1188.82922071362 kg/m*3 = g/l
Solution Parameters Based on Specified Density
SOLUTICN VOL 0.388366315532382 liters
TS 293.56262895449%4 g/l
Density based on TDS and NaCl solutions 1188.82922071361 g/l
Percent relative error vs NaCl density 2.000000000060000E-QD0 &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Holes  Molarity mg/liter Descriptor
H2O WATER £.31852E-01 7.78030E-01 0.9353 1.92999E+01 4.96951E+01 8.95267E+05
NaNpO2CO3 {s) e NaNp0O2C03 {s) 9.99622E+00 1,000008+00 1.000 3_47S60E+00 £.94328E+C0 3.15056E+06
Ha+ Na+ 5.61003E+00 5 .290B0E+0D &.9431 1.95056E+0C 5.02247E+00 1.15465E+DS
Cl= cl- 5.6095CE«D0 5_29073E+00 0.9432 1.95037E+00 5.02200E+00 1.78045E+05
RCO3- HCO3- 5.79856E~D4 2.14695E~04 0.3703 2.01611E~-04 5.1912Z5E-04 3.16755E+01
Co2iag) Coziag) 2.097€3E-08  6.U9044E-04 2.903 T.28328E-05  1.87794E-0d  §.26473E+00
NpO2+ NpQ2+ 5.08519E-05 1.01191E-04 1.990 1.76B0BE-05 4 .55260E-05 1.22486E-01 -9 _95E-12
Qo3= CO3= 3.72979E-07 9.68710E~-09 2.5972E-02 1.29682E-07 3.33916E-07 2.00380E-02 ~1.22E-1C
H+ H+ 2.58813E-07 1.014BOE-06 3.921 8,99871E-08B 2.31707E-07 2.33537E-04 8.21E-11
NpO2C03- NpO2C03~ 1.33521E-07 2.43057E-07 1.819 4.64484E-08 1.19600E~07 3.83550E-02 =-1.23e-14
QH- CH~ 1.42123E~-08  7.72B03E-0%  0.543§6 4.9414%E-09  1.27238E-08 2.16397E-04 ~-B.04E-11
RpO2 (CO3 ) 2=~ NpO2 (C03) 2=~ 2.39201E-10  6,.19248E-15  2.5B8BE-05  §.31683E-11 2.14149E-10 B.331B0E-05  -1.14E-10
NpO20H {aq) NpO20H (ag) 3.01826E-10 3.01B26E-10 1.060 1.04942E-10 2.70215E-10 7.72962E=-05 3.40E-11
Np02 {CC3 ] Jmm— NpO2 (CO3) 3=== 1.8154DE-14 1.4369B8E-23 7.9155E-10 6.31198E~-15 1.62527E-14 7.29866E-09 -3.65E-07
NpO2 (OH) 2~ MNpO2 (OH} 2~ 3.76383E-16  1.12471E-16 0.2988 1.30B65E-16  3.36963E~16 1.02121E-10 -4.63E~-1l
Na3HI(CO3}12.2H20 Trona 0.00000E+00 1.00000E+00 1.000 0. 00000E+00 C¢.D000CE+0D 0, 00000E+00 =8.68E+00
Na2C03 .H20 Thermonatxite ¢ .00000E+DO 1.0C000E+QQ 1.000 . 00Q000E+00 0.00000E+0D0 0.0CDOCE-DD -7 .3i6E+D0
Na2C03 . 7H20____Na2C0O3-Heprahydrace 0.00000E+QD 1_COOCDE+QO 1.000 0 .C0000E+00 0.00000E+00 0.00000E+DD =6.B7E+00
Na2C03, 10H20 Natron 0.00000E-00 1.00000E+DD 1.000 0.C0C0DEXD0 0.00000E+00 0.00000E+00 -6.83E+00
NaHCO3 Rahcolite 0.00D00E+QQ 1.00000E+00 1.000 0.00000E+0D 0.0CU0DE+QD 0.00CDOE+COD -2.54E+00
NaCl Halite 0.00000E+00  1.0QBODE+QD 1.000 0.00DCDE+DY O, ODDCDDE+DC 0. 0ODDPE+DO -1 _23E-01
NaiNp02{(03)2{s)_DISABELED DISABLED 0Q,00000E~0D 1._0CO00E+QG 1.000 C.00000E+00 0.0000CE+DD 0. GOOGOE+DO0 -3.35E+02
NagH{ag)...... to.titrate, base only 0.00000E+DD 0.000GOE+QD 1.600 . 00000E+Q0 0.00000E+0D 0.00000E+00 =2_.9BE+02
Npl20H (amor ) NpO20H (amaz ) {.00000E+00D 1.00000E+00 1.000 0.C0000E+00 0.00000E+00 0.0C000E+DD -3.3%E+00
NpO20H {aged) NpO20H (aged) 0.00000E+0D 1.00000E+0D 1.060 0.00000E+00 0.C0000E+D0 0.00000E+CD -2.79E+00
HCLl{aq)....... te.ritrate.acid.only 0.0D0O0E~+0Q 0.00000E+00 1.000 0.0C000E+0D 0.0C000E+DD 0.00G00E+0D -2 . 45E+02
pr¥ = -log[miH+)] = 6.5870
pH = -logla(H+)]) £ 5.8936
Osmotic Coefficient= 1.241681
Equilibrium RH (%) =  77.803013
Ionit Strength (m) = 5_610081
Density, kg/m3 = 1188.83
NOTES: - Water "molality" is mole fraction H20 in aquecus phase

- Gas "molality® and "activity" are gas partial pressureés

- TDescriptox* means:
*dG/RT/1nl0 for species with nonzero concs. (convergence criterion}
*Saturation Index for minerals. SI=10gl0{(IAP/Ksp}
*loglfi{activity] for agqueous species with very small concentrations
*loglC(partial pressure) for gases
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"
Total G/RT= -4.63462770E+C3
Flashing Titration # 4
# inversions for batch pblm 14
1Benchmark TITRATE Problem. LOG10 option; Np(V)0O2 with CO3 in 5.61lmolal NaCl FMT V2.0
DATABASE: HMWB4/FWS6; Np(V)-Na-CO3-OH-C1-ClO4 (NRS4):
95.01.31 Am(IX1)-Na=-Cl-CO3-504-PO4 (FRSR8S,.FRFI90, P91, RFFRI2, RFF94, RRFF94)
Pressure= 1.00000E+00 [=} ATM Temperatures 2.98E+02 [=) Kelwvin
Elemental Abundances for Flash Problem
Total Moles AqQ. Molality Ag., Molarity Ag. mg/liter
3.880604T0E+01 1.,1101B357E~02 9.931915462E+01 1.00176739E+05 Rydrogen
3.66820273E+01 5.5511B409E+01 4.96981566E+01 7.95140687E+05 Oxygen
5.42646354E+00 5.61000C23E+00 5.02247206E+00 1.1546547BE+05 Sodium
C.0000C000E+00 0.00QC0000E+C0 0.00000000E+0C  O.000D0CCOE+DD Potassium
0.0000000CE+00 0.00000000E+CO 0.0000C000E+CC 0.00CODCCOE+0D0 Magmesium
C.00DOGOOCE+DD 0.000GC000E+QD 0.00C00000CE+00D 0.00COD000E+00 Calcium
1.95046284E+00 5.60883282E+0C 5.0214B063E+00 1.78026553E+05 Chlorine
©.0000CC00E-00 0.00000CC0E+0C 0.0000C000E+00 0.00CCO0000E+CD Sulfur
3.47598202E+00 1.05369370E-03 $.43341702E-04 1.133C4772E+01 Carbon
C.00000000E+00 0.0000000QCE+D0 ©.00000000E-00C 0.00CC0O000E+00 Poslcen
C.00C00000E-00 0.00000002CE+00C  0.00000000E+0C  0.000C0000E+00 Neglon
0.00000000E+00 C.0000000CE+00 0.00000000E+00 0.00000C00E+00 Aix
. 00000000E+00 0.00000000E-0D 0.00000000E+C0 0.00000000E+00 Boron
C.0GCOCDOCE+QD 0.00000000E+00 0 .C0000000E+00 0.00000000E+00 Bromine .
C.00000000E«00 0.00000000E-0C 0.00000000E+DC 0.000G00C0E+«00 TracerEl
0 .C000C000E+00 0.00000000E+00 0.00000000E+GC 0.00000000E+00 Th{IV)
0.00000000E+00 0.000C000CE+DD 0.00000000E+00 0.000C0000E+00 Am{III)
©.0G00C0000E+00 ©.C000000CE-QD 0.00000000E+00C 0.000C0000E+00 U(VI)
3.47561578E-00 5.04731450E-07 4.51871569E-07 1.07115342E-01 Np(V)
©.00000000E«00 0.00Q0CCO0E+CT 0.00000C00E+0C 0.00CC0000E+00 ClO4-{EL!
©.00000000E+CC 0.000000C0E+DO0 G .00000000E+00 0.00000000E+00 Phosphorus
0 .00000000E+00 0.0C000CCOE+OC ©.00000000E+00 0.00000000E+00 Electzen
-8.05334972E-16 -2.315879B83E-15 -2.07334069E-15 0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 461.756388121B16 grams
H20 MASS 347,744715353115 grams
ThS(g/kg) 327 .88B9016696973 g/ kgH20
Specified Soluticn Pensity
DENSITY 1188.82089442743 kg/m*3 = g/l
Sciution Parameters Based on Specified Density
SOLUTION VOL 0.3BB423849455858 liters
TDS 293 .54961838017% g/l
Density based cn TDS and NaCl solutions 1188.82089442743 g/1
Percent relative error vs HaCl density 0.00000000000CO0CE+Q00 %
TABLE OF CONCENTRATIONS FOR BATCE SYSTEM
Species Name Molality Activity Act Coef Total Mcles Molarity mg/liter Descriptor
0o WATER 8.318B57E-01  7.7805CE-01 0.9353 1.93029E+01 4.96953E+01  8.95271E+0S
NaNpO2CO03 (s} NaNpO2C03 (s) 9.99473E+00 1.00000E+00 1.000 3.47562E+00 8.94800E+00 3.15011E+06
Ras+ Na+ 5.61000E+00 5.29000E+00 0.9430 1.95085E+00 5.02247E+00 1.15465E+0%
€1~ cl- 5.60889E+00 5.28999E+00 0.9431 1.95046E+00 5.0214BE+00 1.78027E+05
HCO3~ HCO3- 9.92660E-04 3.67543E-04 0.3703 3.45192E-04 8.88700E-0C4 5.42259E+01
<03= CO3s 5.67888E-05 1.47494E-06 2.5972E-02 1.97480E-0% 5.0B414E-05 3.05095E+00
©oz{ag) CoZ(aq) 4.03745E-06 1.17227E~-05 2.903 1.40400E-06 3.61461E-06 1.59078E-01 -4 .23E-08
OH=~ OH~ 1.26397E-06 €.87170E-07 0.5437 £.395¢0E-07 1.13160E-06 1.92454E-02 -9.18E-08
NpO2Z+ NpOZ+ 3.34101E-07 6.64T03IE-07 1.9590 1.161B2E-07 2.99111E-07 8.04750E-02 1.79E-07
NpOZ2CO3~ RpO2C03- 1.33613E-07 2.43094E-07 1.819 4 .64631E-08 1.19620E-07 31.593616E-02 3.21E-13
NpOZ (CO3 ) 2=~ NpO2 {C03} 2=~ 3.64205E-08 9.43001E~13 2.5892E-05 1.26650E-08 3.26062E-08 1.26859E-02 -1.15e-07
H+ H+ 2.91065E-09 1.14100E-08 3.920 1.01216E-02 2.60582E-09 2.62641E-06 1.26E-07
NpO2 {C03)3==~ NpO2 (003} 3==— 4.20660E-10 3.33181E-19 7.9204E-10 1.46282E-10 3.76605E-10 1.69124E-04 ~-2.16E-07
NpO20H (aq) NpO20H(ag) 1.76339E-10 1.7633%E-10 1.000 6.13211E-11 1.57872E-10 4.51S98E-05 -2.06E-08
RpG2 {OH) 2~ . NpOZ (OH) 2- 1.95583E-14 5.B4438E-15 0.2988 §.8012BE-15 1.75100E-14 5.30660E-09 -1.50E-07
NalE{C0312.2H20 Trona 0.CO000E+CO 1.00000E+00 1.000 ©.0000OE+00 0.0C0000E+00 0.00000E+00 -6.27E+00
Na2C02 .K20, T rite 0.00000E+00 1.00000E+00 1.000 Q.00000E+D0 0.00000E+0C  0,00000E+00 ~4.9BE+00
Na2CC3.7F20___Na2C03- tahydrate C.CO000E+00 1.00000E+C0 1.000 0.00000E+00 0.0000CE+00 C.QCO00E+0Q0D -4.69E+00
Na2c03 .10H20 Natron C.CO0Q00E+DD 1.00000E+00 1.000 0.00000E+00 0.00000E-00 0.0CO00E+00 =4.65E+00
NaHCO3 Nahcolate 0.CO0000E+00 1.00000E+00 1.00¢ 0.0000DE+00 ©.00000E+D0 0.00000E«00 =2.31E+00
NaCl Halite C.C0000E~COD 1.00000E+00C 1.00C G.00000E+00 0.00000E+00 C.00000E+00 -1.23g-01
Na3Np02[(C03)2(s)_DISABLED DISABLED 0.00000E~CO 1.0C000E+0C 1.00¢C ¢.0CO00E+0C 0.00000E+00 G.00000E+00 -9.33E+02
NaOH{ag)...... to.titrate.base.only C.00000E+00 0.00000E+0C 1.000 0.C0000E«0D 0.C0000E+00 Q.00000E+00 =-2.96E+02
NpO20H (amor) NpO2Z0H (amor} C.C0000E+0OC 1.00000E+0C 1.000 0.0D000E+0D 0.000C0E+OC 0.0000CE«00 -3.62E+00
NpC20H (aged) NpO20H (aged] 0.CO0000E~-CO 1.0C000E+0C 1.000 0.CCODOE-QD 0.00000E+0C 0.00000E+00 =3.03E+00
BEl{aqg).....-. to.titrace_acid.only G .00000E~00 0.CO0Q0E+QQ 1.000 0.0D00QE-Q0 0.C00COE-OC 0.00000E+00 =2.47E+02
e = -logimiH+)] = B.5360
PHE = -logla(H+)) = 7.9427
Osmotic Coefficient= 1.241601
Equilibrium RH (%] = 77.805007
Ionic Strength (m} = 5.610057
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Density, kg/m3 = 1188.82

NOTES: - Water "molality- is mole fraction K2Q in agueous phase

= Gas "molality- and ‘activity" are gas partial pressures

~ "Descriptor® means:
*dG/RT/1nlC for species with nonzero concs. (convergence criterion)
*Caturatien Index for minerals, SIxlogl0(IAP/Ksp) '
*loglllactivity) for agueous species with very small concentrations
*loglO(partial pressure) for gases

Total G/RT= -4,683497%97E~03
Flashing Tizzation # 5
# inversions for batch pblm 16
iBenchmark TITRATE Problem, LOG10 option; Np(V}02 with CO3 in 5.6lmolal NaC) FMT V2.0
DATABASE: HMWE4/FWEG; Np(V)-Na-CO3-0B-C1l-ClC04 (NR94);
95.01.31 Am{IIT1)-Na-Cl-C03-504-PO4 (FRSREY, FRFS0, P91, RFFRIZ, RFFS94  RRFF94}
Pressures 1.00000E+00 {=] ATH Temperature= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
3.8614€B91E+01 1.1101B3B1E+02 9.53917155E+01 1.00176910E+05 Hydrogen
3.66868155E+01 5,55131961£+01 4.96994430E+01 7.95161268E+05 Oxygen
5.42690025E+00 5.51000158E+00 5.0224B8064E+00 1.154656758+05 Sodsum
0.000CC000E+D0 0._000G0000E«00 ©.000C0000E+00 0.000D00C0E+D0 Potassium
0.00000C00E+00 0.000G0O00E+CD ©.00000000E«00 C.0000000CE+Q0 Magnesium
0.0000C000E+D0 0.000CC000E+DD 0.00000000E+DO 0.00000000E+D0 Calcium
1.95058817E+00 5.5Q799916E+00 5.02068795E+00 1.77998450E+35 Chlorine ’
£.00000000E+0DD ©.0000000QE+00 J.00000000E+0C 0.00000C00E+00  Sulfur
3.47613771E+00 1.50108527E-03 1.34388050E-03 1.61413487E+01 Carbon
0.00000000E+0D 0.00000C00E+DD G.00000000E+D0 0.00000C00E+QOC PosIon
0.000CC00OE+00 0.00000000E+00 Q.00000000E+00 0.00000000E+0C Neglon
£.00000C00E+00 0.00000000E+CD 0.00060000E+00 0.D0CDJ0DOE+0D Air
©.00000000E+00 0.0000CQ0QE+DO 0.00000000E+00 0.00C0Q000E+DD Boron
0.0C000000E+00  0,000000GOE+B0  0.000000C0E+DC  0.COD00CUOE+00 Bromine
0.C0DOOOOCE+DD D, 0C000000E+00  C.00000000E+00  ©.0DDOOOOOE+00 Tracergl
0.CCODOO00E+DD 0.00000000E+D0 0.00000000E+00 0.000CDOO0E+D0 Th{IV)
0.CCOOC000E+QQ 0.00000000E~00 0.C0000000E+00 0.C0000000E+00 Am(III)
0.0C00000DE+00 0.0G0000C0E~CD 0.00000000E+0C 0.00000000E+00  V(VI}
3.4756157BE+00 5.1B420811E-07 4.64127943E-07 1.10020694E-01 RpiV)
0.0C000000E+DD 0.GCDOODOQE~OD 0.00000000E+00 0.00000CD0E+08 ClO4-(EL)
0.00000000E+0D ©.00000000E+00 0.000C0000E-DO 0.000C0000E+Q0 Phosphorus
0.0C0CCGO00E+QD 0.00000000E+00 0.00000000E+00 0.00000000E+Q0 Electron
~1.02828867E-15 ~2_95636061E-15 -2.64674862E-15 0.000G0000E«00 Charge

Solution Parameters, Calculated

SOLUTION MASS 461.86B0OS0BSELTS grams
H20 MASS 347.822478666651 grams
TDS {g/kg) 327.884450213538 g/kygE20

Specified solution Density
DENSITY 1188.51855435140 kg/m*3 = g/l

Solution Parameters Based on Specified Density

SOLUTION VoL 0.388510138208740 litexs
DS 293 545961799972 gl
Density based on TDS and Nall scolutiens 1188,.B81855435140 g/l

Percent Yelative errvor vs Nall density 0.¢0000000C000000E-D00 & I

TABLE OF CCNCENTRATICNS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles  Melaricy mg/liter Descriptor
H20 WATER 8.31862g-01 7.78067E-CGL G.9353 1.9307ZE+01 4.96954E+CL 8.95273E+05

NaNpG2C03 (s) e NANDO2C02 {5) 9.39250R+00 1.00C00E+00 1.000 3, 47562E+00 B.94E01E+R0 3.14941E+08

Na+ Na+ %.6100CE+CO §.28971E+00C 0.9429 1.95128E+0D 5.02248E+00 1.15466E+05

cl- Ci- 5.60800E+GOD 5.28B67E+0C 0.9431 1.95059E+00 5.02069E+00 1.7799BE+QS

HCO3 - HCC3- 1.00203g-03 3.73572E-04 0.3702 3.50963E-04 9.03356E-04 5.51202E+01

Co3= co3= 4.90717E-04 1.27445E-05% 2.5971E-02 1.70682E-04 4.39325E-04 2.63636E401

OH- OH- 1.07447g-05 5.84190E-06 0.5437 3.73726E-086 9.61946E-06 1.63601E-71 -4.5%E-CB
C0O2(aq) coz (agq) 4.82702E-07  1.40L53E-06 2.904 1.678958-07  4.32150E-07  1.90188E-02 -B.67E-08
NpO2 (C03) 2a- NpOZ{C03) 2=~ 3.14571g-07 B.148%9E=-12 2.58904E-05 1.094158-07 2.81627E-07 1.09571E-01 2.5%E-08
NpO2C03- MpO2C03- 1.33630E-07 2.43107E-07 1.81% 4.64794E-08 1.19635E-07 1.93666E-02 4.47E-12
NpOZ+ NpO2+ 2.B6BOTE-08  7.639314E-08 1.989 1.34540E-08  3.46298E-08  §.31704E-02 -2.13E~08
NpO2 (CO3 ) 3==- NpO2{CO3} 3=~ 1.13656£-08 2.48770E-17 7.9313E-10 1.09097E-08 2.80808E-08 1.26104E-02 4.49E-08
H+ H+ 2.42512g.20 1.34216E-09 1.919 1.19134E-10 3.06642E-10 3.09064E-07 ~2.55E-08
RpOZOR{ag) NpO2OH{ag) 1.73307g-10  1.73507E-10 1.000 6.03495E-11  1.55336E-10  4.44344E-0S 4.7DE-09
NpO2 (CH) 2~ NpOZ (OH) 2~ 1.63614E-13 4.88873E-14 9.2588 5_69CBSE-14 1.46479E-13 4.43921E-08B 2.99E-08
NalH(CO3)Z.2M20_. . Trona 0.000008+00  1.00000E+00 1.000 0.00000E+00  0.00G00E+00  0.00C00E+D0  -5.33E+00
Na2C03 .HZO Thermonatrite 0.00000E+00 1.00000E+0C 1.600 0. 00000E+D0 0.0000CE+00 D.0DCORE+RD -4 . 04E+Q0
Na2C03.TH20____Na2CO3-Heptahydrate 0.00000E«00  1.000GOE+00 1.000 0.00000E+00  O.00000E+00  0.0DDOOE+00  -3.75E+D0
MNa2C03.10H26 . WNatron ©.00000E+00  1.000C0E+DD 1.000 0.0C000%E+00  0,00000E+00  ©.00000E+00  -3.71E+00
NaHCO3 Nahcolite 0,00000E+00 1.00DC0DE+0D 1.000 0. CC000E«00 0.00000E+Q0Q ©.00Q00E+00 -2.30E+0C
NaCl Halite ©.00000E+00 1.00DCGOE+DO 1.600 0.DCDODE«DD C.0000DE+00 0.00000E+CD ~1.24E-01
NalNpO2 (C02)2 (s)_DISABLED DISABLED 0.00000E+DD 1.00000E+00 1.000 0.000D0DE+OD ©.Q000DE+00 0.0CGO000E+DC -5 .322E+02
NaCH{ag)...... co.titrate.base.only 0.00000E+00 0.,00000E+00 1.000 0. D0C00E+QD G, 00000E+Q0 Q.00000E+C0 -2 _95E+02
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NOTES: -

Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

- Water "molality* is mole fraction H20 in aqueous phase

- Gas "molaliry” and "activity" are gas partial pressures
= *Descriptor” means:

*dG/RT/1nl0 for species with nonzerc concs.

{convergence criterion)
*Saturation Index for minerals, SI=logll(IAP/Ksp)
*loglO{activity} for agueous species with very small concentrations
=logl0ipartial pressure! for gases

13 MpO20H (amoT) RpO20H (anox] 0.00000E+00  1.00000E-00  1.000 0.00000E-00  0.0000CE+BC  0.0C000E+00 -3 .63EeQ0
i NpO2CH(aged) . NpOZOHIaged) 5.00000E+00  1.000GCEAD0  1.000 ©.00000E-00  0.00C00E-00  ©.00000E+00  -3.03£-00
HCl(ag).......to.citrace acid.anly ©.00000E<00  0.00C00E+00  1.000 0.00000E+00  ©.00000E+0C  0.00000E+00  -2.4BE+02
e = -loglm(H+}] = 9.4653
pH = -loglailH+1] = 8.8722
Osmotic Coefficient= 1.241538
Equilibriun RH (3} =  77.806749
Ionic Strength (m} = 5.610454
Deasity, kg/m3 = 1188.82

Total G/RT= -4.6354B129E+C3
Flashing Titration # 6
# inversions for batch pblim 17
i1Benchmark TITRATE Problem, LOGl0 option; Np(V}02 with CCI in 5.61molal NaCll FMT V2.0
DATABARSE: HMWB4/FWB6; Npi(V)-Na-CO3-OH-C1-Cl0d (NR94):
$5.01.31  Am(III)-Na-Cl-CCO3-504-PC4A (FRSRBY9,FRF90, P91, RFFRS2, RFFY4,RRFF94)
Pressurér 1.000C0E+00 [=} ATM Temperature= 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Prcblem
3 Total Moles Ag. Molality Ag. Molarity Ay. mg/liter
-3 3.86270051E+01 1.11018410E+02 9.53919460E+01 1.00177142E+05 Hydrogen
7 3.66936381E+01  5.55151239E+01  4.9701Z721E+01  7.95190532E«Q5 Oxygen
5.42752260E+00 5.61000344E+00 5.02249276E+00 1.1546595)E+05 Sodium
0.00000000E+CD 0.00000000E+00 0.0000C000E+00 0.00000000E+00 Potassium
0.00000000E+Q0 0.00000000E+00 0.00000000E+CO 0.00000000E+00 Magnesium
4.00000000E+CO 0.000000C0E+0C  0.000Q0000E+QQ  C.OCOOCO00E+0D Calcium
1.85076678E+00 5.60672579E+00 5.01955836E+00 1.77958403E+05 Chlorine
0.00080000E+00 0.00000000E+00 0.C0C00CGORE«DD 0.060000C0E+00 Sulfur
1,47635958E+00  2.138B0634E-03  1.9148186BE-0) 2.29988871£+01 Carbon
0.0C00000QE+00 0.0000Q0000E~CR Q.0C0CDO00E+DD ©.ooD000CDE+O0  PosIon
0.00000000E~QC 0.00000090 00 o. Q0 ©.00000000E+QC Neglon
0.C00C0000E-00 0.C000C000E+DD ©0.00000000E+0Q0 0.000Q0000E+00 Air
0.00000000E=00 0.00000000E+0C  0.0000020QE+0¢  ©.0000Q000E+00 Boxen
G.Q0000000G0E~00 £.00000000E-00 ©.00000C0CE+DD 0.00000000E+00 Bromine
¢.00000000E-C0 0.00000000E+00 ©0.C0000000E-00 0.000Q0000E+00 TracerElL
0.00000000E+00  0.0000000CE+00  0.00000CC0E+OC  0.0000CC0CE+O0 ThiIV)
0.00000C00E+0C ©0.00000000E+00 0.0000G0C0E«CD C.CC0Q0000E+D0 Am{IIX)
0.00000000E~00  ©.COCODDDDE+DO  0.00000C00E+CO  0.00000000E+00 U(VI)
3.47561578E+00 1.02583551E-06 9.18404325E-C7 2.17705092E-01 Np (V)
0,00000000E+00 0.00000000E+Q0 0.00000000E4+00 0.00000000E+00 ClOd~(EL)
0.00900000E+00 ©0.00000CC0E+QD 0.00000000E+00 0.0000D000E+00 Phosphorus
©.0000CO00E-DD 0.00000000E+00 0.00C00C00E«DQ 0.00002000E+00 Electren
-9.45337050E-16 =-2.71700630E-1S -2.43246632E-15 0.00C00000E-00 Charge
Solution Parameters, Calculated
SOLUTION MASS 462.013014691340 grams
HZO MASS 347.933330580303 grams
TDS (g/kg} 327.877958698107 g/ kgH20
Specified Solution Density
DENSITY 1188.81524828657 kg/m~3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VOL 0.388633149984603 liters
RS 293,540795775029 g/l \
Density based on TDS and NaCl salutions 1188 81524828657 g/l . 2
Percent relative error vs NaCl density 0.0000000000GC000E+000 & s 1
TABLE OF CONCENTRATICNS FOR BATCH SYSTEM
Species Name Molality Activizy Act Coef Total Moles Molarity og/liter DeScTiptor
H20 WATER 8.31870E-01 7.780%2E-01 0.9354 1,93133E«01 4.96955E+01 B.95274E+05
NaNp02C03 {s) NaNp0O2€03 (s) 9.98931E+00  1.0000QE«00 1.000 3.47362E+00  8.94318E+00 3.14B41E+06
Na+ Nas $.61000E+00 5.28932E+00 0.9428 1.95191E+00 5.02249E+00  1.1S466E+0%5
Cl- Cl- 5.60873E+00 5.28679E+00 0.,9429 1.35077E+00 5.01956E+00 1.779SBE«05
co3= C03= 1.11398E-03 2.89293E-05 2.596%E-02 3.87521E-04 9.97318E-04 $.98482E+01
HCO3- BCO3- 1.02256E-03 3.78536E-04 0.3702 3.557B4E-04 9.15475E-04 5.58596E+01
OH- OH- 2.40684E-05 1.30873E-05 0.5438 8_37419E-06 2.15478E-QS 3.66470E-01 -4 .86E-0%
MaGZ(C03) 2=~ RpO2 (CO3 2=~ 7.13649E-07 1.84983E-11 2,.5921E-05 2_48302E-07 6.38912E-07 2.48578E-C1 9.95E-09
CO2{ag) coiaqgl 2.1832BE-07 6.33927e-07 2.904 7.59637E-08 1.95464E-07 8.60232E-03 -3.582-08
NpQ2C03 - NpQO2C03~ 1.33654E-07 2.43125E-07 1.81% 4.65026E-08 1.19657E-07 3.33738E~02 1.S6E-12
NpO2 {C03)3==~ Rp02 (003 ) 3==- 1.61312E-07 1.2B133E-16 7.594639E-10 5.61257E-08 1.44418BE~07 6.485462-02 1.37E-08
HpO2e NpQzZ+ 1.70434E-08 3.38938E-08 1.988 S.93207E-05% 1.52639E-08 4.10671E-03 -9.14E-09
H+ H+ 1.5297%E-10 5.99129e-10 1.916 5,32263E-11 1.36958E-10 1,3B804CE-07 -1.97E-08
NpC20H{aqg) NpO2OH (ag) 1.71243E-10 1.71249E-10 1.000 5.95833E-11 1.53315E-10 4.38564E~05 1.06E-08
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"
NpOZ (0H) 2- BpO2 (OH) 2- 3.61BO6E-13  1.0809SE-13 0.2988 1.25884E-13  3.23915E-13  9.B1l663E-08 3.03E-08
Na3H(CO212.2H20 Trona 0.00000E+00 1.00000E-0Q0 1.000 0.00CODE-00 ©0.C0000E+00 0.C00C0E+D0 -4.96E+00
Na2C03.H20 Thermonatrite 4.00000E+00 1.00C00E«Q0 1.000 0.C00G0E+00 0.00000E«00 C.C0000E+0Q -3.6BE«0Q
Na2003.7H20___ Na2C03-Heptahydrate 0.00000E+00  1.00C00E+Q0 1.000 0.00000E+D0  ©.00000E+00  0.00000E<00  -3.39E+00
Na2C03.10H2C Natron 0.0CCO0E+0OD 1.00C00E+00 1.000 C.00Q0CE+CD C.0C000E+0O 0.00000E-00 =3.36E+00
NaHeo3 Nahcolite 0.00000E-00 1.00000E+00 1.000 C.00000E«0D G.C000CE+DO 0.00000E+0C -2.30E+00
NaCl Halite 0.00000E+00  1.00000E+0C 1.000 0.D0COQE=0C  0.C0000E+00 ©.00000E+00  -1.24E-02
Na3NpO2(C03121{s)_DISRBLED DISABLED 0.00000E+00 1.00000E+00 1.000 0.0CCO0E+OC  0.000C0E-DO ©.00000E«DO -9 _32E-G2
NaOH(ag) ...... to.tizrate. base only 0.00000E+00 0.00D00E+0C 1.000 0.Q0000E-QC 0.00CCOE+00 0.00000E+00 -2 _95E+02
NpO20H (amoT) NpC20H {amor} 0.00000E+00 1.0000CE+CC 1.000 C.0C000E+0QC 0.000C0E«00 0 .00000E+0C ~-3.63E+00
NpO20H aged!) NpO20H (aged} 0.C00DOE«CO 1.00000E«0OD 1.000 0.Q00C00E-00 0.00800E+00 0.0C000E~00 =-1_04E-0C
HCliaq)........ to.titrate.acid.cnly 0.C0000E~00 0.000C0E+0C 1.000 0.00000E+0C 0.000C00E-Q0 0.0000CE+0Q0 -2.49E+02
prH 3 -loglmiH+}] = 9.8154¢
pH = -loglaiH«}] = 9.2225
Osmotic Coefficient= 1.241452
Equilibrium RH (%) = 77.805217
Ionic Strength (m) = 5.611121 =
Density. kg/m3 = 1188.82
NOTES: - Water *melality® is mole fraction H20 in aguecus phase
- Gas *molality” and -activity® are gas partial pressures
-~ "Descriptor” means:
*dG/RT/1n10 for species with nonzero concs. (convergence criterion)
*Saturation Index for minerals, SI=zloglO{IAP/Ksp)
*loglOiactivity) for agueous species with very small concentrations
*loglC{part:ial pressure] for gases
Total G/RT= ~4.63619544E+02
* Flashing Titration #
¥ inversions fer batch pblm 17
1Benchmark TITRATE Problem, LOGID option: Np(VI02 with €03 in S.6lmolal NaCl FMT V2.0
DATABASE: HMWB4/FWBS. Np(V)-Na-CO3-OH-Cl-ClO4 (NRS4};
95.01.31 Am(III)-Na-Cl-CO3-5S04-P0O4 (FRSRE9,FRF90,P91,RFFRY2, RFF34, RRFFI4)
Pressure= 1.00000E+00 [=] ATM Texperatures 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality AgQ. Molarity Ag. mg/liter
3.86445565E-01 1.11018446E+02 9.93922712E+01 1.00177470E+05 Eydrogen
3.67033634E+01  S5.5517BE92E+01  4.57038762E+01  7.95232197E+05 Oxygen '
5.42B40953E+00 5.61000623E+00C 5.02251004E+00 1.15466351E+05 Sodium
0.00000000E+00 0.00000CDOOE+QD 0.00000000E+00  Q.00000000E+DQ Potassium
(.00000000E+00 0.00000C00E+DO 0.00000000E+00 0,00000000E+00 Magnesium
0.00000000E«DD 4.0000CRROE+DD 0.00000000E+00 0.00000000E+00 Calcium
1.95102131E+00 5.60491242E+00 5.01794966E+00 1.77901369E+05 Chlorine
0.0000C000E+00  0.00000CCOE+00  0.00000000E«00  0.00000000E+00 Sulfur
3.47667578E«D0 3.04711826E-03 2.72801516E-03 3.27661900E+01 Carbon
©.00C00C00E+DC 0.000C0000E+00 ©.00000000E«00 0.00000CO0E+00 PosIon
©.00000000E+00  ©.0DODDDUDE+DO  ©.00000000E+00  0.000000QCE+C0 Neglon
0.00000000E+00 0.00000000E+00  §.0000C000E+0C  0.00000000E+00 Air
0.00000000E+00 ©.0C0000C0E-O0C  ©.00000000E+0C 0.00000000E+00 Boron .
©.00000000E+00  0.0C0000C0E+00  C.000000DOE+0C  0.00000000E+00 Bromine AT
©.00000000E-00 0.00C000C00E-00 0.0C000000E+00 0.00000000E+C0 TracerEl &
©.00000000E+00 0.00C00000E+C0 ©.00000000E+0C 0.00000000E+00 Th(IV) £ =
0.00000000E-00 0.C000C000E-00 0.00000000E+00 0.00000000E+00 Am{III} IR
0.00000000E+00  0.00000000E+00  0.00000600E+00  ©.00000000E+00 U(VI) h
3.47561578E+00 1.94421849E-056 1.74061427E-06 4.1250948CE-01 Np(V)
0.00000000E+00 0.00000000E+00 ©.Q0C000000E+D0 0.000000008+00 Cl04-{EL)
0.000000C0E~CO 0.0C0000C0E-OD 0.CQ00C0000E+OC 0.00000000E+«00 Phosphorus
0.00000000E«00 ©.00000CGOE-D0 0.00000000E+00 0.00000000E+00 Electron
-1.067792398-15 -3.06756405E-15 -Z.74631980E-15 0.00000000E+00 = Charge
Solution Parameters, Calculated
SOLUTION MASS 462.219612785916 grams
H20 MASS 348.091311120335 grams
TDS(g/kg) 327.868860898172 g/kgH20
Specified Solutien Densicty
DENSITY 1188.81056561769 kg/m*3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VOL C.3888084566339423 lirers
TS 293.533478681879 g/l
Density based on TDS and NaCl sclutions 1188.8105656176% g/l
Percent relative error vs NaCl density ©0.000000000000000E«C00 %
‘TAHLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Actavity Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER 8.31881E-01 7.78127E-01 0.9354 1.932Z1E+01 4.96357E+01 B8 8$5277E+05
NaNp0O2C03 (s) NaNpO2C03(s) 9.98478E+00  1.00000E+00 1.000 3.47562E+00  B.935%14E+00 3 14699E+06
Na~ Na+ 5.61001E+00 5.28876E+00 0.9427 1.95279E+Q0 5.02251E+00 1 15466E+05
Cl- Cl- 5.60481E+00 5.28411E+00 0.9428 1.95102E+00 5.01795E«00 1 T7901E+05
Co3= «03= 2.00201E-03 5.19857E-05 2.5967E-02 6.96883E-04 1.79236E-03 1 07558E+02
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Appendix N: Sample Output File “Np_NaC!_BM_LOG.OUT”
- meo3- HCO3- 1.04073E-03  3.85192E-0¢ 0.3701 3.62268E-04  9.31738E-04  5.68519E+01
OH- OH- 4.249BBE-0S 2.31125E-05 0.5&38 1.47935E-05 3.80482E-05 6.47098E-01 -6.18E-08
NpO2(CO3 | 2=~ RpO2 (CO3 ) 2=~ 1.28137E-06 3.32447E-11  2.594%E-0S 4.460328-07 1.14718E-06 4.46327E-01 4.81E-08
. NpO2(C03)3==- ®pO2 (CO3)3==- 5.19502E-07 4,13999E-16  7.9692E-10 1.50834E~07 4.€65098E-07 2.08664E-01 1.06E-07
C02(aq) Co2(aq) 1.25799E-07  1.65269E-07 2.904 4.37B94E~08  1.1262SE-07  4.956S9E-03 -3 .39E-07
NpO20C03- NpO2C03 - 1.33688e-07 2.43151E-07 1.819 4.65356E-08 1.19688E-07 3.93840E-02 1.10E-12
: NpO2e Rpl2+ 9.49498E-09 1.88634E-08 1.987 3.30512E-09 8.50064E-09 2.28707E-03 -4.03E-08
: He H+ 8.66954E-11 3.39269E-10 3.913 3.01779E-11 7.76164E-11 7.82296E-08 -1.47E-07
NpO20H{ag!) NpO20H {ag) 1.68316E-10 1.6811£E-10 1.000 5.85852E-11  1.S0689E-10 4.31052E-0% 1.04E-07
RpC2 (OH) 2~ NpC2 {OH) 2= 6.26105E-13 1.87627E-13 0.2987 2.1B63BE-13 5.62328E-13 ~.70420E-07 2.44E-Q?
NalH(CD3)2.2H20, Trona ©.0C000E-00  1.000C0E+00 1.000 0.00000E+00  0.00000E+00  0.00000E<00 -4.70E«0Q
Na2C03. H20, Thermcnatrite C.CO0000E«D0 1.00000E+00 1.000 0 .D0COCE+DD C¢.00000E+00 0.00000E~DC -3.43E-00
Na2003 . TH20, Na2C03-Heptahydrate 0.C0000E+00 1.00000E+00 1.000 0 .GOCSCE+D0 0.0CC00E=00 0.C0COCE+00 -3.14E+00
Na2003 . 10K20 Watron ©.00000E+00  1.00000E+00  1.000 0.00000E+0C  ©0.00000E+0C  0.00000E+00  -3.10E-00
NaHCO3 Nahcolite C.00000E+0C  1.0000CE+0C  1.000 0.000C0E+C0  0.DOD00E+O0  ©0.0D000E<00  -2.29E+00
Nacl Halite C.00000E+0C  1.0COQ0E+0C 1.00c C.QDCCOE-QC  C.00000E+0C  0.00000E+00 -1.24E-01
Na3Np0O2 (CO3) 2 (s)_DISABLED DISARLED 0.00D00E+UC  1.00D00E+CO 1.000 C.COCOOE-QC  C.OCOQ0E+00  0.00000E-00 -5.31E+02
NaOH{ag)...... to.titrate.base. only C.CO0DOE+0C  O.CCOODE+0O 1.000 0.00000E«O0  0.00000E+DC  0.00000E+00  -2.S54E+02
NOO20K (amart MO0 (amar ) 0.000068+40  1.00000E«00 1.000 G.CDDOOE+CD  0.0DDOOE«DO  ©0.0DDDDE+00 -2 .64E+D0
NpO20H (aged] Cs (aged] 0.00000E+0C0  1.00000E+00 1.00C 0.00GQOE+00  0.D0CQ0E+00  0.00000E«00 -3.0SE-00
HCl(aQ)...... ,to.titrate.acid.caly C.00000E+00  0.0C0D0E+00 1.000 C.00000E+00  0.00000E«00  ©0.00000E+00  -2.49E+02
poH = -logm(H+l] = 10.0620
pH = -logla(H«)) - 9.4€%5
Osmotic Coefficients 1.241325
Equilibrium RH (%) = 77.812731
Ionic Screngrh (m) = 5.612017
Density. kg/m3 = 1188.81 .
NOTES: - wWater *molalify” is mole fraction H20 in agueous phase
- Gas ‘molality” and “"activity* are gas partial pressures
- "DesCriptcr” means:
=4G/RT/1nl0 for species with nonzero concs. (convergence criterion)

*saguration Index for minerals, SI=loglO(IAP/Ksp)
*loglllactiviey! for aquegus species with very small concentrations
*loglC(partial pressure) for gases

Total G/RT=

~4.63721298E+03

Flashing Titration # 8
¥ inversions for batch pblm

Percent relative error vs NaCl densicy

23

0.000000000000C00E+CCO %

1Benchmark TITRATE Problem, LOGLC option; Np(VIO2 with €03 in 5.61molal NaCl  FMT VZ.0
DATABASE: HMWA4/FWEE; Np(V]-Na-CO3-OH~CL-C1l04 (NR94):
85.01.31  Am({IXIX)-Na-C1-CO3-504-PO4 (FRSR89,FRFI0, P91, RFFRI2,RFF94,RRFF94}
Pressure= 1.000002+00 [=] AT™ Temperatures= 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Holarity Ag. mg/liter
3.86695692E+01 1.11018496E+02 5.93927291E+01 1.00177932E+05 Hydrogen
3.67172215E+01 5.55217773E+01 4.97075822E-01 7.95291491E+05 Oxygen
5.42967348E+00 5.61001045E+00 5.02253469E+00 1.15466917E+0S Sodium
0.00000000E+00 0.000000Q0E+00  O.0COOCOQ0OE+00 0.00000000E+00 Potassium
0.C0000000E-CO 0.COCCOQQ0E+00 ©.00000000E+00 0.00000000E+00 Magmesium
0.00000C00E+00  0.C {+]c] c. JOOE+00 0.00000C00E+D0 Calcium
1.95138405E+00 5.60233091E+00 5.01565935E+00 1.77820171E+05 Chlorine
0.00000000E-00 0.000000C0E~00 ©.0000Q000E+00 0.0000C000E+Q0 Sulfur
3.47712639E+00  4.340485S8E-03 3.BB595344E-03 4.66741868E+01 Carbon
0.00000000E+0C  O.C co 0. J0E+Q0  0.00000000E+CC Poslon
©0.00000000E+00 0. OE+C0 0. +00 0.00000000E+00 NegIon
" 0.0000000CE+00 0.C0000000E+CQ ©.00000000E+00 ©.00000000E+00 Air
©.0C000000E-OC  0.00000CDDE+0Q 0.00000000E+00 0.00000000E+C0 Boron
©.00000000E+00 0.000060000E+00 C.0C000000E+00 0.00000000E+00 Bromine
0.00000000E«00 C.00000000E+00 0.0C000000E+00 0.00000000E+00 Tracer:l
0.00000000E+00 0 .0000C000E+CD G.000000C0E+00 0.00000000E+00 Th{IV)
0.00000000E+00 0.00D00000E+00 0.0000C000E~00 0.00000000E+00 Am(III}
0.00000000E+00  0.CO0000CGOE+OC  0.0000CO00CE+00  0.00C00000E<00 U{VI)
3.47561578E+00C 3.60501967E-06 3.22750493E-06 7.65074233E-01 Np(V)
0.00000000E+00 C.00000000E+00 0.00000000E+00 C.00000000E+00 cClC4-(EL)
0 .0CDO000CE+0D 0.00000000E+00 ©.CO0DCOO0E+00 0.COOD00CODE+00 FPhosphorus
0.0000000CE«00 0.C0000000E+00  C.ODOQ0000E+00 0.0CO00COOCE+00 Electron
-4.02027671E-16 -1.15420235E-15 -1.03333521E-1% 0.00000000E+00 Charge
Solution Paramerers, Calculated
SOLUTION MASS £62.514079623513 grams
H20 MASS 348.31645643B668 grams
TDS (g/kg) 327.855951316366 g/kgH20
Specified Solution Density
DENSITY 1188.80395005085 kg/m~3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VOL 0.389058330100273 liters
DS 293.523341261063 g/
Density based on TPS and NaCl sclutions 118B.8039500508% g/1 .
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Appendix N: Sample Output File “Np_NaCI_BM_LOG.OUT"
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name #Holalisy Activity hct Coet Total Moles  Molarity mg/liter Descripter
20 WATER §.318978-01 7.78177E-01 0.9354 1.9334€E+01  4.96959E+01  8.95281E+05
NaNp02CO03 is) NaNpO2C03 (s} $.97832+00  1.0D00C0E+00 1.000 3.47561E+00  B.923340E+00  3.24457E-06
Na< Na+ 5.61001E+00 S.2B798E-D0 0.9426 1.95406E+00  5.02253E+00 1.15467E+05
Cl- Cl- 5.60233E+00 5.28C2BE+D0 0.9425 1.9513BE+0C 5.01566E+00 1.77820E-05
CO3= Co3= 3.26656E-03 8.48095E-05 2.5963E-02 1.13780E-03 2.92449E-03 1.75496E+02
HCO3- HCO3- 1.06541E-03 3.94227E-04 ©.3700 3.71098E-04 9.53837E-04 S.B2004E+01
OH~- OH- £.77337g-05 3.6B439E-05 0.5440 2,35928E-05 6.06407E-0% 1.03133E-00 -3.65E-10
NpG2(C0o312=- RpC2{C03)2=- 2.08796E-06 5.42434E-11  2.5979E-05 7.27272E-07 1.86931E-06 7.27286E-01 2.37E-09
NpC2(C03)3s=- WpO2Z(CO3) 3==- 1.37733e-06 1.10201E-15 §.00iIE-10 §.79745E-07 1.23308E-06 S.53751E-O01 4 _SEE-D9
Co2iaq) CO2 laqg} 8.G7635E-08  2.34511E-07 2.904 2.81313E-08 7.23060E-08 3.18217E-03 ~1.78E~08
NpOZCO3- NpO2C03- 1.33737e~-07 2.43187E-07 1.818 4.€5827E-08  1.19732E-07 3.939B6E-02 1.23E-12
NpO2+ NpOzZe 5.82643E-09  1.15644E-08 1.985 2.02944E-09 5.21629E-09 1.40343E-03  -2.34E-0%
He He 5.44489e-11 2.12840E-10 3.909 1_B9655E-11 4.87471E-11 €.91322e-08 -9_8BE-09
NpO20H {aq! NpC20M(aqg) 1.64492E-10 1.64493E-10 1.000 5.72955E-11 1.47267E-10 4.21264E-05 7.54E-0%
WpO2 (oK) 2- HpOZ (O 2- 9.787¢3E-13  2.32306E-13 ©.29%87 3.40912=-13  §.762S0E-13  2.65358E-07 1.74E-08
NalH{C0312.2H20, Trona ©.00000E+00 1.00000E+00 1.000 ©.00000E<DC 0.00000E+00 C.00000E«00 -4 .48E-00
Na2C03 .H20. Thermonatrite 0.00000E+00  1.00000E+00 1.000 0.000C0E<00 0.00000E<00 0.00000E+00 -3.22E-00
Na2C03 .7H20____Na2CO3-Reptahydrate 0.C0000E+00  1.00000E+00 1.000 0.0GD0OE+CC  0.0CDOCE+DO  0.00000E+00  ~2.93E+00
Na2003.10HzO___ 2 Natron 0.00000E+00 1.C0C00E+C0 1.000 ©.00000E+CD C.00000E+CO 0.00000E+00 -2.89E+00
NaHCO3_____ ~ Nahcolite 0.000008+00  1.00CO0E+C0O 1.000 ©0.COC00E+00 0©0.00000E+00 0.00000E-00 ~2.28E+00
Nacl Halire ©.00000E~0C 1.0000C0E+00 1.c00 0.00C0CE«00 0.00000E=CO 0.00000E+00 -1.24E-01
5 Na3Np02(C03)2!s)_DISABLED DISABLED 0.00000E+CO 1.00000E+C0 1.000 0.00C00E«0Q 0.00C00E~D0 0.00C00E+D0 -9.31E+02
NaOH{ag)......To.titrate base_ only 0.00000E+00  O.0000DE+00 1.000 ©.00000E+00  0.00000E+D0  0.00D00E+00  ~2.94E+02
NpO20H ( amor ) NpO2CH (amox] 0.C0000E+00  1.00000E+00 1.000 0.DCOOOE+C0  0.0CDOOE+D0  0.0000CE+D0  -3.65E-00
NpO20H (aged) —_____NpO20H{aged) 0.00000E+00 1.00000E+00 1.000 0.0C0C0E+CD C.0C000E+00 ©0.0000DE+D0 -3.06E+00
HCl(aqQ}).......to.titrate.acid.enly 0.00000E+00 0.C000CE+00 1.000 0.C00C0E+0D 0.0C000E+0D 0.00000DE+DO -2.49E+02
poH = -log(m{H+)] = 10,2640
pH = -log[aiH+l) = 9.6719
Osmotic Coefficient= 1.241147
Equilibrium RH (%) = 77.8177313
Ionic Strength (m) = 5.613297
Density, kg/m3 = 1188.80
NOTES: - Water *"melality" is mele fraction H20 in agueous phase
~ Gas ‘molality" and "activity*® are gas partial pressures
- *Dascriptor" means:
*dG/RT/1nl0d for species with nonzero ¢oncs. (convergence criterion)

vsaturacion Index for minerals, 5I=loglC(IAP/Xsp)
*logl0(activity! for aguecus species with very small concentrations
*10gl0(partial pressurs} for gases

Total G/RT=

-4 .638656284E+03

> Flashing Titration # g
# inversions for batch pblm

%%
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;,'32 1Benchmark TITRATE Problem, LOGLC option; Np(V)02 with CO2 in 5.6lmolal NaCl

DATABASE: HMWB4/FWB6; Npi{V}-Na-CO3-OH-C1l-ClO4 (MR94):

95.01.31
Pressures

Elemental Abundances for Flash Problem

Total Moles

3.87052148E+01
3.67369708E+01
5.43147475E+00
0.000000C0E-0C0
0.00000000E+C0
0.00000000E+-00
1.55190099E+00
C.00000000E+00
477768558+00
.0000C000E~T0
-00000000E+00
.00C00000E=0CD
00000000E+00
.00000000E+CO
.00000000E~00
.00000000E+0C

0.00000000E~00

0.00000000E+00

3.47561578E+00

0.C000C0DCE+DD

0.00000C0CE+00

©0.00000000E+Q0
-1.1308711SE-15

cCooooo0oW

Ag. Mclality

.11018564E+02
.55273411E+01
-61001836E+00
.00000000E+00
.000Q0C00E+00
.0000C000E+CO
.598657S9E+00
. G00Q0000E+D0
-18147537E~02
-00D0OCODIE~+QD
.0000C000E+00
-GOQ0J000E+00
0.C0000000E-00
0.CD000300E+DO
0.0CC0000G0E+CD
0.00000000E~00
0.000Q0C000E~D0
0.0000C000E+00
6.6634923BE-06
0.0000CO0CE+S0
0.0000C000E«00
0.00C0C000E+CD
~-3.2436892BE-15

OOOMOWLOEOW!mWnM

Solution Parameters, Calculated

SOLUTION MASS
H20 MASS
TDS (g/kg)

Ag. Molarity

$.33833709E+01
4.97128537E+01
5.02256930E«00
0.C0C00000ES00
0.00000000E~0D
©.C0000000E~00
5.01240002E+00
©.000C0000E+00
5.53418864E-03
C.00C000CDE+DD
©.000C00C0OE+00
0.00000000E+00C
©.00000000E+00C
2.0000Q000E+00
©.CC00CO0CE+0OD
0.0C000000E+00D
©.C00000000E00
0.00000000E+0D
5.96573175E-06
0.00000000E+00
©.00000000E~00
©.00000000E~D0
-2.30402975E-15

Temperature=

462.93381044695%0
348.637323019311
327.83778408B4031

Specified solution Density

DENSITY

1188.7946400B680

grams
grams
@/ kgH20

2.98E+02

Ag. mg/liter

1.00178579E+05
7.95375832E+05
1.15467727E+05
¢.00000000E+00
0.00000000E+0C
€.00000000E+00
1.7770461BE+05
0.00000C00E+00
6.64711398E+01
0.0000000CE+00
©.C0000000E+00
0.C00C0000E+CO
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.C00D00000E+00
0.000C0000E+00
0.000C0000E+00
1.41416597E+00
0.00000000E+00
0.000000C0E+00
©.00000000E+00
0.00000000E+Q0

kg/m*3 = g/l

An(III)-Na-Cl-CO3-504-PO4 (FRSRES, FRFS0,PI1,RFFR92,RFF94 RRFF4)
1.0CC0CE+CO [=] AT™

[=] Kelvin

TracerEl
Th{IV)
An{III]
vV -
Np (V)
Clo4-{EL)
Phosphorus
Electron
Charge

FMT V2.0
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pmH = -log[miH+) ]

pH = =logla{H+}]

Osmotic Coefficients
Equilibrium RH (%}
lonic Strength (m)

Density, Xkg/m3

NOTES:

= 9.8493
1.240853
= 77 .824850
= 5.615128
= 1188.79

1C.4406

- Water "molality” is mole fractiom H20 in aqueous phasge

- Gas "molality" and "activity® are gas partial pressures
- *Descriptor® means:

*dG/RT/1nl0 for species with nonzero cones.
*Saturation Index for minerals,

{convergence criterion)

S5I=1loglC(IAP/Ksp)

“logliQiactivity) for agueous species with very small concentrations
*loglC{partial pressure] for gases

Total G/RT=

-4.64072873E+03
> Flashing Titration # io0

# inversions for batch pblm

1Benchmark TITRATE Problem, LOG10 option: Np(V}O2 with CO3 in 5.€lmolal NaCl
HMWB4/FWB6: Np(Vi-Na-CO3-CH-C1-Cl04 (NR34):
Am{IIT)-Na-Cl1-CO3-S04-PO4 (FRSR8S,FRFS0, P91, RFFRS2, RFF94, RRFF94}
1.0C000E+00 {=)} ATM

DATABASE:
95.01.31
Pressure=

22

Elemental Abundances for Flash Problem

Total Mcles

3.87S60135E+01
3.67651156E+01
5.43404174E+00
0.00000000E+C0Q
0.0C000000E+0C
0.000C00C0E+00
1.95263769E+00
0.00000000E«00
3.47868370E+00
0.00000000E+00
0.00000000E=00
0.00000000E~00
0.000000C0E~CO
0.00000CC0E~-00
C.0000000CE+0D0D
0.00000000E+00
0.0000C000E+D0
0.00000000E+00
3.47561578E~0D
0.000000C0E+CC
0.0000000CE+0C
0.00000000E0D
-6.72313767E~16

Ag. Molality

1.11018653E+02
5.55352555E+01
5.61002728E+00
0.CGC0000C0E-OD
0.0C000000E~CO
0.00000000E-00
5.5934340BE+00
0.0000000CE+00
8.8C08C112E-C3
0.00DODCCOE+CO
0 .0000GCCOE-00
0.C000000CE+CO
0.00C000CCE-D0
0.C000000CE+D0
0.C0C000000E~00
0.0CC00000E+00
0.00Q00CG00E+DD
0.00000000E+QC
1.23872216E-05
0.00000000E+CD
0.00C0000CE-00
0.0000000GE+00
-1,92587840E-15

Ag. Molarity

9.93942650E+01
4.97203463E+01
5.02262026E+00
0.00000C00E+CD
0.00000000E+00
0.C0000000E+00
5.00776448E+00
©.00000000E-DC
7.87911990E-03
0.00000000E+00
0.00000000E+00
0.C0000C00E+00
©.C0000C00E+C0
.0000C000E+00
.DOQDDDCCE+00
.00C0000OE+0C
.0000000DE~D0
00D0O000E-00
10901574E-05
00000000E+0C
00QDOOGOE+00
D0OODOOOE+0D
.72422617E-15

HOOOKOOOOOD

Terparatures

2.98E+02

Ag. mg/liter

1.001794B80E+05
7.95495709E+05
1.15468885E+05
C.00000000E+00
0.00000000E+0D
0.00000000E+00
1.77540274E+05
©.00000000E+00
5.46361091E~01
0.00000000E+00
0.C0000000E+D00
0.0000000DE+QD
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00Q
0.00C00000E+00
0.00000000E+00
2.62891134E+00
0.00000C00E+00
0.CCC0D000DE~DO
0.0C000000E+D0
©.00000000E+00

[=] Kelvwin

TracerEl
Th{IV}
Am(TII}
UvI}

Np (V}
Clo4-(EL)
Phosphorus
Electron
Charge

FMT V2.0
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Solurion Parameters Based on Specified Density

SCLUTION VOL  0.189414449591688 liters
08 293.508593601134 9/1

Density based on TDS and NaCl solutions 1188.79464008680 9/

Percent relative error vs NaCl density ©.0000000000C0000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Mclalicy Activity Act Coef Total Moles  pmelarity mg/licer Dascriptor
K20 WATER B.31919E-01  7.78249E-01 0.9355 1.93524E+01 4.96961E<01  8.95286E-05
RaNp02c0] (s!) NaNpO2C03 (s} 9.96914E-00 1.00000E+00 1.000 3.47361=-00 £.92523E+00 3 .142Q9E~06
Na« Nae 5.61002E+00 5.28690E<00 ©0.9424 1.95586E+00 5.02257E«0C  1.15468E-05
cl- c1- 5.59866E+00  S5.27483E+00 0.9422 1.95190E+00 5.01240E-0C  1.77705E+05
o3 CO3= 5.06627E-03  1.31507E-04 2.5957E-02 1.76629E-03 4.535S76E-03  2.72187E+02
HCO3~ HCO3- 1.09867E-03 4.063B9E-04 0.3699 3.83037E-04 9.83623E-04 6.00178E+01
oH- CH- 1.01865E-04 5.54263E-05 0.5441 3.S5141E-05  9.11987E-05 1 .55104E-00 -1.77E-10
NpO2 (CO3 ) 2%~ NpO2 {CO3) 2=~ 3.23222E-06 8.41283E-11 2.6028E-05 1.12687E-06 2.89376E-06 1.12586E+00 8.12E-10
NpO2 (€03 ) 3==~ NpO2 (C03 ) 3==- 3.29354E-06 2.65024E-15  B.046BE-10  1.14825E-06 2.94B66E-06 1.32417E+QD 1.75E-03
CO2 (ag}h Co2{ag}t 5.5340SE-08  1.60697E-07 2.90¢ 1.92938E-08 ¢.95456E-08  2.18049E-03  -9,24E-03
NpO2001- NpC2C03- 1.33806E-07 2.43236E-07 1.818 4.66498E-08 1,19795E-07 J.94192E-02 5.06E-13
NpO2e Rpo2+ 3.76324E-09  7.45944E-03 1.982 1.31200E-09  3,36917E-09 9 .06466E-04 -7 SBE-10
He+ H+ 3.62550E-11 1.41496E-10 3.903 1.26398E-11  3,24586E-11  3.27150E-D8 -4 .SSE-09
NDO20H (ag! NpO20H (ag) 1.59617E-10  1.59617E-10 1.000 5.56486E-11  1,4290JE-10 4.08781E-05 4.15E-0%
NpO2 (OH) 2~ NpO2 (OH}Z- 1.42919E-12  4.26699E-13  0.2986 4.98268E-13  1,27953E-12 3.87777E-07 9_11E-0%
Na3H(C03)2.2H20 Trxona 0.0C000E+00 1.00000E+00 1.000 0.00COCE+00 0, 00000E+00  0©.00000E+QQ -4 . 28E-QQ
Na2C03 .H20, Thermonatrite 0.00000E+0C  1.00000E+00 1.000 0.00000E+C0  0.0COC0E+0C  0.CCCODE«D0 -3 .0IE+DD
Na2C03 .7H20____Na2CO3-Heptahydrate ©.00C00E+00  1.000D0E+00 1.000 0.00000E+CO  0.000C0E«00  0.00000E+00  -2.74E+00
Na2C03 . 10H20 Natren C.00000E+C0 1.0000CE+00 1.000 0.00000E+00 0.00000E+00 0.00000E+00C -2.70E+00
NaHCO3 Nahcclite 0.0DCCOE+00 1.0000CE+00 1.000 0.00000E+C0 0.00000E+00 0.00000E+00 -2.28E+00
NaCl, Halite C.00000E+00 1.00000E+00 1,000 0.09000E+00 0.00000E+0Q0 0.00000E+00 -1.25E-01
NalNp0O2(C03)2(s)_DISABLED DISABLED 0.0CD00E+00  1.00000E+00 1.000 0.00000E+0C  0.00000E+00  0.00000E+00  -9.31E+D2
NaOH{ag}...... to.titrate.base.only 0.0C0000E+00 0.00000E+00 1.000 0.00000E+D0D C.00000E+00 0.00000E=00 -2.94E=02
NpO20H (amor } NpO20H (amaz} 0.00000E«00  1.00000E+00 1.000 0.000QOE+0C  ©.00000E+00  0.00000E+00  ~3.66E+00
NpOROH (aged) NpO20H (aged) 0.00000E+00  1.00000E+00 1.000 0.000CDE+0C  0.0D0D0E+00  0.0D00OE+00 -3, 07E+00
HCl{ag).......to.titrate. acid.only 0.00000E+00 0.C000DE+0D 1.c00 2.C00G0E«OC 0.00000E+00 0.00000E+00 -2.49E+02
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
Solution Parameters, Calculated
SOLUTION MASS $63.532138924454 grams
HZ0 MASS 349 .034609954685 grams
TDS (g/kg) 327.812362923952 g/kgHZ0
Specified Solution Densicy
DENSITY 1188.78161259327 xg/m~3 = g/1
Sclution Parameters Based on Specified Density
SOLUTION VOL 0.389922025424127 liters
™8 293.485236965687 g/l
Density based on TDS and NaCl solutiocns 1188.78161259327 g/l
Percent relative error vs NaCl density 0.000000000000000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER 8.31951E-01 7.783S0E-01 0.9356 1.93778E+Q1 4.96966E+01 £.95293E+05
NaNpO2C03 (s) NaNpO2CC3is) 9.95607E-00 1.00000E+00 1l.000 3.47561E+00 8.91361E+00 Z.13800E+06
Na+ Nas 5.61003E+00 5.2B539E+00 0.9421 1.95843E~D0 5.02262E+00 J.1546€3E+05
cl- €1- 5.59343E+00 5.26704E+00 0.341¢ 1.95264E+00 5.00776E+D0 1.77540E+05
003= €ol= 7.62562E-03 1.57880E-04 2.5948E-02 2.66206E-03 6.82717E-03 4 .09693E+02
HCO3- ECC3- 1.14281E-03 4.22533E-04 0.385%7 3.98983E-04 1.02324E-03 € .24350E+01
OH- QH- 1.47379E-04 8.02242E-05 0.5443 S.24493E~-0% 1.3194BE-04 i .2440BE+00 -2.23E-08
NpO2(C03 1 2=- NpO2 (CO312=- 4.8B5191E-06 1.26624E-10 2.6098E-05 1.6937BE-G§ 4.3438BE-06 1 .69005E+00 1.77E-08
NpOZ (CC2}3==~ NpO2 (CO3)3==- 7.39875E-06 6.00222E-15 8.1125E-10 2.58286E-06 €.62405E-06 % .97469E+00 3.56E-08
co2 (ag! coz2taq} 31.97510E-08  1.15435E-07 2.904 1.38769E-CB  3.558B8E-08 1.56626E-03 -3 ,82E-C7
Np02C03- NpO2C03- 1.33905E-07 2.43306E-07 1.B17 4.67454E-08 1,19884E-07 Z.94486E-02 2.9%E-11
NpO2+ NpO2+ 2.50641E-0% 4.95B882E~09 1.978 8.74975E-10 2.24398E-09 £.03735E~04 -1.7BE-08
He H+ 2.51081E-11  $.7770%9E-11 3.894 B.76512E-12  2.24792E-11  .26567E-08  -1.2BE-07
NpO20H {ag) NpO20OH{ag) 1.53583E-10 1.53583€-10 1.000 5.36145%E-12 1.37502E-10 3.93329E-05 1.10E-07
NpO2 (OH) 2~ NpOZ (CH) 2~ 1.89131E-12 5.94256E-13 0.2984 & .95155E-13 1.782B1E-12 £.40300E~-C7 2.3BE-07
Na3H{CD3)2.2H20, Tronsa 0.00000E+00 1.00000E+0D 1.000 0.00000E+00 0.00000E+00 €. 00000E+D0 -4 .08E«00
Na2C03.H20_______ Thermonatrite 0.00000E+00 1.00000E«00 1.000 0.00000E+QD 0.00C00E+DO C.0C000E+00 -2 .B5E+Q0
Na2C03 .7H20_____Na2CO3-Heptahydrate 0.0Q0000E+00 1,00000E-00D 1.000 0.00000E+00 0.0000CE+CO € .00000E+00 -2 .56E+00
Na2C03.10H20, Natzon 0.00000E+D0 1,00000E+0D 1.000 0.000Q00E~00 0.00CC0E+QO € .00000E+DO -2.52E+00
NaHCO3 Nahcolite 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0.00000E+C0 C.00000E+00 -2.25E+0Q0
NaCl, Halite 0.00C0ODE+00 1.0000CE+0D0 1.000 0.CO000E~QD 0.000C0E+CO € .00000E+00 ~-1.26E-01
NadNpO2 (CO3) 2 {s)_DISABLED DISAELED 0.000CCE+00 1.00000E+00 1.000 0 .00D00E+DD 0.000C0E+Q0 C.00000E+00 -9 .31E+02
NaCH(ag) ...... to.titrate.base.only 0.00000E+00 0.00000E+00 1.000 0.0000QE+00 0.0CCO00E+QQ C.00000E+00 -2.94E+02
NpO20H{amer)____ NpD2CH(amor} C.0C0COE+0D  1.00000E«0C 1.000 C.000COE+OC  0.00000E+0C  C.00000E+00  -3.68E+00
NpO20H (aged) _______ NpO20H(aged) 0.0000CE~0Q0 1.00Q000E+00C 1.000 0.000CCE+0DQ 0.0C000E+00 € .00000E+00 -3.09E+0D
HCl{aQ)....... to.titrate.acid.only C.00009E+CD  0,00000E+CO 1.000 0.00000E+0C  0.COD0DOE+Q0  C.DOODDE«Q0  -2.49E+02
pmH = ~log[m(H+}] 10.6002
PH = -logla(H+}] = 13.003%¢8
Osmotic Coefficient= 1.240532
Equilibriuwm RH (%) = 77.834368
Ionic Strength (m) = 5.617741
Density, kg/m3 = 1188.78

NOTES: - Water "molality® is mole fraction H20 in agqueous phase .
-~ Gas *molalircy* and “activity" are gas partial pressures s "
~ *DesScIipror" means: > ™
“dG/RT/1lnl0 for species with nontero concs. {convergence critericnl :
*Saturation Index for minerals., SI=logl0{IAP/Ksp)
*loglOf{activity! for agueocus species with very small concentrations
*loglO(partial pressure) for gases
Total G/RT= =§.64367246E-03
Flashing Titration # 11
% inversions for batch pblm 22

; 1Benchmark TITRATE Problem, LOG10 option: Np{VI02 with CO3 in S5.61lmolal NaCl ™ V2.6
DATABASE: HMWB4/FWB6: Np{Vi-Ra-CO3-OH-C1l-Cl04 (NR94);
95.01.31 An{III)-Na-Cl-CC3-S04~-PO4 (FRSR89,FRFI0, PI1.RFFR92, RFF94,RRFF94)

Pressure= 1.00000E+00 {=] AT™ Temperatures 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Toral Mcles Ag. Molality Ag. Molarity Ag. mg/liter

3.B82B406BE+0L 1.11018771E+02 9 .93954996E+01  1.00180724E+05 Hydrogen
3.68052248E+01 5.55465070E+01  4.97309848E-01 7.95665918E+05 Oxygen
5.41769997E+00 5.61004415E+00 5.02269243E+00  1.15470544E+05 Sodium
0.00000000E+00 0.000000C0E+0C  0.00000000E+CO 0.0D00000CE+CO Potassium
0.00000000E+00 0.000000C0E~0C  0.000CCO00E+0C 0.00000000E+00 Magnesium
0.00000000E+0D 0.000C0000E+0C  0.00000000E+CO 0.0000000CE+00 Calcium
1.95368755E+00 5.58601315E+CQ 5.00117735E+00  1.77306742E+05 Chlorine
0.00000000E+00 0.000DCO00E+00 0.0000000CE+00  0.00000000E+0C Sulfur
3.47998788E+00 1.25239828E-02 1.12127662E-02 1.34676535E+C02 Carbon
Q.00000000E+0D 0.0000C00CE+C0 0.00000000E+00 0.00000000E+00 Poslon
0.00000000E+D0 0.0000CODCE+D0 0.0000000CE+DD 0.00000000E+00 Neglon
0.00000000E+00 G .000C0000E+00 ©.00000000E+00 0.00000000E+00  Air
Q.00000000E+00 0.00C00000E+CO 0.0000G000E+00 0¢.00C000C0OE+0D Boron
0.00000C00E+00 G.00G00C00E+0D 0.0000G000E+00 0.00000000E+00 SBromine
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"
0.00000000E+00  C.0000000CE+0GC  0.0C000000E+CO  0.00000000E+00 TracerEl
0.00000000E+00 0.000000GCE+CD ©.00000000E+00 0.00000000E+0C Th{IV}
0.00000000E+D0 C.0Q0C00C0E-C0 0.00D00Q00E-0C 0.00000000E+00 Am(III}
0.00000000E-00 ©0.00000000E+00 0.000000C0E«D0 0. 00000009£'00 TO(VI})_
3.47561578E+00 2.32128943E-05 2_.07825866E-05 4.92647476E+00 Np(Vi
©0.00D000QCE+DE 0.0000000C0E-00 0.00000000E+00 0.00C00000E+00 ClO4-(EL)
0.00000000E+00 C.C000Q000E«0D 0.00000000E+QC ©.00000000E+00 FPhosphorus
©.00000000E+00 C.00JC0000E+D0 0.00000000E+00 ©.00000000E+00 Electron
-B.43194196E~16 ~-2.410B7366E-15 -2.15846374E-15 C.00000000E+00 Charge
Sclution Parameters. Calculated
SOLUTION MASS 464.385150217386 grams
H20 MASS 349.746321E18902 grams
TDS(g/kg) 327.77708B0E34729 9/ kgH2C
Specified Sclution Densicy
DENSITY 1188.76353136245 kg/m"3 = g/l
Solution Parameters Based on Specified Density
SQLUTION VOL 0.390645521977908 liters
TDS 293 .459983409115 g/l
Density based on TDS and NaCl scluticns 1188.76353136245 g/l
Percent relative error vs NeCl density ©.0C00000C000000CE+COD %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER B.31957E-01 7.7B493E-01 0.9357 1.84140E+D1 4.56971E+01 B.95304E+DS
NaNpO2CO03 (s) NaNpO2CC3 (5] 2.53751E+00 1.00000E+0C 1.9000 3.47561E+00 8.B9709E+CO 3.13218E+06
Na+ Na+ 5.61004E+00 5.28333E+00 0.9418 1.96209E+0D 5.02269E+00 1.15471E+05
Ccl- Cl- 5.58601E+00 5.25591E+00 0.9409 1_95365E+00 5.00118E+00C 1.77307E+05
co3= C0o3= 1.12609e-02 2.92079E-04 2.5937E-02 3.93846E-03 1.00819E~02 6.05009E+02
HCO3- HCO3 - 1.20082E-03 4,43607E-04 0.3694 4.19981E-04 1.07510E-03 €.55992E+D1
OH- QH- 2,07123E-04 1.12610E-04 0.5447 7.24404E-05 1.85438E-04 3.1538B0E+00 -2.25E-09
NpO2 (CO3 )1 2=~ NpO2 {CO3 2=~ 7.13717E-06 1.86975E-10 2.6197E-05 2.49620E-08 6.38993E-06 2. 48610E+00 4.21E-09%
NpO2(CO3) J==- NpO2 (CO3 ) In=- 1.59398£E-05 1.30821E-14 8.2072E-10 $.5749CE-Ch 1.42710E~05 6.40874E+00 B.72E-09
CO2iaq) CO2 lag) 2.96765E-08 B.61856E-08 2.904 1.03782E-08 2.65695E-08 1.16932E-03 =-9,22E-08
NpO2C03 - NpO2C03- 1.34044E-07 2.43401E-07 1.816 4.68B15E-08 1.20010E-07 3.94902E-02 8.14E~12
NpO2+ NpO2+ 1.70329E-09 3.36086E~09 1.973 5.85718E-10 1.52496E~09 4.10285E~04 -4.25E-0%
NpO2CH (ag) RpO20H {ag) 1.46370E-20 1.46370E-10 1.000 5.11925E-11  1.31046E-10 3.74863E-05 4.11E-08
H+ H+ 1.79163E-11  6.935424E-11 3.882 6.26815E-12  1.604058-11 1.61672E-08 -4.53E-08
NpO2(OH)2- NpO2 {OH) 2~ 2.67040E-12 7.96388E-13 0.2982 9.33963E-13 2.39082E-12 7.24565E-07 B.64E-08
Na3H{CO3)2.2H20, Trona 0.00000E+00 1.00000E+Q0 1.000 {.00000E+00 0.000Q00E+0Q 0.00000E+Q0 -3.89E+00
Na2C03 . H20, Thermonatrite 0.00000E+00C 1.0C000E+00 1.000 {0 .0D000E«D0 0.00000E+00 0.00000E+00 -2.68E+00
Na2CQ03 . TH20 Na2COl-Heprahydrate 0.00000E+00 1.00000E+00 1.000 G.0000QE+00 0.00000E+00 0.00000E+00 -2.39E+00
Na2003.10M20_______ Natron 0.00000E+00 1.00000E+00 1.c00 0 .00C00E+0Q ©0.00000E+QQ 0.00000E+00 -2.35E+00
NaHCO03 Nahcolite 0.00000E+00 1.00000E+00 1.000 C.G0000E+00 0.00000E+0Q 0. C00Q0E=DO -2.23E+00
NaCl Halite 0.0000CE+DO 1.00000E+00 1.000 G .COCOCE+00 0.0C000E+00 0.00000E«00 -1.27E-01
Na3NpO2 (C03}2(s)_DISABLED DISABLED 0.0000CE~00 1.00000E+00 1.000 0.J0000E+D0 0.00000E~00 C.00000E~0C -9.31E+Q2
NaOH(ag)...... to.titrate.base.only 0.0C000E+DD 0.00000E-0C 1.000 C.QCGC00CE+00 0.00000E~00 0.00000E+00 =2.94E+02
NpO0H iamex) __________NpC2CH{amar) C.00000E-D0 1.00000E-00 1.000 0.0CGCO0E+DQ 0.00000E«00 0.00000E+0Q0 -31.70E+00
NpO20H {aged) NpC20H {aged) 0.00CO0E+D0 1.00000E+00 1.000 G .00C00E+0Q ©0.00000E+00 C.00000E«00 =3.11E+00
HCl(ag)....... te.titrate.acid. only 0.0Q0000E+00 0.00000E+00 1.000 0.0CO00E+D0 0.00000E+00 0.00000E«0G0 -2.5CE+02
peH = -loglmiH+1] = 10.7468
pH = -logla(B+)] 10.1578
Osmotic Coefficients 1.240021
Equilibrium RH (%) = 77.849336
Ionic Strength (m) = 5.621486
Density, kg/m3 = 1188.76
NOTES: - Water "molality" is mole fraction H20 in aquedus phase
- Gas "molality” and "activity”™ are gas partial pressures ﬁ_,-rr-f*‘\
- "Descriptor” means: VT
*dG/RT/1nl0 for species with nonzerp concs. {convergence criterion} " i
*Saturation Index for minerals, SI=loglO{IAP/Ksp) ’
*logllOiactivity) for aquecus species with very small concentrations o
*loglG(partial pressure} for gases
Total G/RT= -4.64786705E+03
Flashing Titration # 12
# inversions for batch pblm 22
lBenchmark TITRATE Problem, LOG10 oprtion; Np(VI02 with €03 in 5.61molal NaCl FHT V2.0
DATABASE: HMWAB4/FWE6; Np(V)-Na-CO3-0H-C1-Cl04 (NR34):
95.01.31 Am(III)-Na-Cl-CO3-S04-PO4 (FRSR89,FRFI0, P91, RFFR92, RFF34,RRFF54)
Pressures= 1.00000E+Q00 [=] ATH Tenperatures 2.98E+02 [=] Kelwin
7 Elemental Abundances for Flash Problem
Total Moles AgG. Molality Ag. Molarity Aqg. mg/liter
3.89325747E+01 1.11018923E+02 $.93971B4B8E+01 1.00182423E+05 Hydrogen
3.68623846E+01 5.55624877E+D1 4.97460679E+01 7.95907238E+05 Oxygen
5.44291331E+00 5.61007250E+00 S.0227%€11E+CC 1.15472927E+05 Sodium
0.00000000E+00 0.00000000E+JQ 0.00000000E+00 0.000D00C0E+00 Potassium
0.00000000E+00 0.00000000E+Q0 9.00000000E+00 0.00000000E«00 Magnesium
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0.00000000E-00 0.CC00QCOCE+0C 0.00000005E+00  0.00000000E+0C Calcium
1.9551B372E+00  5.57548446E+00 4 .391828B4E+00  1.76%7530BE+C5 Chlorine
0.0D0CDO00E+00  0.0000CO0Q0E+0Q  0.00000000E+00  C.0000CO0Q0E+00 Sulfur
3.4B182647E+00  1.78114648E-02  1.59469162E-02 1.91538411E+02 Carben
0.00000000E+00  0.00000000E+DC  0.0CCOQODCOE-DC  C.O0C0OGDOOE+D0 Poslon
G.00000000E+Q0 0.0000C000E+QD 0.00C0000CE+DD 0.0000CD00E+0C Neglon
0.CODCOODOE-OC  D.OCCOQOOCE+00  0.000C0000E+00  0.0000000CE+00 Adx
C.000CO00DE+00  0.000000CCE+0C  0.000C0000E+00  0.00000000E+00 Soron
C.0DOCOOODE+QOD  0.00C00QOCE+OC  0.0000CO00E+O0  0.00GUDODDE+QD Bromine
¢, CO0C0OODE-00  0.000000C00E+DC  0.0C0000CCE+CC 0.00C00000E+00 TracerEl
C.000DOQOOE+CD  0.000CCQ00E+OC  O.0CD000COE+CD 0.000C0000E+D0 ThiIV)
¢.0Q0CDO0OE+NC  D.CCCOODOOE+00  .DOOCROOQCE+00  0.CO00000CO0E+CO Am{III}
0.00000000E+00  0.CGO0OCCOE+00  0.000GGQO0E+00  0.CO00DCOCOE+GD UIVI)
3.47561578E+00  4.376890919E-05  3.51872342E-05  9.28926332E+00 Np{V]
0.0C0000D0E-0C  ©.0C0OO0COE+00  ©.0DODCOOCE+D0  O.000000COE+00 ClO4-(EL}
0.00000000E+0CC  0.00CCOQ0CE+QC  0.00000000E+CO  0.000CQ000E+00 Phospherus
0.00000000E+00 0. Q0D0AO00OCE+OQ 0.00000C00E«CD 0.0000D0Q0E+00 Elegtron
-1.32033463E-15 ~-3.765121%3%E-15 -3.37097962E-15  0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 465 .601420605269 grams
H20 MASS 350.675126352096 grams
TDS(g/kg} 327.728674256700 g/ kgH2Q
Specified Sclution Density
DENSITY 1188.73872346794 kg/m*3 = g/1
Selution Parameters Based on Specified Density
SOLUTION VOL 0,391676834795082 liters
TDS 293 421218832869 g/l
Density based on TDS and NaCl solutions 1188.73872346794 g/l
Percent relative error vs NaCl density 0.00000000C000C00E+CCO %
TABLE OF CUNCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activicy Act Coef Total Moles  Molarity ng/liter Descriptor
H20 WATER B.32061E-01  7.7BS97E-01  ©.935% 1.94655E+01 4.96979E+01  £.9531BE+0S
NaNpQ2C03 (s) NaNp02CQ3 (s) 9.51117E~00  1.C0000E+00 1.000 3.47560E+00 8.87364E+0C > .12393E+06
Na+ Na+ 5.61007E+00  5.28057E+00 0.9413 1.96731E+00 5.02280E+00C  1.15473E+05
cl- Ci- S.57548E«00  5.24002E+G0 0.93388 1.95518E+CC  4,991B3E+CC  1.76%75E+05
CC3= Co3= 1.64154E-02 4.25480E-04 2.5820E-~02 5.75648E-03 1,45570E-02 £.Bl356E+02
HCO3- HCO3- 1.27533E-03  4.70618E-04 0.3830 4.47227E-04  1.14183E-03 £.46709E+01
OH- OH- 7.B4255E-04  1.54942E.04  0.5451 9.96812E-05  2.54499E-0d  4.32833E+00 -1.42E-09
NpO2 (CO3) 2=~ NpQZ 1003 ) 2=~ 1,03463E-05 2.72515E-10 2.6333E-05 3.62818BE-06 9.26320E-06 3,60399E+00 2.42E-09
NpO2 (€03 ) 3==~ NpC2 (€03} J==~ 3.32873E-05 2.77756E-14  8.3442E-10 1.16730E-05 2.98027E-05  1.33836E+01 5.14E-0%
Coziag) CC2{aq} Z.29193E=-0E 6.65707E-08 2.904 8.03744E=-D9 2.05206E-08 £.03107E-04 -7.40E-08
NpO2C0o3- NpO2C03 - 1.34242E=-07 2.4352BE-07 1.814 4.70755E-08 1_20190E~-07 3.95491E-02 6.18E-12
NpO2+ 1.17432E-08  2.30833E-09 1.966 4.11805E-10  1.03139E-08 I, BR2874E-04 ~2.46E-09
NpO20H {aqg) NpO20H (aq) 1,38078E-10 1.38078E-10 1.000 4.84205E-11 1.23624E-10 2.83631E=-05 3.39E-08
H H+ 1.31074E-11  5.06455E-11 3.864 4.59643E~12 1.173S3E-11  1.1B280E-08 ~3_64E~08
NpQ2 (OH) 2~ NpO2 (D) 2~ 3.46327E=-12 1.03185E~12 0.2979 1.21448E-12 3.10073E-12 £.39711E-07 7.04E-08
Na3H(CO3)2.2H20, Trona 0.00000E+Q0  1.00000E+00 1.000 0.0000CE+QC 0.00000E+00  C.0DOODE+DC -3 .70E+00
Na2C03 .H20, Thermonatrite 0.0000QE+Q0  1,00000E+00Q 1.000 0.00C00E+00  0.0000CE+00  (.00000E+0D  -2.52E+0Q0
Na2C0e3 . TH20, Na2CO3 -Heprahydrate Q.0000CE+DD 1.00000E+00 1.000 0.00CCCE+CC 0.00000E«DD C.00000E+QD -2.23E+00
Na2CC3.10H20_ 202020202020 Natrom C.0000CE+00  1.00000E+00 1.000 0.00C0CE+GE  C.000DOE-00  (.QODDQ0E+00  -2.19E+00
NaHCQ3 Nahcolite 0.00000E+00  1.00000E+00 1.000 0.00000E+0C  0.000D0E+00  C.O0DODCE+OD =2 .20E+030
Nacl Halite 0.0000QE+00  1.00000E+00 1.000 Q0.00000CE+0C  CG.D0000E+00  (.0D00OCE+00  -1.2BE-01
Na3NpO2 (C03)2({s) _DISABLED DISABLED G.0000CE+Q0  1,C0Q000E+00 1.000 0.Q000R0E+RD  0.00000E«0C  ( .0000CE+0D  -9.30E+02
NaoM(ag)...... to.titrate. base. only 0. 00000E+00 ¢.00000E+DD 1.000 0.000CCE+DD Q. 00000E+0D C .QDODCE+0D -2.94E+02
NpO2CH { amor) NpO20H { amor ) £.00000E+00  1.0D00DE+00 1.000 0.0000GE+Q0  0.000Q00E+D0  (.QO000CE«D0  -3.73E+D0
NpO2CH (aged)________ NpO2QH{aged} 0.00000E+0D  1.00000E+00 1.000 0.0D0CCE«GC  C.QO00Q00E+D0  (.0QCQQCE+D0  -3.13E+00
HCllag)....... to.titrate acid.only Q.000008+00  C.00000E+00 1.000 0.0000CE+GE  C.O00000E+0C  (.ODOOCE«00  -2.50E+02
i = -loglmiH+]] 4 10.8825%
PH = =log(a{H+}] = 10.2955
Osmotic Coefficient= 1.239297
Equilibrium RE (%) = 77.869707
Ionic Strength (m) = 5.626852
Density, kg/m3 = 1188.74 g
I
NOTES: - water "molality- is mole fraction H20 in agueous phase o
- Gas ‘molalirty" and "activity® are gas partial pressures
~ *Descriptor" means:
+*AG/RT/1nl0 for species with nonzerc concs. (convergence criterion)
*Saturation Index for minerals, SI=i1ogl0(IAP/Ksp) ’
*logl0lactivity) for aguecus species with wvery small concentrations -
*logl0{parcial pressure) for gases
Total G/RT= =4 .653B4406E-02
Flashing Titration # 13
# inversions fer batch pblm &2
1Beachmark TITRATE Problem, LOGLO option: NpiV)O2 with COl in 5.6lmolal WaCl FMT V2.0

DATABASE:
95.01.31
Pressure=

K84 /FWBE; Np(V)-Ha-CO3-0H-C1-ClO4 [NRB4);
Am(IIT}-Na-Cl-C0Q1-504~P04 {FRSRBY9,FRF90, PS1, RFFRIZ,RFF34, RRFFS4)
1._0000DE+00 {=] ATM Terperature= 2.98E+02 [=] Kelvin
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Elemental Abundances for Flash Problem

Total Moles Ag, Molality Ag. Mcolarity Ag. mg/liter
3.50785996E+01 1.11019115E+02 9.,53994492E+01 1.00184705E+05 Hydrogen
3.69438430E+01 5.55851538E+01 4.97674088E+01 7.96248680E+05 Oxygen
5.45034287E+00 5.61012129E+00 5.02294553E+00 1.15476363E+05 Sodium
0. 0000CCDCE+DD 0.0000000GE+0C 0.00000000E+OQ 0.00000000E+00 Potassium
0.00000C0CE+D0  0.00000000E+0C  0.Q000Q000E+00  0.0000900DE+00 Magnesium
0.00DOCCOCE+D0  G.00000000E+QC  (,0000C000E+00  0.0000000Q0E+00 Calcium
1.95731591E+0Q 5.56057483E+00 4.97858483E+00 1.7650576BE+05 Chlorine
0.00000000E+0D 0.00000000E+CD 0.0C0000COE+CD 0.00000000E+00  Sulfur
3.48449515E+00 2.53082323E-02 2.26592804E-02 2.721€181BE+02 Carbon
0.0000C0CDE+OD 0.00000Q00E+DQ 0.C0000D00E«CD 0.000C0CD0E+00 PosIon
0.00006Q00E+0Q C.00000000E+QD 0.00000000E+QD 0.00000000E+00 NWegIon
0. 00000C0OE+DD 0.00000000E-C0 0.000CCO00E+QD 0.00000000E+DG Air
0.0000C00CE+QD 0.0000000CE+QQ 0.0000G000E+0D 0.00000000E+0C Boron
0.0000C00QE+OC 0.00000000E+CC 0.0000C000E+CD 0.0000000CE+0C Bromine
0.00000000E+00 Q.00000000E+0C 0.00000000E+GQ0D 0.00000CG00E+00 TracerEl
0.000CC000E+QD 0.00000000E+DD 0.00000000E+CD 0.00000000E+0D ThiIV)
0.0000G0JC0E+00 .00000000E+Q0 0.Q0000Q00E+QD 0.00000Q00E+0C Am{III)
0.00000000E+00 0.00000000E+Q0 0.000Q0000E+QD 0.00000000E+DC UI(VI)
3.47561578E+00 8.26620364E-05 7.40103261E-05 1.75440146E+01 Np(V)
©.0DCCO000E~CD 0. 000000C0E+DD 0.0000CO00E+Q0D 0.00000000E+00 Cl04~-(EL)
C.0D0G0OQCE+DD 0.00000000E+00 Q.00000000E+GD 0.0C0CO000E400 Phogphorus
G.000Q0000E+0O0 0.00000000E+D0 0.00000C00E+0O0 0.0CC0C000E+00 Electren
-1.25055944E-15 -3 ,55273740E-15 -3.18089495E-15 Q.0000C000E+00 Charge

Solutien Parameters, Calculated

SOLUTICHN MASS 467.335%43430028 grams
H20 MASS 351.998B39687459 grams
TDS{g/kg} 327.6633066318%4 @/ kgHZO
Specified Solution Density
DENSITY 13188,70522197651 keg/m~3 = g/l
Soluticn Parameters Based on Specified Density
SOLUTION VOL 0.3%3147043346010 licers
TDS 293.368869726079 g/1
Density based on TDS and NaCl solutions 118B.70522197651 g/l

Percent relative error vs NaCl density 9.000000000000000E+OCD %

TABLE OF CONCENTRATIONS FOR BATCH S¥YSTEM

Species Name Molality Activity Aet Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER §.32153E-01  7.78985E-01 0.9361 1.95390E+01  4.969B9E«01  §.35336E+05
NaNpO2CO3is)________ NaNpO2C03(s) 5.87386E+00 1.00000E+00 1.000 3.47358E+00  §.84042E+00  2.11224E+D6
Na+ Na+ 5.61012E+D0 5.27691E+00 C.9406 1.97476E+0C 5.02295E+00 1.15476E+05
Cl- Cl- 5.56057E+00 5.21732E+00 0.9383 1.95732E+00C 4.97858E+00 1.78506E+05
co3= Cco3= 2.37058E-02 €.13801E-04 2,5892E-02  B.34d440E-02 2.12246E-02  1.27367E+D3
HCO3 - HCO3- 1.36956E-03 5.04583E-04 0.3684 4.82083E~-04 1.22622E-03  7_482C01E+01
OH= OH- 3.82200E-04 2.08552E-04 0.5457 1.34534E-04 3.42198E-04  5.B19BEE+DD -1.17e-0%
NpO2(C03)2=- Npo2 (€03} 2=~ 1.48219E-05 3.93404E-20  2.6542E-05  5.21729E-0€ 1.32706E-05 5, 16313E+00 1.39E-09
NpO2(CQ3) ==~ Np0Z (C03}3==~ €.77047E-05  5.7B442E-14 8.5436E-10  2.3B320E-05  6.061B4E-05  2,72222E+01 3.46E-09
Co2i{ayg) co2iaq) 1.82542E-08  5.20275E-08 2.905 6.42544E-0%  1,63436E-08  7.19279E-04 -6.83E-08
NpO2CH3 -~ RpQ2C03~ 1.34522E-07 2.43696E~07 1.812 4.73516E-08 1.20442E-07 3.96323E-02 5.31E-12
NpO2+ NpC2+ 8.18988E-10  1.60121E-09 1.955 2.B82B2E-30  7.33267E-10 1.97283E-04 -1.64E-0%
NpO20H (aq) NpO20H{aq} 1.28920E-10  1.28920E-10 1.000 4.53797E-11  1.15427E-10 3.30183E-C5 3.16E-08
H+ He 9.B0463E-12 3.76405E~11 3.839 1.45122E-12 8.77844E-12 8.84779E-05 -3.32E-08
NpO2 (OH} 2~ NpO2 (CH) 2- 4.35852E-12 1.29676E-12 0¢.2975 1.53420E-12  3.90234E-12 1.1B26SE~C6E 6.4BE-08
Na3E({C0312.2H20 Trona 0. 00000E+00 1.00000E+00 1.000 Q.00000E+00  0.00000E+00  O.O000C0E+00 ~3.51E+00
Ra2C03 . K0 Th trite 0.0C0000E+00  1.00000E+D0D 1.000 3.000C0E+O0  0.00DQDE«00  O.00000E+00 ~-2_3BE+00
Na2Ceo3. 7H20, Na2CO3-Heptahydrate 0.00000E+00  1.0Q000QE+0Q0 1.000 0.000C0DE«00  Q.0000C0E+00  O.CO00QOE+Q0  -2.07E+00
Na2C03,10H20 Natron 0.COQ00E+00  1.00000E+00 1.000 0.00000E«D0  0.000CODE+CO0  O.00D00E+0C -2,03E+80
NaHCC3 MNahcolite 0.C0000E+00  1.00000E+00 1.000 0.00000E+00  Q.0000DOE+00  0.QUDOOE+00 -Z.17E+00
Nacl Halite 0.00000E+00  1.00000+00 1.000 0.00000E+00  0.000GOE+00  0.0000QE+00  -1.31E-01
Na3NpO2 (C03) 2 (5)_DISARLED DISABLED 0.0C0000E+Q0  1.000Q0E+00 1.000 0.00000E+0Q C.0000CE+00  0.0QCOQE+DG  -9.30E+D2
NaDH({ag)...... to.titrace base.only 0.0C000E+DD 0.C0000E+0QQ 1.000 0.00000E-00 0.Q0000E+00Q 0.00CODE+00 -2 _.94E+02
NpO20H (amor ) NpO2OH (amor ) 0.0C000E+D0  1.00C00E+00 1.000 0.00000E-00  £.00000E+00Q 0.00000E+«0C  -3.76E+0C
NpO2CH (aged) NpC20H (aged) 0.00Q00E+Q0  1.CO0GOO0E+00 1.000 0.0000CE~00  0.00000E+00 0.CO0CO0E+D0 -1 .16E+00
BCliag)....... to.titrate.acid.only 0.0COQGE+Q0 0.00G00E+DD 1.000 C.Q0000E+0Q 0.00000E«0D 0.00000E+00 -2.50E+02
poH = -log(m{H+}1 = 11.0C86
PH = =loglatie)] = 10.4243
Csmotic Coefficient= 1.238276
Equilibrium RH (%) =  77.B%§521 -
Icnic Scrength (m} = 5.63454%9 ! ’
Density, kg/md = 1188.71 f.
NOTES: - Water -molality" is mole fraction H2C in agueous phase 3

- Gas "melality" and "activity” are gas partial presgures .‘

- *Descriptor”® means: ) ) %

*dG/RT/1nl0 for species with nonzerc £oncs. {convergence criterion) % .

*Saturation Index for minerals, SI=logld{IAP/Ksp) He e
*logll{activity] for aqueous species with very small concentrations =
*logl0{partial pressure) for gases
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

Total G/RT= -4 .66236092E+03
Flashing Titration # 14
# inversions for batch pbim 22
#7 1Benchmark TITRATE Problem, LOG1{ eoption: Np(V)02 with CO3 in S.61lmclal NaCl FMT V2.0 -
DATABASE: HMWB4/FWBE; Np(V)-Na-C03-0H-C1-Cl04 (NRS4);
95.01.31 Am{III)-Na-Cl-CO3-SC4-PO4 (FRSR85,FRFS0, P51, RFFR32 RFFI4, RRFF34}
Pressures 1.00000E+00 [=] ATM Temperatures 2.9BE+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Mcles Ag. Mclality Ag. Molarity Aq. mg/liter
3.92881252E+01  1.11019334E+02  5.94024305%E+01 1.001B87710E+D5 Hydrogen
3.70599297E«+01  5.56172351E+01  4.97975186E+01 7.96730419E+05 Oxygen
5.46093075E+00  5.61020635E+00  5.02316152€+00 1.15481328E«0S Sodium
0.00000000E+00  0.00000000E+OC  O,00000000E+00  0.00000000E«00 Potassium
0.060000000E+00  0.00C000000E+00  0.00000000E«00  0.00000C00E+00 Magnesium
0.0¢ )E+Q0  0.00Q00000E+00  0.00000000E+00  0.000DCO0DE«CD Calcium
1.96035450E+00 5.53951836E+00 4.95587023E«00  1.75842279E+05 Chlorine
0.0000C000E~00 0.00000000E+D0 0.00000000E+00 0.00000000E+D0  Sulfur
3.488265975E+00 3.59127333E-02 3.21548707E-02 3.86212152E+02 Carbon
0.00000000E+00  0.0000D0000E+00  0.00000000E+00  0.00000000E+00 Poslon
0.00000000E+00  0.00000000E+00  ©.0000000CE+00  0.00000000E+00 NegIon
0.00000000E+D0 0.00000000E+CO 0.00C00000E+00 0.00000000E+00 Air
0.00000000E«D0  0.0000C000E+00  0.00000000E«00  0.00000000E+0C Boron
0.00000000E+00  ©0.00000000E+00  0.00000000E+0C  0.00000000E+00 Bromine
0.00000000E+00  0.00000000E+00  0.00000000E+00  (0.00000000E+00 Tracertl
0.00000000E+00  0.00000000E+00  ©.00000000E+00  0.00000000E+0C Th(IV)
0.00000000E«CO 0.00000000E«00 0.00000000E+00 0.00000000E+C0 Am[III}
0.00000000E«00 0.000C0000E-D0 0.00000000E+0C 0.00000000E+00 WU(VI}
3.47561578E+00  1.55346593E-04  1.35091324E-04  3.23713479E+01 NpiV}
0.00000000E+00  0.000C0000E«DQ  0.00000000ECO  0.00000000E+00 (€104~ (EL}
0.00000000E+00 0.00000000E+CD 0.000000C0E~00 0.00000000E+00 Phospheorus
0.000000002+00  0.00000000E+00  C.0000Q000E+CO  0.000Q0000E+00 Electron
-8.00005678E-16 ~2.26063508E-15 -2.02408511E-15 0.00000000E+00 <Charge

Solution Parameters. Calculated

SOLUTION MASS 465.810029265032 gTrams
H20 MASS 353.885368468197 grams
RS (g/kg} 327.576868460534 g/kgH20
Specified Solution Density
DENSITY 1188.66091347607 kg/m*3 = g/
Solution Parameters Based on Specified Density
SOLUTION VOL 0.39524310218940S liters
TDS 293.299643066572 g/l
Density based on TDS and NaCl solutions  1188.66091947607 g/l 3

Percent relative error vs NaCl density 0.00000000000000CE+D00 % 7__

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles  Molarity on/liter Descriptor
H20 WATER 8.32282E-01  7.793%1E-01  0.9365 1.96437E+01  4.97003E+01 . 95361E+05
NaNpO2CO3(s)_______ NaNpO2CO3(s) 9.82115E+00 1.00000E+00Q 1.000 3.47556E+00 8.79348E+00 .09571E+06

3 Nas Nas+ 5.61021E+00 5.27230E+00 0.9388 1.98537E»00 5.023116E+00 .15481E+05
cl- cl- 5.53952E+00 5.18493E+00 0.9360 1.96035E+00 4.95987E+00 T5B842E+05
C0o3= CO3= 3.39812E-02 B.7B4SBE-04 2.5851E-02 1.20255e-02 3.04255E-02 .B25BLE+03
HCO3~ HCO3- 1.48672E-03 5.46468E~-04 0.3676 5.26128E-D4 1.33115e-03 12230E+01
QH- OK- 5.04613E-04 2.75741E-04 0.5464 1.78577E-04 4.51816E-04 68417E+Q0 -1.22E-09
NpO2(C03)2==~ NpO2{C03) 2=~ 2.10028E-05 5.63525E-10 2.6B31E-05  7.43260E-D6 1.88051E-05 31643E+00 1.18E-0%
NpQ2(CO3}3==- NpO2(C03)3==~ 1.34208E-04 1.18584E-13 8.8359E-10 4.74943E-05 1.20165E-04 3596295E+01 2.62E-09

o2 (aq} CO2iaq) 1.49488E-08 4.34356E-08 2.306 5.29018E-09 1.33846E-08
NpO2003- NpO2C0O3 - 1.34316E-07 2.43510E-07 1.808 4.77447E-08 1.20798E-07
NpO2+ NpQ2e $.77122E-10 1.11979E-09 1.940 2.04235E-10 5.16733E-10
NpQ20H (aq) NpO20H{aq} 1.192035E-10 1.132035E-10 1.000 4.21850E-11 1.06732E-10
He He 7.48733E-12  2.B4836E-11 3.804 2.64966E~12 6.70386E-12
NpO2{OH)2- NpO2 (OH) 2~ 5.33952E-12 1.58534E-12 0.296% 1.88958E-12 4.78080E-12
Na3H{Co3i2.2W20_  _______ Trona 0.00000E+00 1.00000E+00 1.000 0.00000E+00  0.00000E+00
Na2C03.H20 Thermonatrite 0.00000E+00 1.00000E«00 1.000 0.00000E«00  0.00000E+00
Na2C03.7H20 Na2C03-Heptahydrate 0.00000E+00 1.00000E+00 1.000 C.00000E«00  O.00000E+D0
* Na2C03.10KH20 Natren 0.00000E+00  1.00000E+00 1.000 0.00000E«00 0.00000E+00
CNaHCO3______ Nahcolite 0.00000E+00 1.00000E+0C 1.000 C.D0000E~00 0.00000E«00
NaCl Halite 0.00000E+00  1.00000E«00 1.000 0.00000E«00  0.00000E+00
Na3NpO2(C03)2(s)_DISABLED DISABLED 0.00000E+00 1.00000E+00 1.000 C.0000CE«CO  O.00000E«0D
> NaOHiag)...... to.titrate.base.cnly 0.00000E+00  0.000DOE+00 1.000 C.00000E+00 0.00000E+0D
NpO20H(amor}_____ NpO20H (amox) 0.CO0Q0E+00 1.00000E+00 1.000 C.00000E+CO 0.00000E+CD
 NpO2CH(aged) . NpO20E(aged) 0.0DCOCE+00  1.00000E+00 1.000 C.00000E+D0  0.00000E-0D
HCl(aQ)....... to.titrate.acid.only 0.00000E+00  C.0000CE+00 1.002 C.00000E+00  0.0000QE+00

B9054E~04  ~7.17E-08
97494E-02 5.29g-12
39Q025E-04  -1.25E-09
0S311E-05 3.27E-08
75682E-09 -1.39e-08
4488B6E-06 6.67E-08
O00COE+0C  -3.32E+00
O00DOE+QC  -2.20E+00
O00COE-0C  ~-1.91E+00
Q0000E+OC  -1.87E+00
Q00COE+0D -2.14E+00
00000E+00  =-1.34E-01
000C0E+OC -$.30E+02
O0000E+00  -2.93E+02
000CCE~00 -3.79E+00
QQ00DE+OC =3 .20E+00
O00000E+00  -2.50E+02

COO0OO00OCOODOHAWER WU WM I I8 MKFELWL®

S pmH = =log{m{He)]) = 11.1257
: pH = =logla{H+}] = 10.5454
: Osmotic Coefficient= 1.236838
Equilibrium RH (%) =  77.839147
Ionic Strength (m) = 5.645553
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

Density, kg/ml

NOTES :

= 11B8.66

- Water "molality® is mole fraction K20 in aqueocus phase

- Gas *"molality® end ‘activity® are gas partial pressures
- *“Descriptor” means:
*dG/RT/1nlC for species with nonzerc concs. lconvergence criterion!

*Saturation Index for minerals,

SI=1ogl0(IAP/Ksp}

*loglC(activity) for aguecus species with very small cencentrations
*logl0ipartial pressure] for gases

Total G/RT=

-4.674459693E+03

Flashing Titration ¥ 15
% inversions for batch pblm
1Benchmark TITRATE Problem, LOGLl0 option; Np{V)02 with €03 in 5.6lmolal NaCl

DATABASE :
95.01.31
Pressures

HMWE4/FWEE: Np(V)-Na-CO3-0H-Cl-Cl04
AmM{III}-Na-Cl-COJ-S04-PO4 (FRSR&9, FRFS0, P51, RFFRI2, RFF4, RRFFI4)
1.00000E+C0 [=] ATM

22

Elemental Abundances for Flash Preblem

Total Moles Ag. Molalicy Ag. Mclarity Ag. mg/liter
3.95867206E+01 1.11019645E+02 9.94062599E+01 1.00191S69E+05 Hydrogen
3.72253652E-01 5.56624986E+01 4.98398315E+01 7.97407433E+05 Oxygen
5.47601956E+00 S.61035435E+00  5.02347422E+00  1.154B88517E+05 Sodium
0.0CDOC000E+00  €.00000000E+Q0  0.0C0000GOE+0C  0.00000000E+00 Potassium
0.00000Q00E«00  0.000000C0E+00  0.00000000E~CC  0.00000000E+D0 Magmesium
0.00000000E+00  ©.00000000E+00  0.COO00CO0E+00  0.00000C0Q0E+00 Calcium
1.96468480E+00 5.509891S4E+00 4.93352227E+00 1.74508165E+05 Chlorine
0.0C00C000E-CO ©.00000000E~CO 0.0000000QE+00 0.00000000E+00 Sulfur
3.49364905SE+00 5.08618173E-02  4.55413352E-02 $.48936977E<02 Carben
0.00000000E~00 ©C.00000000E+DD 0.00000C0CE+00 ©C.C0C00000E+D0 PosIon
C.00C00000E+D0 0.D0C00000E+QQ 0.0000000CE+QD 0.COJCOCGCOE+DC Neglen
0.00000000E+C0 0.00000000E+00 ¢ .0000000CE~DD 0.0000C000E-0Q Air
0.0C000000E-00 G .00000000E+00 ©.00000000E+0OC (0 .00000000E+00 Boron
0.000C0000E+DD 0.C0000000E+00 0.00000000E+00C 0.00C00000E+0C Bromine
0.00000000E+D0  0.0O000000CE+00  O0.0DDODOCOOE+00  ©.COCCGOGOE+O0 TracexEl
0.00000000E+00 0.00C0000CE+DC 0.0000000CE+0D0 0.0COCDOODE+O0 Th{IV)
0.00000000E+00 0.C0000000E+DD 0.00000000E+00Q 0.00000000E+00 Am(III)
0.00GD0000E+00Q 0. 00000000E+00D 0.00000000E+0Q0 0,0000C0DCE+O0  UIVI)
3.4756157BE+C0Q 2.88102498E-04 2.5796507T4E-04 6.11501564E+01 Np (V)
0.00000000E+00 0.00000000E+QC 0.00000000E+0Q 0.0C09CO00E+00 Clod-(EL)
0.000Q00000E-00 0.00000000E+00 0.00000000E+CO Q. JOOE+CDC  Ph horus
0.00000000E-00  O.COCODODCE+O0  0.DDCCOQQ0E+0C  C©.0000000DE+00 Electron
-1.86320143E-15 -5.22528680E-15 -4.67868728E-15 0.00000C00E+00 Charge

Solution Parameters, Calculated

SOLUTION MASS 473.339684533635 grams

H20 MASS 356.574003417592 grams

TDSig/ky) 327.465491025424 @/kgH20
Specified Solution Density

DENSITY 1188.60383111845 kg/m"3 = g/1
Solution Parameters Based on Specified Density

SOLUTION VOL 0.298231656549681 liters

DS 293.210437350984 g/l
Density based on TDS and NaCl solutions 1188.60383111845 g/l

Percent relative errcr vs Mall density

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM ,

Temperatures

(NR94) ;

2.98E+02 [=] Felvin

0.000000000000000E+000 &

Species Name Molality Activity Act Coef
K20 WATER B.32465E-01  7.79962E-01 0.936%
NaNpC2C03 (s) NaNpQ2C03 (s) 9.74636E+00 1.00C0DE+D0 1.000
Na+ Na+ S.61035E+00 5.26665E+00 0.9387
Ccl- cl- 5.5098%E+00 5.13884E+00 0.9327
Co3= CO3= 4.83971e-C2 1.24807E-03 2.5788E-02
HCO3- HCO3- 1.63010E-03 5.97114E-04 0.3663

OH- CH- €.55397E-04 3.58792E-04 0.5474
RNp02 (CO31 2=~ RpO2 (CO3)2=- 2.942Q9E-05 B.01487E-10 2.7242E-05
NpO2{C03) I=x- Np02 (COl}3==- 2.58546E-04 2.39623E-13 9.26B1E-10
NpO2C0O3 - Np02C03- 1.3S5468E-07 2.44172E-07 1.802
Co2{aq) CO2 (ag) 1.25492E-08 3.64751E-08 2,907
NpO2+ NpO2+ 4.11022E-10 7.89015E-10 1.920
NpO2CH {aq) NpO20E (agq) 1.09291E-10 1.09291E-10 1.000

H+ R+ 5.83272g-12 2.19064E-11 3.758
NpO2{0H) 2~ NpO2 (0H) 2~ 6.38945E-12 1.89128E-12 G .2960
Na3H(00312.2H20. Trona 0.000C0E+0C 1.00000E+0Q0 1.000
Na2C03 . K20, Thermonacrite 0.00000E+00 1.00000E+00 1.000
Na2CO3.7H20____Na2CO3-Keptahydrate 0.0C000E+OC 1.00000E+00 1,000
Na2C03 . 10H20, Natron 0.00000E-00 1.000002+00 1.000
NaHCT3 Nahcolite 0.00000=+00 1.000C0E+00 1.000
RaCl Halice 0.0000CE«00 1.000COE-CQD 1.000
Na3Np02 (C03)2is)_DISABLED DISABLED C.0000CE+00 1.00000E+0Q0 1.000
NaCH{aq}...... to.titrate.base only 0.0CGCGOE+D0 0.00C00E+00 1.000

FMT V2.0

Total Moles

1.97530E+01
3.47551E+00
2.00051E+00
1.96468E+00
1.72571E-02
5.81251E-04
2.3369BE-04
1.04%07E-05
9.21906E-05
4.83041E-08
4.47472E-09
1.46560E-10
2.89705E-11
2.07980E-12
2.27831E-12
0.00000E+CD
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.000CO0E~D0
0.00000E+00C
0.00000E+CC

Molarity

4.97021E+01
B.72736E+00
5.02347E+00
€.93352E+00
€.33344E-02
1.453958E-03
S5.86839E-04
2.63433E-05
2.31500E-04
1.21297-07
1.12365E-08
3.68027E-10
§.78589E-11
5.22258E-12
5.72107E-12
C.00000E-DD
0.00000E+0D0
0.C0000E+00
0.00000E+00
0 .00000E+0Q0Q
0.0000CE+00
C.ODODDE-00
0.0C00DE«QD

mg/liter

8.95393E+05
3.07243E+06
1.15489E+05
1.7490BE+05
2.60046E+03
E.90553E+01
$.98054E+00
1.02493E+01
1.03962E+02
31.9%135E-02
4.94515E-04
9.90165E-05
2.79929E-05
5.263B4E-09
1.73384E-06
©0.00000E~00
©0.00000E+00
0.000C0E+00
0.00000E+00
0.00000E+00
0.CCOQ0E+CD
0.C0000E«00
D.G0000E+00

Descriptor

-1.
L %
2.

.09E-12

-6TE-08

-Q7E-09

.69E~-08

-BOE-08

.S0E-08

.13E+00

-05E+00

.76E-00

&
-8
=1

3
-3

7
=3
-2
-1

-1
=2.
=%.
=-9.

-2

S4E-09
G68E-10
18E-09

T2E+00
iDE«00
38e-01
30E-02

.93E+02
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

ST NpO20H amer] NpO20H {amor 0.00000E-D0  1.00000E+00  1.000 U.00000E+00  0.0C00CE+00  ©.00000E+00  -3.83E+00
“r,% NpO20H{aged) NpO20H {aged) 0.00000E+D0  1.0D0CODE+D0  1.000 0.0C000E+00  0.000C0E+00  0.00000E+00  -3.23E+00
HCl(aQ).......to.titrate.acid.only 0.00000E+00  0,00000E+00 1.000 0.00000E+00  ©0.00000E+00  0.00000E+00  -2.SOE-02

Pl = -log(m(H+}] 4 = 11.2341
T3 pH = -logl{al(He)] = 10.6554
“T2) Osmotic Coefficient= 1.234823 C
‘Tt EQuilibrium RH (%) = 727.996177
*%°* Jonic Strength (m) = 5.661425

‘f.L Density. kg/md = 1188.60
NOTES: - Water "molalicy® is mole fraction H20 in agueous phase
A - Gas “molality” and “activity- are gas partial pressures
3 - - *Descriptor® means:

*dG/RT/1nld for species with nonzero concs. (convergence criterion!
*Saturation Index for minerals, SI=logll(IAP/Ksp)
SIS *logllO(activity} for agqueous species with very small concentrations
g *loglCipartial pressure] for gases

“r7 Toral G/RT=  -4.63179003E+03
i TITRATE file name is Ul:[SCBARE.FMT.USERGUIDE]NP_NACL_SM_LOG.TITRATE:1
*i2 MOLES  file name is UL:[SCBABS.FMT.USERGUIDE]NP_NACL_SM_LOG.MOLES:1
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Appendix O: Sample Output File “Np_NaCI_BM_LIN.OUT"
Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

See Table 27 for explanation of this listing. i

INPUT file name is Ul:[SCEABB.FMT.USERGUIDE]NP_NACL_BM_LIN.IN:1
INGUESS file name is Ul:|[SCBASE.FMT.USERGUIDE)NP_NACL_BM_LIN.INGUESS;1
OUTPUT £ile name is Ul: {SCBABE.FMT.USERGUIDE]NP_KACL_BM_LIN.OUT:2
CHEMDAT £ile name is Ul: [SCBABB . F¥T.USERGUIDE ] FMT_HMW_NP_AM.CHEMDAT;1
Temperature is Hard Coded as 258.153K

Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CO03 in 5.61molal NaCl FMT V2.0

DATABASE: HMWE4/FW86: Rp(V]-Na-CO3-0H-CL-Cl04 (NR9&):

95.01.31

e L L T R T P e e L g

===+ ECHO PRINT OF “CHEMDAT" FILE WCULD BE HERE =**

seressscacnnssernensne

TITRATION Problem:

SEE APPENDIX J

row

=) Assigning a2ll deltaly) to 0.1 m
-) Setting # of nodes in Y-directien to 3
-} Setting NONREACTIVE Porcsity to 0.0

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density is a Function of Composition

Am{III)-Na-Cl-CD3-S04-PO4 (FRSRES.FRF90,PS1, RFFRI2, RFF94,RRFFI4)

B b e s

RHOMIN file name is Ul:[SCRAEB.F¥T.USERGUIDE ] FMT_HMW_NP_AM.RHOMIN;1

B

B L b T T T T e

e L L L L L Ly e L L P TR T s

#** TABLE OF MINERAL DENSITIES, KG/M*2 WOULD BE HERE **~

waw

SEE APPENDIX L

O L L L d e L L T L T T L L T ]

GRID BLOCK VOLUMES, in liters
1.00E+00¢ 1.00E+0C 1.00E+00 1.C0E«Q0 1.00E+00
1.00E+0C 1.00E+D0O

1.00E+00 1.00E+00 1.COE«00

1.00E+00 1.008+00 1.COE+Q00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
1.00E+0CD 1.0DE+00

1.00E+0C 1.00E+00 1.00E+C0 1.00E+00 1.00E+00
1.00E+00 1.00E+0C

# inversions for batch pbim

sc

1.00E+0C 1.00E+00

1.00E+00 1.00E+00 1.00E-+00

1.00E+00 1.00E+C0 1.00E+00

1.00E+00 1.00E+00 1.00E+00 1.00E+«00

1.00E+00 1.00E+00

1.00E+00 1.00E+00

1.00E+00 1.00E+00

47 1Benchmark TITRATE Problem, LINEAR option: Np(VI0Z with CO3 in S.€lmolal NaCl FMT VZ.0
<. DATABASE: MMWA4/FWB6: Np{V}-Na-CCO3-OH-C1-Cl04 (NR34):
$5.01.31 Am(IIT)-Na-Cl-CO3-S04-P0O4 (FRSR89, FRF9C, P21 RFFR92 RFF94,RRFF34)
Pressures 1.000G0E=+CC [=] ATH Terperatures 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
1.11017363E+02 1.11029658E+02 1.001003314E+02  1.00891107E+0S Hydrogen ¥ i
6.15086815E+01 6.15154534E+01 5.54601388E+01  8.87328944E+05 Oxygen ’
S.610C0000E+00 5.610862129E+00 5.05833276E+00 1.16289907E+05 Sodium
C.00000000E+DD C.000G0CGO0E«00  0.0CO00000E-0C  ©.0C0000000E+00 Potassium
C.000C0000E~00 0.00000000E«0C  0.0CO00000E+00 0.00000000E+00 Magmesium
0.000C0000E+CD ©.D0D00OCO0E-Q0Q C.0CCO00D0E«DO 0.00000000E+00C Calcium =
1.61000000E+00 1.61017830E+00 1.45167838E+00 5.14663S38E+04 Chlorine 3
0.000C0000E-0C  0.00C00C00E+00  0.CO000000E+00  C.00000000E+0¢ Sulfur . .
2.00000001E+00 2.000221S0E+00  1.8033271SE+00 2.16597629E+04 Carbon S
7 C.000C0000E+00  0.00000000E+00  0.00000000E+00  0.000Q0C00E+0C PosIon
£ 0.00000000E+0C  0.00CDOCODE+O0  O.00C00000E+O00  C.0C00000CE+00 Neglon
£ 0.00000000E+D0  ©.DODODOOCE+OC  0.000000CDE+00  C.DODOCOODE+Q0 Air
e 0.00000000E+00  0.000C0000E«OC  0.0000C000E+CO  0.0C00CCOJE+OC Boron
22 0.00000000E+00  0.000CQ000E+GC  0.000OO000E+00  0.D000000CE+OC Eromine
23 0.00000000E+00  ©0.0COO00CO0E+0C  0.C0CO00COE~GO0  0.000000C00E+00 TracerEl
3 0.00000000E+D0  0.0000D00CE+OC  ©0.00000000E~00  0.000000C0E+0C ThiIV])
0.0000C000E+DC  0.0000000CE+O0  D.0CODOOODE+GO  0.0C0000COE+00 Am(III}
" 0.00000000E+00 0 .00C00000E+00 0.00000000E~CO 0.00000000E+00 U(VI}
Ta 0.00D0ODODE+DD 0.000000002+00  0.00000000E+00 0.0COCO000E+OD NpiV)
T ©.00000000E+DC  ©.00000000E+C0  D.0COD0Q000E«CO 0.0000000DE+OC ClO4-{EL]
2 0.00000CC0E+0D 0.QQ0C0CORE+D0  0.00000000E+00  ©.00000000E+00 Phosphorus
0.00000C00E+CD 0.000000C0E+0C  0.00000000E~00 0.000000C0E+0C Elesctron
~2.22044605E~15 ~2.22069196E-15 -2.00209536E-15 0.00000000E+0C Charge

a8

5

Solution Parameters, Calculated
130€.0703390983%C grams
999 .889265717486 grams

SOLUTION MASS

K20 MASS
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT"
BN TOS(g/kg! 306.214381877726 G/kgH20
Specified Solution Dens:ity
DENSITY 1177.63607439302 kg/o*3 = g/l
Soluticn Parameters Based on Specified Density
SOLUTION VOL 1.10906108219560 liters
- TDS 276.072326670473 g/l
<
1 Density based on TDS and NaCl sclutions 1177.63607439302 g/l
> Percent relative error s KaCl densicy € .000000000000000E-000 %
“: TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
+- Species Name Molality Activity Act Coef Total Moles  Molaricy mg/licer Descripter
. H20 WATER £.57464E-01  8.S9E43E-01 1.003 5.55025E+01  5.00446E+02 9.01564E+05
5 Nae Na- 5.61062E+00 3.69BB1E~00 ©.6593 5.E1000E+00 5.05833E+00 1.16290E+05
«% CO3= Co3= 1.99407E+00 4.09214E-02 2.0522E-02 1.99385E«00 1.79778E-00 1.07BB4E~DS
Cl- cl- 1.61018E+00 1.06477E+CO 0.6613 1.61000E+00 1.4516BE+00 5.14664E-04
HCO3~ HCO3- 6.14734E-03  1.59044E-03  0.2587 6.14666E-03 5.54222E-03  3.3B170E-02
OH= OH= €.14733E-03 4.8B6901E-03 0.7921 65.14665E-03 5.54221E~-03 $.42580E+01 2.C0E-11
Co2iag} C02 {ag) 2.36B76E-09 7.15913E~09 3.022 2.36850E-09 2-13559E-09 5.3986BE-05 ~2.12E-07
w He H+ 2.39954E-12 1.77959E-12 (.7416 2.39927E-12 2.16334E-12  2.18043E-09 ~8.58E-08
L NalM(COo312.2H20, Trona 0.00000E+00 1.00000E+00 1.000 0.00Q00E+00 0.000D00E«00 0.00000E+D0 -1.57E+00
T HCl{ag)....... to.titrate. acid.only 0.00000E+CO 0.00000E+00 1.000 0.00C00E+00 ©0.0CCDDE+DD 0.00000E+0Q ~2.52E+02
NaCH(ag)...... to.citrace.base.only 0.00000E+00  0.DDCDOE+O0 1.000 0.00000E+CC  0.00000E+00  0.00000E«Q0  ~2.92E+02
NaCl Halite 0.00000E+00  1.00000E+0C  1.000 G.CO00CE-0C  0.00CODE-00  D.00000E+DC  ~5.7SE-0%
NaRBCo3 Nahcolite {.00000E+Q0 1.00000E+0DC 1.000 0. C000CE«0D 0.00000E+00 0.000C0E+00Q ~1.83E-+00
Na2C03 . 7H20____Na2C03-Heptahydrate 0.00CCOE+0Q  1.00000E+00 i.000 C.CO0QCO0E+00 0.0CCCCE+DD 0.0000CE+DC ~2.51E-01
1 Na2C03 K20, Thermenatrite 0.00C00E+00 1.00000E+0C 1.0C0 0.C0000E+00 0.D0D0OE~DD 0.00000E+00 ~7.99E-01
‘L Ma2003,10H20, Natron 0.0CGC00E+00 1.00000E+00C 1.000 0.C0000E+00 0.00000E+00 0.00000E+00 ~8.30E-02
“Y pmH o= -log{miHe}) = 11.6199
‘i pH = -log[afH+}) = 11.7497
©. Dsmotic Coefficient= 0.90841%
U Equilibrium RH (%) = 85,984284
‘é4 Ionic Streagth {m) = 7.604695
‘¢’ Density, kg/m3 = 1177.64

oy

NOTES :

- water *molality® is mole fraction H20 in aqueous phase

- Gas *molality" and "activity" are gas partial pressures
- "DesScriptor® means:

*dG/RT/1nl0 for species with nonzero concs.

Total G/RT=

Reaction #

-6.42133776E+03

1 sldsum

This is & solid-only reaction

shifting left by

95.01.31
Pressure=

2.00000000000000

4.64434654478258
calling makenuv for allemorphic reactions
¥ inversions for bacch pblm

1.00000E+00 [=]

75

P ey |

Elemental Abundances for Flash Prablem

Total Moles

1.11018363E+02
1.05508682E+02
1.5€100000E+01
©.000000C0E+CD
0.00000000E+00
0.0000CO00E+0D
5.61100000E+00
0.0G000000E+00
1.00000000E+0L
0.CG0O0000E+DD
0.0Q0000C0E-00
0.00000000E+00
0.0G000000E+00
0.00000000E+00
0.0G000000E+00
0.0GC00D00E+00
0.0GC00000E+00
0.0GCO0000E+00
1.000000008+01
0.00000000E+00
0.00000000E+C0
0.000000C0E+0G
-2.37316632E-15

Ag. Molalicy

1.11017591E-02
5.55113597E+01
5.61057382E+00

_ 0.00000000E+00

0.00000000E+00
0.0000C000E+CC
S.6109609EE+C0
C.0C0D0000E-C0
6.12835261E-04
0.00000000E+00
0.00000000E+CO
0.0000CC00E-00
0.000Q0CC0OE+00
0.00C0C0OC0E-00
0.00000000E~00
0.00C00000E+DC
0.00C00000E~00
0.0CCO000CE+CD
6.12839281E-04
0.00000000E+00
©.0000CCC0E+D0
0.00000C00E+00
-2.37314981E-15

Ag. Molarity

9.91818868E+02
4.969423898+01
5.02263316E+00
©.0Q000000E«00
0.G0000000E+00
0.00CC00C0E«D0
$.02297975E+00
C.000000CDE+00Q
5.4BE18892E-04
©.00000000E+00D
O.0C0C00CDE+0D
0.0C000000E+00
0.00000000E+00
©.00000000E+00
0.0000CCO0E+00
0.000D00OCE+D0
0.000C000QE+OC
C.0DC00000E+OD
5.48518892E-04
0.00000000E+00
0.00000000E+DD
©.000D0Q00E+00
-2.12446380E-15

(convergence criterion)
*Saturation Index for minerals, SI=loglQ(IAP/Ksp)
*loglO(activity} for aquecus species with very small concentrations
*loglO(partial pressure} for gases

2.9BE+02

Ag. mg/liter

1.0C169020E+05
7.95078006E+05
1.15469181E+05
0.00000000E+00
0.00000000E-0C
©.000000C0E+0C
1.78079701E+05
0.000G00COE~0DQ
6.58946152E+00
0.00000DO0DE«CD
©.00000000E+00
0.0000C00CE+00
0.00000000E+00
0.00000000E+C0
©.00000000E+00C
0.00000000E+00
0.000000C0E+00
0.00000000E+00
1.30049121E+02
0.0000CD00E+QD
0.00000000E+0C
0.0000000CE+0D
0.0000000CE+OC

[=] Kelvin

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlerine
Sulfur
Carbon
PosIon
Neglon
Air
Boren
Bromine
TracerEl
Th{IV
Am(III)
U{vI)

Np (V)
C1l04- {EL)
FPhosphorus
Electron
Charge

Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CO3 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWS84/FWBE; NpiV)-Na-CO3-0H-C1l-Cl04 (NR34):
Am{III)-Na-C1-CO3-SO4-PO4 (FRSRBY, FRF90, P91, RFFRI2, RFF94, RRFF34}
Temperatures
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

Solution Parameters. Calculated

SOLUTION MASS 1328.11614865142 grams
HZG MASS 1000. 00695466819 grams
TDE(g/kg} 328.106912108529 g/ RGH20
specified Solution Density
DENSITY 1188.93254605477 kg/m~3 = g/1
Selution Parameters Based on Spetified Densicy
SOLUTION VOL 1.11706602116201 liters
TS 293.724084134187 g/l
Density based on TDS and NaCl sclutions 1188.932546065477 grl
ﬁercgﬂ: relative error vs NaCl density 0.000000C000C0000E+DRD %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
" HZO WATER §.31B22E-01  7.77959eE-01  0.%352 5.55091E+01  4.9691BE+01 8.95208E+05
NaNp02¢03 (8] NaNp02C03 {s) 9.99332E+00  1.00000E+00 1.000 9.39939E+00  B.95147E«00  3,15133E+06
Cci- cl1- 5.81095E+00 5.29329E+00 0.9434 5.61100E+00 5.02298E+00 1.78C80E«0S
Na+ 5,61057E+00  5.29268E+00 (.9433 5.61061E+00  5.02263E+00 1.15469E+05
NpO2+ 6.12703E-04 1.21978E-03 1.991 6.12709E-04 5.48499E-04 1.47572E+D2
o2 lag) 3.86103E-04 1.12115E-03 2.904 3.BE106E-D4 3.45643E-04 1.52117E+01
HCO3 - 2.265712-04 B8.38810E-0% 0.3702 2.26573E-04 2.02829E-04 1.23760E«01 4.26E-0%9
RpQ2C03- 1.33526E-07  2.42971E-07 1.820 1.33827E-07 1.19534E-07 3.%3334E-02 -1.959E-11
H+ 1.218728-06  4.7B095E-06 3.923 1.21873E-06 1.09101E-06 1.09962E-03 =4.38E-08
cel= 3.09384E-08  8.03342E-10  2.5966E-02 3.09386E-08  2.76963E-08 1,66203E-03 ~1.62E-07
CH- 3.01685E-09 1.63977E-09 0.5435 3.01687E-09  2.70071E-09  4.5%318E-05 2.55E-08
NpO20H {aq) NpQZOH (aq) 7.72186E-10 7.72186E-10 1.000 7.721%1E-10 6.91267E-180 1.97740E-04 1.87E-07
NpO2 (Co3) 2=~ NpO2 (CO3) 2=~ 1.98384E-11  5.13354E.1§ 2.5B7T7E-05  1.9838SE-11 1.77585E-11 6.50%60E-06 -1.62E-07
Np02 (OH) 2- NpOZ (OH) 2- 2.04382E-16  6.10703E-17  0.2988 2.043B3E-26 1.82964E-16 5.54494E-11 2.13E-07
NpO2 (€03 ) 3==- Np02 (C03) I==- 1.25197E-16 9.87898E-26 7.8908E-10 1.2519%B8E-16 1.12077E-16 S.03310E~11 -3.23E-07
NpO20OH (aged) NpOZOH [aged) 0.000C0DE+QQ 1.00000E+0D 1.000 0.0000C0E«DD 0.00000E+0C 0.00000E+QQ -2 .38E<00
NaOB(ag) ...... to.titrate.base.only 0.00CC0E+DO C.00CCOE+DD 1.000 0,0000GE+DD 0.00000E+00 0.00000E+00 -2 .99E+02
. HCl(agQ}....... to.titrate.acid.only 0. COCCOE+QQ 0.00C00DE+CD 1.000 0.00000E+Q0Q 0.00000E«CO 0.00000E+Q0Q -2.45E~02
© NalNpO2(£03)2(s) DISABLED DISABLED 0.CCDOOE+QC 1.00C00E+DD 1.000 0.00000E«0Q 0.0000Q0E+00 0.00000E+00 -9 ,36E+02
NacCl Halite 0.00OOCOE+D0  1.000CGOE+CD 1.000 0.00000E+D0  0.0CQ00E+CO  0.000DDE+O0 -1.23E-C1
NaHCDO3 Nahcolite 0.0000DE+DQ 1,00000E+00D 1.000 0.00D0DE+DD 0.00C0CE+QC 0.00000E+00 -2 ,95E-C0
Na2c03 . 10H20 Natron 0.00Q00E+DQ 1.00C0DE+DD 1.c000 0.00000E-00 0.0CCUOOE+CD 0.00000E+00 ~7.91E+00
Na2C03 . TH2O____ Na2COl-Heptahydrate 0.00B00E+QO 1.0DCCOE«CD 1.c000 0.00000E+0D 0.0CCO0E+CD 0.00000E+D0 -7.95E+00
Na2C03 _HIO Thermonatrite 0.CCOROOE+DO 1.00QC0E+GD - 1.000 0.00000E+C0 0.CGCCO0E+CO G.00000E+00Q -8.24E+00
NalH(CD3)2.2H20 . Trona 0.00CCOOE+Q0  1.0DCOOE+CD 1.000 0.00000E+00  O.CLOQOE+00  0.00000E+Q0 -1.02E+01
NpO2OH (amer) NpQO20H (amoz ) 0.C0CCOE+D0  1.0000GO0E+0Q 1.000 0.00000E+D0  0.CCO00E+00  0.00000E+Q0  -2.98E+00
pmH = -log[m{H+]] = 5.9141
pH = -logla(B+)] = S.3205
Osmotie Coefficientr 1.241871
Equilibrium RH (%) = 77.795863
Ionic Strength (m] = $.611188
Density, kg/=3 = 1188.53
NOTES: - Water "swolality® is mole fraction H20 in aguecus phase
-~ Gas ‘molality® and "activity® are gas partial pressures
- "Descriptor” means:
*“dG/RT/1nl0 for species with nonzerso cones. (convergence criterion}
=Saturation Index for minerals, SI=loglC{IAP/Ksp)
*loglld(activity) for aqueous species with very small concentrations
*logl0{parcial pressure) for gases
Total G/RT= -1.3332308QE+04 e
Flashing Titration ¥ 1 an
¥ inversions for batch pblm 21

1Benchmaxk TITRATE Problem, LINEAR cption: Np(¥)02 with CO3 in 5 gimolal NaCl FMT VZ.0

DATABASE: HMWBS/FW36; Np(V}-Na-CO03-CH-CL-ClO¢ (NRS4);
85.01.31 Am{IYI)-Na=Cl-CO3-S04-PC4 (FRSRB9,FRF20,P91,RFFRIZ,RFF94, RRFFI4)

2 Pressures 1.00000E+00 {=] ATH Terperature= 2,98E+02 [=] Kelvin

:

2 Elemenral Abundances for Flash Problem
Total Moles Ag. Molality AgQ. Molarity Ag. mg/liter
3.B5857174E+01  1.11017591E+02  ©.93B318868E+01  1.001639020E+05 Hydrogen
3.66707638BE~DL 5.55111597E+01 4.96942389E+01 7.95078006E+P5 Oxygen
5.42543623E+00 5.61057382E+00 5.02263316E+00  1.15469181E+05 Sodium
0.00000000E«00 0.C0000DJ0E+DO 0.90000000E+D0 0.00000000E+00 Potassiuwn
0.00000000E+00  0.00000000E+00  ©.00000000E+00  0.00000000E+0C Magnesium
©.000C0000E+00  ©.00C00DDOE+OD  0.00000000E+00  0._COQODODDE«OD Calcium
1,95p16802E+00  5.61C9609BE+00  5.02297975E+00  1.780797C1E+QS Chlorine
0.00000000E+00  0.00000000E+00  0.GCODOOCOE+00  0.000000COE+CO Sulfur
3.47561578E+00D 6.1ZB39260E-04 5.4B6LBE92E-04 £.5894€151E+0C Carbon
0.000C000CE~QD 0.000C0000E+0D 0.000000G0E+00 0.00000000E+0C PosIon
¢.00Q00000E~0D 0.000C00DCE+OQ 0.000000C0E+00 0.00000000E+0C NRegIon
0.00000000E+00 O _0QOCODGOOE+D0  ©.00000000E+00  0.00000000E+00  Air
C.COQCO000E-00  05.00C00CO0QE+0C  0.00000000E+00  0.0C00QC00E+Q0 Boron
G.0C00C0Q00E+O0 £.00C00000E~DD 0.0000C000E+00 0.00000000E+)C Bromine
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Appendix O: Sample Qutput File “Np_NaCI_BM_LIN.OUT”

0.000000D0QE+00 0.00000000E~00 0.00000CDCE«Q0 0.0000C000E+O0 TracerEl
0.000000C0E+00 ¢.COQ00000E=+D0 0.00000CQ0E«DD €.00000000E+C0 Th{IV)
0.00000000E+QD 0.00000000E+00D 0.00000000E-0D0 0.0C000000E+00 Am(III)
0.00000000E+CD 0.00000000E+00 0.0C0C0000E+DO 0.00Q00000E+CD U (VL)
3.47561578E+00 6.12839260E-C4 5.4B61RB92E-04 1.3004%121E+02 Np(V)
0.00000000E~00 0.0D000000E+0C 0.00Q00090E+00 0.0C000000E+CD C1O4-(EL)
0.000Q0000E+00 0.00000G0CE+OD 0.00000000E+00 0.0000C00CE+00 Phosphorus
0. 000000G0E+00 0. DQOBOCOCE+DD £.00C000DDE«DD 0.000DCODOE+QD Electron
-6.94525850E-16 -1.99826754E-15 -1.78886601E-15 0.00000000E+Q0 Charge

Solutisn Parameters, Calculated

SOLUTION MASS 462.602144251012 grams

H2C MASS 347.562995068956 grams

TOS (g/kg) 328.106912108175% 9/ kgH20
Specified Sclution Density

DENSITY 1188.93254605459 kg/m*3 = g/1
Selution Parameters Based on Spacified Density

SCLUTION VoL 0.3188249228926247 liters

TES 253.724084133503 g/l
Density based on TDS and Nafl sclutions 1188.9325460345% g/l

Parcent relative error vs NaCl density D.C000000R000000DE+DDD &

TABLE OF CONCENTRATICNS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles Molarity rg/liter Descriptor
H20 WATER 8.31822e5-01 7.77959E-01 0.8352 1.92928E+01 4.96%18E+01 H.95208E+05

NaNpO2¢03(s)___ . NaNpQ2CQ3(s!) 5,99932E+00 1.00000E+00 1.000 3.47540E+00  B.95147E+00  1.15133E+06

Cl- Cl- 5.61096E+00 5.29329E+00 0.9434 1.95017E+00 5.D02298E+00 1.7BD8BDE+0S

Na~ Na+ 5.61057E+00 5.2926BE+00 0.9433 1.95003E+00 5.02263E+00 1.154E9E+05

MNpO2+ NpO2+ €.12705E-04 1.2197BE-D3 18991 2.12554E-04 5.48499E-04 1,47572E+Q2

coz{ag) CO2 tag} 2.8£103E-04 1.12115g-03 2.904 1.3419€6E-D4 3.45643E-04 L.52117E+01

HCG3 - HCQ3~ 2.26571E-04 8.18B10E-05 0.3702 7.87481E-D5 2.02829E-04 L.23760E+01 -6.17E-15
H+ H+ 1.21872E-06 4.78CP5E-06 3.823 4.23582E-07 1.09101E-96 1. D9962E-D3 6.17E-15
NpQ2C03 - NpQ2C03 - 1.33526E-07 2.42971E-07 1.820 4.64050E-08 1.19534E~07 3.93334E-02 1.85E-1¢
Co3= o= 3.093B4E-08 8.03343E-10 2.5966E-02 1.07531E-08 2.76963E-08 1. 66203E-03 0.COE+GOD
QH- OH- 3.01585E-0% 1.63377E-0% 0.5435 1.04855E-09 2.70071E-09 4.59318E-05 -6.17E-15
NpO20H{aq! NpCRQH (ag) 7.721BEE«10 7.72186E-10 1.000 2.66384E-10 $.91267E-10 1.97740E-04 0.COE+0QC
NpO2 (003 ) 2=- NpQ2 (CO3)2=- 1.98384E-11 5.13355E-16 2.5877E-05 €.89511E-12 1.77595E-11 3_.90960E-06 0.00E+0D
NpO2 (OK) 2~ NpO2Z [OH} 2~ 2.04381E-16 6.310703E-17 0.2988 7.10356E-17 1,82964E-16 3.544594E-11 1.23E-14
WpO2 (CO3 ) 3==- NpQz2 (C03 ) 3=s- 1.25197E-16 9.878B37E-26 7.89C8E-10 4.35139E-17 1.12077E-16 3.03310E-11 -3.53E-1¢
HCllag)....... to.titrate. acid.only 0.0CO00E+00 C.00GO0E+DD 1.000 0.D0CCOE+D0 0.00000E+QQ 3, 00000E+00 ~2.45E+02
NpOZOH [ aged) NpO20H (aged) 0.00000E+00 1.0000QE+00 1.000 0.00000E.D0 0.C0000E+QD 1. 0000C0E+Q0 -2.3BE+00
NpQZOH(amori e NpG2OH lamsz ) D, DRYDLE+OO 1.D00DOOE+DD 1,000 0.00000E-DD 0, bOROOE+DD 3. 00000E+00 ~2 .98E+D0
NaOH{aqg) ...... to.titrate. base.only 0.00000E+00 0. 00000E~00 1.000 4.00000E+00 0. 000D0E+DD 3. 000CGOE+DD -2.99E+02
Na3NpO2 {C03!2{s)_DISABLED DISABLED 0.00000E«QD 1.C0000E~DD 1.000 0.00000E+00 0. Q000CGE+QD 1.00000E+0C -5 .36E8+02
NaCl Halite 0.G0000E+QD 1.C0000E+DQD 1.000 Q0.0C000E+00 D.00000E+Q0 1.0000CE+0QQ -1.23E-01
NaHCo2 Naheolite C.C0QQ0E+DD  1.0Q0Q00E+00 1.000 0.0C0O0E+GD  0.Q0J00E+D0 1.00000E+0¢  -2.95E+C0
Na2C03 . 10H20, " Natron 0.00000E+0D 1.00000E+0D 1.000 ¢.0C000E+CO 0. 0000E-00 1.00000E+00 =7 .91E+00
Na2C03, TH20_ _ Na2CCl-Heptahydrate 0.CY000E~D0 1.0C000E+Q0 i.0op 0.00C00E«CD 0.00000E+0Q0 2. 00000E«C0 -7.95E+00
Ra2C03 . K20, Thermonatrite 0.C00000E+D0 1.0Q00QE+Q0 1.000 0.000G0E«Q0 0, 00000E+Q0 J.00000E+QD -B.24E+00
Nal3H(C03)2.2H20 Trona 0.00000E+00 1.00000E+00 1.000 0.C00COE+DOD {.0CC00E+00 2.00000E+00 -1.02E+01

o = -loglimiH+)} = 5.9142
PH = -loglaflH+]] = 5,3208
Osmotic Coefficients 1.2413871
Equilibriwm RH {%) = 77.795863
Ionic Strength (m} = 5.611188
Density, kg/md z 1188.93

NOTES: - Water *molality* is mole fracticn H20 in aguecus phase
- Gas "molelaty® and “activity" are gas partial pressures
- "Descripter” means:
*d3G/RT/1nl0 for species with nonzerc concs. (convergence criterion)
=Sagurarion Index for minerals. S5I=zlogl0{IAP/Ksp!
*loglC{activity) for aqueous species with very small concentratiens
*loglldipartial pressure}! £or gases

Total G/RT= -4 .63379813E+02

T Lk T e L L L T e T T T

=4+ SUMMARY INFORMATION FOR ADCITION OF DV(2}...DV{1l4) WOULD BE HERE ***

R L L L R D T e e e L R e e A R R e L e R e g

Flashing Titration ¥ 15
# inversions for batch pblm 23
1Benchmark TITRATE Problem, LINEAR ¢ption; Np (V)02 with O3 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWS4/FWES; Np(V)-Na-CO3-OE-C1-ClOd (NRSd);
95.01.31 Am(IIT)-Na-Cl-C03-S04~-PO4 (FRSRSI, FRF9G, P91, RFFRS2,RFF%4 RRFF54)
Fressure= 1.00000E+Q0 {=] ATH Temperatures 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Toral Moles Ag. Molality Ag. Molarity Ag. myg/fliter
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3.87258579E+01 1.11018601E+02 9.93937371E+01 1.00178948E+05 Hydrogen
3.674840B0E+0OL 5.55305592E+01 4.97159013E01 7.95424591E+05 Oxygen
5.43251790E-00 5.61002101E«00 5,.02259034E+0C 1.15468197E+C5 Sodium
0.00000000E+00 0.00000000E+00 0.00000C00E+DD 0.00000000E+0C Potassium
0.00000000E+00 0.00000000E+Q0 0.00000C00E+DD 0.00000000E+00 Magmesium
0.00000000E+Q0 0.00000000E+QQ 0.000000CDE+00 0.00000000E+00 Calcium
1.95220036E+00 5.59653330E+C0 5.01051495E+00 1.776377B6E+05 Chlorine
0.00000Q000E+00 0.00000000E=00 0.0000000CE-CO ¢.00000000E+00 Sulfur
3.47814044E+00 7.24644243E-03 6.48766141E-03 7.79233012E+01 Carbon
0.000C0000E+00 0.000000C0E+0D 0.00000000E+0D 0.DOOCO0DOE+D0 Poslen
0.0000C000E~DD 0.C000000CE+CD 0.00000000E+CD 0.0000D00QE+OC Neglon
0.00000000E+0C0 0.000COC00E+0D Q.000C0D0CE+DD 0.00000000E+00 Air
©.0000C000E+CO 0.000GO0COE~CO 0.00C000Q00E+20 0.00000000E+«00 Boren
©.0000C000E-CO 0.000000C0E+DO 0.000C0CC0CE+D0 0.C000C000E-DC Bromine
©.0000000GE-00 0.00000000E+0D ©.00000000E+0C 0.00000000E+00 TracerEl
©.00000000E+00 0.000000C0E«C0 0.00000000E+D0 0.0000000CE+C0 Thi{IV)
0.0000000CE+O0 0.0000000CE«00  0.00000000E+00 0.00000000E+00 Am(III)
¢.00Q000000E-00 0.0000000CE+DQ  0.C0000Q000E~00 0.0Q000000E+00 T(VI)
3.47561578E+00 8.79854005E-06 7.87723651E-06 1.86728474E+00 Np(V)
0.00000000E+00 0.00C00000E+00 0.0C00C000E~CO 0.000C000DE+ED  ClO4- (EL)
0.00000000E+00 0.00000000E«D0 0. 000000COE+CO 0.000000C0E+00 Phosphorus
0.00000000E~00 0.00000000E+00 0.000000C0E+DD 0.000000COE+00 Electron
~9,13270924E-16 ~2.61814B85E-15 -2.343999%98E-15 0.000000C0E+0Q Charge
Solution Parameters, Calculated
SOLUTION MASS 4€63.176929136630 grams
H20 MASS 348.823147935362 grams
TDSig/kg) 327.827387253719 g/XgH20
Specified Sclution Density
DENSITY 1188 .78931208719 kg/=~3 = g/l
Sclution Parameters Based on Specified Density
SOLUTION VOL 0.385620704381517 liters
TDS 293.500268120485 g/1
Density based on TDS and NaCl solutions 1188.78931208712 g/l
Percent relative errcr vs NaCl density 0.0000000C0000000E+00C %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER B8.31932E-01 7.78290E~01 0.9355 1.93627E+01 &.96962E+0L B.95285E+05
NaNpO2CO3(s)_________ NaNp02CO3is) 9.96382E+00 1.00C00E+GO 1.000 3.47561E+00 §.92050E+00 3.14C43E+0H
Nae i Ra+ S.61002E+00 S$.2862BE+00 0.9423 1.95691E+00 5.02253E+00 1.1546BE+05
Ci- cl- 5.59653E+00 5.27166E+00 0.%420 1.9522QE+00 5.01051E+00 1.7763BE+05
Col= Q3= 6.10711E-03 1.58505E-04 2.5954E-02 2.13C30E-03 5.46763E-03 3.28108E+02
HOO3- HCOO3- 1.11706E-03 4.13103E-04 0.3698 3.89655E-04 1.C0009E-03 6.10225E+01
oH- OR- 1.20768E~04 6.57227E~D5 C.5442 4.21267E-05 1.08122E-04 1.83BB7E+0C -1.39E-10
NpO2 (C03) 2=- NpOZ (CO3) 2=~ 3.89199E-06 1.0)411E-10 2.60S€E-05 1.35762E-06 3 .4BJ445E-06 1.3556BE+00 5.14E-10
NpO2 (CQO3)3==~ NpQ2 {C03)3ax- 4.76942E-06 3.85055E-15 B8.0734E-10 1.66368E-06 4.27001E-06 1.91755E+00 1.1Se-09
coz{aq) co2(aq) 4.74407E-08  1.37761E-07 2.904 1.65484E-08 4 _24731E-08 1.86923E-03  -7.11E-09
NpOZC03- NpO2CO3 - 1.33B46E-07  2.43265E-07 1.817 4.66887E-08  1.19831E-07  3.94312E-02 3.15E-13
NpO2+ NpO2+ 3.12502E-09 6.1B962E-09 1.981 1.09008BE-0% 2.78779E-09 7.52738E-04 -5.05E-10
He H+ 3.06048E-11  1.19335E-10 3.899 1.06757E-11  2.74002E-11 2,76L66E-08 -3.76E-09
NpO20H (ag) NpO20HK (ag) 1.570S0E-10 1.57050E-10 1.000 5.47826E-11 1.40605E~-10 4.02206E-05 3.26E-09
NpO2 (OH) 2- NpOZ (OH}2- 1.66773E-12 4.97826E-13  0.2985 5.81743E-13  1.49310E-12 4.52501E-07 7.03E-09
Na3R(CO3}2.2H2C Trona 0.000C0E+CO 1.00000E+CO 1.000 0.C0000E-00 C.000COE~00 0.000Q00E«00 -4 .19E+D0
Na2C03 . H20, Thermonarrite 0.00C0CE+CO  1.00C00E+CO 1.000 0.CCO00E+00  O.OODCOOE+00  0.00000E+00 —-2.94E+00
Na2C03 .7H2C___Na2C03-Heprahydrate 0.00000E+GD  1.0000DE+00 1.000 0.00000E+00 ©.0COOCE+D0  0.00000E+00  =2.66E+00
Na2C03.10H20______ __ Natron ©.C0000E+G0  1.00000E+00 1.000 C.00000E+00  ©.0COOCE+D0  0.00000E+00 -2.62E-00
NaHCO3 Mahcolite 0.Cc0000E+00 1.C00C00E+0C 1.000 C.00CO0E-00 0.00000E+00 0.00000E+0D -2.26E+00
NaCl Halite 0.00000E+00 1.C0000E+00 1.000 0.00C00E~00 0.00000E+00 0.00000E«0D =-1.25E-01
NadNpOZ (C0312 (s} _DISABLED_DISAELED 0.0000C0E+00Q 1.000C0E+0D0 1.000 C.00000E~00 0.00CO0E+00 0.0000DE-00 -5.31E-02
NaOH({ag}...... to.titrate.base.only ©.00000E+00 0.00000E+00 1.000 ©0.000C0E+00 C.C0000E+00 0.00000E+00. -2.94E+02
NpO20H {amox ) NpO2CH (amor ) 0.000C0CE+CO 1.00000E-00 1.000 0.000GOE+00 ©0.00000E+00 0.00000E+00 -3.67E+00
NpO20H (aged) NpO20H (aged) 0.00000E+00 1.00000E+00 1.000 0.00000E+00 ©0.00000E+00 0.00000E+0D ~-3.08E+00
HCl(ag).....-. to.titrate.acid.only 0.00000E+0Q 0.C0DOCE+0O0 1.000 0.0000QE+00 0.00000E+00 0.00000E+00 -2.49E+02
pmH = -logim(H+}} = 10.5142
pH = -loglafH+)] = 9.9232
Osmotic Coefficient= 1.240746
Equilibrium RH (%) = 77 .8289865
Ionic Strength (m] = S5.616187
Density, kg/m3 = 1188.79
NOTES: - Water *molality" is mole fraction H20 in agueous phase
- Gas *molality" and *activity" are gas partial pressures
- "Descriptor® means:
*aG/RT/1nl0 for species with nonzero concs. (convergence criterion)
*Saturation Index for minerals, SI=1ogl0{IAP/Ksp) . e
*loglOiactivity) for aqueous species with very small cancentraticns "~A _— ,"'

*loglO(partial pressure) for gases iR T

Total G/RT= -4.64192502E+03
TITRATE £ile name is Ul: [SCBABS.FMT.USERGUIDE}NP_NACL_BM_LIN.TITRATE:2
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT"

«~* MOLES £ile name is Ul:[SCBABB.FMT.USERGUIDE]INP_NACL_BM_LIN.MOLES;1
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Appendix P: Sample Output File "Np_NaCl_BM.OUT"

Appendix P: Sample Output File “Np_NaCl_BM.OUT”

{ See Table 27 for explanation of this Jisting. |

is Ul: [SCBABS.FMT.USERGUIDE]NP_NACL_BM.IN:1
is Ul: [SCBABB.FMT.USERGUIDE]NP_NACL_BM.INGUESS:1
* OUTFUT file name is ULl:[SCBABE.FMT.USERGUIDE]NP_NACL BM.OUT;1
- CHEMDAT file name is Ul: [SCBABS.FMT.USERGUIDE]FMT_HMW_NP_AM.CHEMDAT:1
. Temperature is Hard Coded as 298.15K
* Benchmark TITRATE Problem; Mp(V)GZ with CC3 in 5.61molal NaCl
DATABASE: HMW84/FWEE: Np(V)-Na-CO3-OH-C1-Cl04 (NR94);
95.01.31 Am{IIX}-Na-Cl-CO3-SO4-PO4 (FRSRE9,FRF0, P91, RFFRIZ, RFF94, RRFF4)

£ile name
file name

e L L T L E T b

ECHO PRINT OF "CHEMDAT® FILE WOULD BE HERE ***
SEE APPENDIX J

e L T T L T D L e e

I e

TITRATION Problem:

-} Assigning all deltaly) tc 0.1 m

"% -) Setting # of nodes in Y-direction to 3
i% =) Setting NONREACTIVE Porosity te 0.0

Specifying VARIABLE POROSITY for TITRATION Prcblem

Aqueous Density is a Function of Composition

RHOMIN  file name is Ul:[SCBABR.FMT.USERGUIDE] FMT_HMW_NP_AM.RHOMIN:1

[ T T L e L L L e e

**v TABLE OF MINERAL DENSITIES, KG/M"3 WOULD BE HERE ***
- SEE APPENDIX L L

e T e T T

GRID BLOCK VOLUMES,
1.00E+00
1.00E+00

1.00E+00
1.00E+00

1.00E+00
1.00E+00

1.00E+00
1.00E+00

1.00E+00
1.00E+00

1.00E+00
1.00E+00

in liters
1.00E-00

# inversions for batch pbim

1.00E+00

1.00E«00 1.00E+00

50

1.00E+00 1.0CE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+Q0

1.00E+00 1.00E+00 1.00E+00 1.00E+0C 1.00E+00 1.00E+00 1.00E+00

 1Benchmark TITRATE Problem; Np{V)02 with €O in 5.6lmolal Nall

DATABASE: HMW84/FWEG; Np(V}-Na-CO3-OH-C1-Cl04 (NRS4);

1.00E+0C

1.00E+00

FMT V2.0

[ 95.01.31 Am(III)-Na-Cl-CO3-S04-PO4 (FRSR89I,FRF90,PS1.RFFR32,RFF94, RAFF34)
3 Pressures 1.00000E-08 (=]} AT™ Tesperatures 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Prcblem
Total Moles Ag. Molality Ag. Molarigy Ag. mg/liter

1.00E+00

1.00E+0D

1.00E+00 1.C0E<0Q 1.0CE+C0 1.00E+C0 1.00E+00 L1.0CE+00 1.00E+00 1.00E+00 1.00E+00 1.0QE+00 1,00E+00

o 1.11017363E+02 1.11029658E+02 1.00100314E+02 1.00891107E+05 Hydrogen

iz 6.15086815E+01 €.15154934E+C1 5.54601388E+C1 B.87328944E+05 Oxygen
S.61000000E+00 5.61062129%+00 5.05833276E+00 1.16289907E+0S Sodium 4
0.0C00C00CE+00  ©.00DCOOCDE+OC  C.0COO0CCO0E+CO  0.00C0000CE+Q00 Portassium

€ C.0000000CE+00 C.00000000E~CD 0.0G000000E+QQ 0.00000000E+00 Magmnesium

k< C.00000000E+00 C.00000000E+DD ¢.000C0000E00 €.000000008+0C Calcium

£2 1.61000000E+00 1.61017830E+«00 1.45167B38BE+00 S$.14663153BE+04 Chlorine
0 .0C0000C0OE+DC 0.Q0000C00E~DD 0.0G000000E+0C  0.CCOOCOODE+00 Sulfur
2.000000C1E+Q0 2.0002215CE+00 2.80332719E+00 2.16597625E+04 Carbon
0.0000000C0E+C0  O_00DJOOCOE«50  0.CO000000E+00  0.00000000E+D0 Posion i
0.00000DC0E+DO Q.00000CC0E+TD 0.00000000E+00 C.00000000E+00 Neglcn
0.00000000E+00  O.CDDOODOCE+GS  ©.000CODCOE+00  0.0000000QE+D0 Air
0.00000000E+D0  O.CODDOCOCE+00  ©.00000000E+00  0.00000000E+00 Boron
0.00000000E+00 0.0000000CE«CD ©0.00000000E+00 0.00000000E+D0 Bromine
0.00000000E+00 0.000C000CE~DT 0.000C0CO0E+CO 0.0000000CE+00C TracerEl
0.000C0000E+00 0.C0000000E~00 0.00000C00E+CO 0.0000000CE+00 Th(IV)
0.000C0000E«00 0.00000000E-CD 0.00000000E+00 0.00000000E+00 Am{IIX)
0.000C00COE+OD 0.00000000E+CO 0.00000000E-00 0.00000000E+00 U(VI)
0.000C0000E~0QD 0.000C0000E~CE 0.CODCCO0CE-DD 0.00000000E+00 Np{V)
0.0000C0Q0E+QD 0.000C0000E+DC 0.0000CCOCE+0O 0.00000000E+00 C10O4- (EL)
0.000C0COCE+QQ G.0000C000E+QD 0.00000000E~0C 0.00000000E+00 Phosphorus
0.0000CCOCE+DD G.C000C000E+QC 0.00000000E+CD C.0000000DE+00 Electron

-2.22044605E-15 ~2.22069196E-15 -2.00209536E-15 0.00000000E+00 Charge

Solution Parameters, Calculated

SOLUTION MASS

H20 MASS

1306.07033303890
999.88%265717486

grams
grams
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Appendix P: Sampie Output File “Np_NaCl_BM.OUT"
TDS (g/kg) 306.214981877726 g/kgH20
Specified Solution Density
o DENSITY 1177.63607435302 kg/m"3 = g/l
s Scluticn Parameters Based on Specified Demsity
SOLUTION VoL 1.10906108219560 liters
TRS 276.072326670473 g/l
Density based on TDS and NaCl solutions 1177.63607439302 g/1
Percent relative error vs NaCl density 0.0C0000R00000000E+DOD &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity mg/liter Descriptor
WATER 8.57464E-01 8.59B43E-01 1.003 5.55025E+01 5.00446E+01 9.01S64E+05
Na~+ 5.61062E+00C 3.698B1E+00 0.6593 5.€100CE+C0 5.05B33E+00 1.16290E+D5
Co3= 1.99407E+00 4.09214E-02 2.0522E-02 1.39385E+00 1.797T8E+00Q 1.076B4E+05
cl- 1.61018E+00 1.06477E+00 0.6613 1.61000E+00 1.45168E+00 5.14664E+04
HCO3- HCC3- 6.14734E-03 1.59044E-03 0.2587 6.1466EE-03 5.54222E-03 3.38170E-(2
OH- 6.14733E-03 4.86901E-03 0.7922 6.14665E-03 5.54221E=-03 5.42580E+01 2.00E-11
coz{aq} CO2 (&g 2.36B76E-09 7.15913E-0% 3.022 2.3BB50E-DY 2.1355%E-09 5.39868E-05 -2.12E-907
H+ 2.39934E-12 1.77959E=-12 D.74186 2.39327E-12 £.16334E-12 2.18043E-0% -8.58E-08
NalH (C0312.2H20. Trena 0. CO000E+Q( 1.00000E+00 1.000 O.00000E+00 0Q.00000E«Q0 0.OCO00E+DD -1.57E+00
1 OHCl{ag)..... ,.to.titrate.acid.only 0.CO000E+O0 0.0000CE+00 1.000 0.000CCE+DD 0.00D0D0E+Q0 0. 0COQ0E~DOD ~2.52E+02
4 MaQH{ag) ....,.to.titrate.base.only 0.C0000E+0C  0.00DOCE+0D 1.000 0.00000E+00  0.00000E+00  0.00000E+DD  -2.82E+02
T NaCl Kalite 0.CDO00E+QD 1.00000E+0D 3.000 0.0000CE+0D 0.00000E+00C 0. 0000C0E+Q0 ~%.75E-01
% NaHCO3 Nahcolite 0. COOQDE+DD 1.00000E+0Q 1.000 0.00000E+00D 0.00000E-00 0.000Q0E+00 -1.83E+00
Na2C03.7THZO____NaZCQ3-Heptahydrate 0.00000E+OD 1.00000E+00 1.000 0.00000E+CD Q.00000E+CD 0. 00000E«00 -2.51E-01
17 Na2C03.H20 Th trite 0.CO000DE+0D 1.00000E+DD 1.000 0.0DD0CE+DD 0.00000E+O8 0. 0DCODE+QD -7.%%E-01
L Naz2C0l.10H2Z0 Naeren 0.C0G00E+QQ 1.00000E+DO 1.000 9.00000E+00 0.00000E+00 0. 00000E+00 -8.30E-02
poH = -logim({H+)) = 11.6199
pH = -log(a{H+1] = 11.7457
Osmotic Coeffjcientc= 0.908418
Equilibrium RH (%} = 85.984284
Ionic Strength (m} = 7,E04695
Density, kg/m3 = 1177.64
NOTES: - Water *melality® is mole fraction H20 in agqueous phase
- Gas "molality® and "activity" are gas partial pressures
~ *"Descriptor” means:
*33/RT/1nl0 for species with nonzerc concs. (convergence criterion)
*Saturaticn Index for minerals, SI=1ogld(IAF/Ksp)
*legl0{activity) for agueous species with very small concentrations
*loglQ (partial pressure} for gases
Total G/RTs -§.42133776E+03
Reaction # 1 s)ldsum 2.000000006000C0
This is a solid-only reaction
shifring left by 4.64434654478256
calling makenuv for allemorphic reactions
# inversions for batch phbim 73
1Benchmark TITRATE Problem; Np(V)02 with CO3 in S.61lmolal NacCl FMT V2.0
DATABASE: HMWE4/FWB6; Np(V)-Na-CO3-DH-C1-Cl04 (NR94):
25.01.31 Am(IIT)-Na-Cl-CO3-SO4-PC4 (FRSRE9,FRF90, PRl RFFRI2. RFF34, RRFF94)
Pressure= 1.C0000E+0C [=] ATM™ Texparatures 2,98E+02 [=] Kelvin P
”
Elemental Abundances for Flash Problem’ “\
il
Total MHoles Ag. Molalicy Ag. Molarity Ag. mg/liter |
b L]
1.1101§363E+02 1.11017531E+92 9.33638664E+01 1.0Q018%020E+35 Hydrogen g ;
1.0550B682E+02 5.55113597E+01 4,9694238%E+01 7.95078006E+05 Oxygen v
1.56100000E+01 S.61057382E+00 5.02263316E+00 1.15469181E+05 Sodium
Q. 000000CDE+DD 0.00000C00E+QD 0.00GJ0000E+00 0.0D00CO00E+DD Potassium St
C.0C000000E+0D 0.000000C0E+Q0 0.0C00D000E+DD 0.00000000E+00 Magmesium * .
¢.00000000E+00 0.00000000E~00 0.00C0000CE+0D ¢.00000000EL00  Calcium
5.61100000E+00 S5.6109609BE+00  S5.022%7975E400 1.78079701E+05 Chlorine
0.00000000E+QD 0.00000000E+ED ©.00000C00EADD 0.D00CO000E+0OD  Sulfur
1.00000000E+0QL 6.12839261E-04 $.4861BB92E-D4 £.58946152E+00 Carbon
0.00000000E+00 0.00000000E+CD 0.00000000E+0D 0.000C0000E+QC PosIon
0.0000000C0E+00 0.0C0000D0DE+DO 0.000000C0E+p0 0.0CCO000DE+00 Neglon
0. 0DCU0000E«00 0.0000000CE+00 0.000C0000E+QD 0.0000000CE+DD  Rir
0. 0060000CE+QD ©.00000000E+00 C.000CC000E+QD 0.000000GCE+Q0 Bozren
0.00C0000CE+QD 0.00000000E+0D C.00000C00E+-00 0.0000000CE+00 Bromine
0.00000000E-Q0D 0.0C000000E+QR 0.0C000000EADD 0.0000000QE+Q0 TracerEl
0.Q0000000E+DQ 0 .0C000000E«DC 0.C000000CE<Q0 0.00000000EX+00 Th{IV)
0. 0000000OESDD  D.DDODDOOCE+DH 0. DDNDODOSEwDD 0. DOOOOOOOE+BD Am({IIX)
0.00000000E+0D0 0.0000CC00E~DD 0.00009000E+0( 0.DD00CODOE+Q0 U(VI}
1.00000000E+01 6.12839261E-04 5.4B618892E-04 1.30049)21E+02 Np(V}
0.CG0000000E+00 0.00D00COQE+~00 0.000C0900E 00 0.00000C00E+00 ClO4- {EL)
0.0C000000E~00 0.C000000CE+DD ©,000000C0E+QD Q.00600000E+Q00 Phosphorus
0.C0000000E+DD 0.C0000000E+DD 0.000000C00E+Q0D 0.00C00000E+D0 Electron
-2,37316632E-15 -2,37314981E-15 -2.12446380E-15 0.00000000E+00 Charge



Elemental Abundances for Flash Problem

DATABASE: HMWI4/FWEG; Np(V]-Na-CO3-CH-CLl-Clod (NR94);
95.01.31 Am{III]-Na-Cl-003=-S04-PO4 [FRSRBS, FRF90. P91, RFFRI2, RFF34, RRFFI4)
Pregsure= 1.000C0E+00 [=] ATM Temperature= 2,98E+02 [=] KRelvin

Total Moles Aq. Mclality Ag. Molarity Ag. mg/liter
3.BSES7174E+01 1.1101L7591E+02 9.33838868E+01 1.00162020E+05 Hydrogen
3.66707638BE+DL 5.551L3597E+01 4.2654238%E+01 7.95078006E+05 Oxygen
5.42543623E+00 5.61057382E+00 5.02263316E+00 1.154691B1E+05 Sodium
0.000CCO00E+DD 0.00000000E+00 . 0000DQDOE+00 0.000C0CDOE+O0 Potassium
0. 0000000CE+D] 0.00000000E+00 0.00000000E+CD 0.00000000E+00 Magnesium
0.0000C000E+RD 0.CcC000000E+Q0D ¢.00000000E+00 0.00000000E+00 Calcium
1.55016801E+00 5.61096098E+00 5.02297975E+00 1.78079701E+05 Chlorine
0,.00000000E+CD 0.00000000E+Q0 0.00000000E+00 0.000900000E+00  Sulfux
3.8736157BE+C0 6.12839260E-04 5.48618892E~04 6.58946151E+00 Carbon
0.00000CD0OE+DD 0.00000000E+0Q 0.0C000000QE+DD 0.900G0Q00E+Q0  PosIon
0.0000C000E+DD 0.00000000E+00 0.0C00000CE+Q0D 0.000C0000E+00 Neglon
0.0000CC00E+CD 0. 0000QOD0E+D0 0.00000000E+00 0_000DOCODE+00 Air
0.00000C00E+GD 0.00Q000D0E+00 0.0000000QE+DD 0.00C000C0E+C0 Boron
0.D0000CCO0E+GD 0.00000000E+00 Q.00000000E~0D 0.00C000CDE+O0 Bromine
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Appendix P: Sample Output File “Np_NaCl_BM.OQUT”
Solution Parameters, Calculated
SOLUTICN MASS 1328.11614865142 grams
H20 MASS 1006.00695466819 grams
TDS (g/kg) 328.106912108529 g/kgHZO
Specified Sclution Density
PENSITY 1188.93254605477 kg/m"3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VOL 1.11706602116201 liters
TDS 293.724084134187 g/l
Density based on TDS and NaCl sclutions 1188.83254605477 a’l
Percent relative error vs NaCl density 0.0000000000CC000E+DOD %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Toral Moles Molarity mg/liter Descriptoyr
H20 WATER 8.31B22E-D1  7.77858E-01  0.%352 5.55091E+01  4.96%1BE+01  B.95208E+05
NaNpO2C0l (s) NaNp02CO3 (8) $.95932E+00 1.000CGE+DD 1.000 5.92935E+00 §.95147E+00 3.15133E+06
Ci- cl- 5.61096E+00 5.29329E+00 0.9434 3.81100E+00 5.02298E+00 1.7B0BQE+0S
Na+ Na+ 5.61057E+CO 5.29268E+00 0.9433 5.61061E+00 5,02263E+00 1.15463%E+05
: NpO2e NpOZ2+ 6.12705E-04  1.21978E-032 1.991 £.12709E5-04  5.48499E-04  1.47572E+02
cO2 iaq) COZ (ag) 3.86103E-04 1.12115E-03 2.904 3.885106E-04 3.45643E=-04 1.52117E+01
HCO3- HCO3 - 2.26571E-G4  8,38810E-05 0.3702 2.26573E-04  2.02829E-04  1.23760E+01 4.26E-09
Np02C03- NpG2C03- 1.33526E-07  2.42971E-07 1.820 1.33527E-07  1.19534E-07  3.9333¢E-02  -1.99E-11
E+ H+ 1.23B72E-06 4.78085E~-06 3.923 1.21873E-06 1.09101E-C6 1.09962E-03 -4 .35E-08
co3= co3= 3.09384E-08  8.03342E-10 2.5966E-02  3.093B6E-08 2.76963E-CGB  1.66203E-03  -1.62E-07
OH- OH- 3.01685E-09  1.63977E-09  0.5435 31.01687E-09 2.70071E-09 4.59318E-05 2 5SE-08
NpO20K (aq! NpO2ZOH (ag) 9.72186E-10  7.72186E-10 1.060 7.72191E-10  6.91267E-10 1.97740E-04 1.B7E-07
NpOZ (CO3)2=- NpQ2{C0312=- 1.98384E-11 5.13354E-16 2.5877E-05 1.98385E-11 1.77595E-11 €.90960E-0D8 =1.62E-07
NpO2 (OH) 2- NpOZ {OH) 2- 2.04382E-16  6.10703E-17  D.2988 2.04383E-16  1.82%64E-16  5.56494E-11 2.138-07
NpO2 (CO3) I==- NpO2 (CD3}3==~ 1.25197E-16 9.87896E-26 7.B908E-10 1.2519BE-16 1.12077E-16 5.03310E-11 ~3.23E-C7
NpO20E (aged} NpO2CH { aged) 0.CO000E+CD 1.000C0E-C0 1l.000 0.000C0E+00D 0.0GCO0E+GC 0.0CO00E+DD -2.38E+00
to.titrate. base.only 0.00CC0E+QD ¢.00000E+0O 1.000 . 00D00E+O0 0.00C0DE+00 0.C0C00E+DT =2.99E+02
to.titrate,acid.only 0.00J00E+CO C.0C0QC0E+QD 1.000 0. CO0D0E+QD 0.C0000E+CC 0.C000CE+0DQ -2.45E+02
Na3Np02 (€0312 (s) _DISABLED DISABLED 0.60C20E+QD 1.0000CE~QD 1.000 0.00000E«Q0 0.C0R00E+OC 0,0000CE+0DD =9.3&E+02
NaCl Halite 0.000C0E+CO 1.000GGE+Q0 1.000 0., 00000E+00 0.C0GOODE+QQ 0.0C00CE+00 -1.23E-01
NaHCO3 Nahcolite 0.00000E+CD 1.000C0E+QD 1.000 0.0000Q0E+00 0.00000E+00 0.CC00CE+00 -2.9%E+0D0
Na2C03 .10H20. Natron 0.CO0CCOE+DD 1.00Q00E+00 1.000 0.00000E+00 0.000Q0E+00 0.0C00CE+00 -7.91E+00
Na2C03.7H20___ Na2CO3-Heptahydrate 0.00000E+00  1,00000E+00 1.000 D.DO0ODE«D0  0.DODDOE+RE  0.080COE+D0  -7.9SE+00
Na2{03 .H20Q Thermenatrite 0.00000E+0QD 1.000CCE+QD 1.000 0.00000E+Q0 0. 00000E+C0 0.C0000E+DD —B.24E+00
Na3E(C03)2.2H20 Trona 0.COCC0E+CGD 1.90000E+00 1.000 0.C0000E+00 0.00000E«QD 0.00000E+00 -1.02E+01
> NpO20H (amor) HpQO2CH { amor ) 0.00000E+CD  1.000CCE+QQ 1.000 0.00000E«0C  D.QDODDE+CO  O.000Q00E+00  -2.98E+0D
poE = ~logim({H+)] 5.5141
PH x -logla(He+}] = 5.3205
Osmetic Coefficient= 1.2¢41871
Equilikbriuwn RH (%) = 77.795863
Ionic Stcrength (m} = 5.611188
Density. kg/md = 11g8.52
NOTES: - Water °molality” is mcle fraction H20 in agueous phase
- Gas "molality® and "activity" are gas partial pressures
- ‘Descriptor” means:
=AG/RT/1nl0 for species with nonzero congs. (convergense ¢rirerion)
*Saturation Index for minerals, SI=1loglC(IAP/Ksp)
“loglO{activity} for aquecus species with very small concentrations
*loglOipartial pressure) for gases
Total G/RT= -1.33323084E+04
Flashing Titration # 1
7 # inversions for batch pblm 11
«+7 lBenchmark TITRATE Broblem; Np(V)02 with CO3 in 5.6lmolal NaCl FMT V2.0 n



= ‘Descriptor® means:

*logl0(partial pressire)

Total G/RT= -4.63179811E+03

Flashing Titration # 15
# inversions for batch pblm

22

*dG/RT/1nl0 for species with nonzerc cones.
*Saruration Index for minerals, S5I=loglO(IAP/Ksp)
*logllfactivity) for aqueous species with very small concentrations
for gases

- Gas "molality" and ®activity" are gas partial pressures

{convergence criterion)

iBenchmark TITRATE Problem; Mp(VICZ with CO} in 5.6lmolal NaCl
DATASASE: HHMWSE4/FWE6; Np(V)-Na-CO3-GH-Cl-C104 (NR4/;

95.01.31 Am{III}-Na-Cl-C03~S04-PO4
1.CQO00E+00 {=] ATM

Pressure=

Total Moles Ag. Molaliry

Elemental Abundances for Flash Problem

Temperatures

Ag. Molarity

Ag. mg/liter

B L L L T R e e T L

++ SUMMARY INFORMATION FOR ADDITION QF DV{2}...DV(14) WOULD BE HERE ***

B L L L L T

{FRSRBY, FRFSC, P91, RFFRI2, RFF94 ,RRFF4)
2.98E+02 [=] Kelwvin
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Appendix P: Sample Output File “Np_NaC]_BM.OUT”
C.DO00OODOOE+CC  0.00000000E+00 O _D0CQOOOCE+00  C.0000D000E+00 “TracerEl
0.000000C0E+CD 0.00000000E~DO 0.000C000QE+00 0.00DCOCOUE+-QD Th(IV)
0.C00000DDE+CD 3.00000000E+00 0.60000000E-00 ¢.00000000E+00 AmM{III)
0.CQ0000C0E+DD 0.00000D00E+QD 0.00000000E+00 0.00000000E+00 U(VI}
3.47561578E+00 6,12839260E-04 5.48618832E-04 1.30049121E+02 Np{V}
0.00000000E+00 0.000000C0E+0C C.00CO0000E+DC Q.00000000E+0C C104-(EL)
0.00000000E+00  C.00000000E+C0  0.0000GQOCE+00  0.000COQCOE+CG0 Phosphorus
0.00000000E+0D 0. 00000000E+C0 0.00000000E+00 0. 000000C0E+0D Electreon
-5.94525850E-16 -1_9982754E-15 +~1.T7BER6601E-15 0.C000DDO0E+OP Charge
Solution Paramerers, Calculated
SCLUTION MASS 461.602144251012 grams
H20 MASS 347.5631955068956 grams
TDS (g /Rkg) 328.1065512108175 g/ kgH20
Specified Solution Density
DENSITY 1188.832546054558 kg/m~3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VOL 0.388249226226247 liters
TDs 293.724084233903 g/l
Density based on TDS and RaCl scalutions 1188.93254605459 g/l
Percent relative error vs NaCl density a.00000000C000000E+OOD %
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Melalicy Acriviry Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATEFR. &.31822E-01 7, T7959E-01 0.9352 1,92928E-01 4.96518E+01 8.95208E+05
NaNpO2C03 (s) e NANRO2C03 () 9.99332E+00 1.00000QE+CD 1.000 3.47540E+00 §.95147E-00 3.15133E+06
cl- cl- 5.61096E+00 5.29329E+00 0.9434 1.95Q17E+00 5.02298E+00 1.78080E+05
Na+ Na+ 5.61057E+Q0 5.29268E+00 0.9433 1.95003E+00 5.02263E+00 1.1546%9E+05
NpO2+ NpO2+ §.12705E-04 1.21978E-03 1.991 2.12954E-04 5 _.4B49%E-04 1,47572E+02
Co2{ag) coZiag) 3.8BE1L03E-04 1.12115E-03 2.904 1.3419€E-04 1.45643E-04 1.52117E+01
HCO3- HEO3- 2 26571E-04 £.388108-05 0.3702 7.874B1E-05 2.02823E-C4 1.23760E+01 -6.17E-15
E+ H+ 1.21872E-06  4.7B055E-06 3.923 4.23582E-07  1.0910IE-06  1.09962E-03 6.17E-15
NpQ2C03 -~ NpO2TO3- 1.33526E-07 2.42571E-07 1.820 4.64090E-08 1.19534E-07 3.93334E-02 1.85%E-14
Cel= £o3= 3.09394E-08 &, 03343E-10 2.5966E-02 1.07531E-~08 2.76963E-08 1.868203E-03 0.00E+20
OH- OH- 3.01685E-09 1.63877E-09 0.5433 1.04B55E~09 2.70071E-09 4.59318E-05 -6.17g-15
KpO20H (aq) NpCZOH (ag) 7.72186E-10 7.72186E-10 1.c00 2.6B8384E-10 6,91287E-10 1.97740E-04 0.00E-00
NpO2 (CO3) 2=~ NpQ2 (C03)2=- 1.883B4E-11 5.1335%E-18 2.5877E-0%5 6.89511E-12 1.77595E-11 6.909360E-06 0.00E+00
NpO2 (0H) 2~ NpC2 (OH)2- 2.043B1E-16 6.10703E-17 0.2988 7.10356E~17 1.82964E-15 5.544948-11 1.23E-14
NpO2 (C03)J==- KpG2 {C03)3==- 1.25197E-16 5.87897E-26 7.83CBE-10 4.35139E-17 1.12077E-16 5.03310E-11 -3.53E-10
cliag).. . --- to.titrate.acid.only 0.0000CE+0D 0. 00000E+CD 1.000 G.00000E+00 0.00C00E+0QD ¢.00000E-00 -2 .45E+02
RpO20H (aged) ________ NpO2CH (aged) 0.0000CE+00 1.00000E+QD 1.000 C¢.00000DE+00 0.0G000E+QQ 0.Q000QE+00Q «2.38E+00
NpO2OH {amoy ) NpCO2CH (amor ) 0.0000Q0E+030 1.CO000E+CD 1.000 0.00000E+Q0 0.00000E«00 0.00000E+D0 -2.98E+00
NaOHiag) ....-- to.titrate.base only 0.000C0E+0D 0.00000E+CD 1.000 0.00000E+00 0.0C0C0E+DD 0.000Q0E+00 -2.99E+02
Na3NpO2 (00312 (s) _DISABLED DISABLED 0.DCODQE+0D 1.C0000E+CD 1.000 ¢.0000CE+DO 0.GODO0E+Q0 0.00000E+0D -9.36E+02
NaCl __Halite C, DOGO0E~CC 1.00CO0E+G0 1.000 0.00000E+00 0.00009E+0D 0.00000E+00 -1.23E-02
NaHCQ3. . WNahcoclite 0. 000D0E+DO 1.00000E+Q0 1.000 0.000C0E+00 0.00000E+00 0.0C0DDE+CD -2 .95E+00
~ Na2C03 . 10H20 Natzron C¢.DODCOE+CD 1.000Q00E+00 1.000 0.000C0E+00 . 0D00VE+0D 0.0C0D0E+QC -7.91£+00
NazCOX.7TH20 NaZ{Cl-Heptahydrate C.00000E-DD 1.00000E+0Q 1.000 0.00000E+00 0.00000E+00 0. 0DDOOE+QD -7.95E+00
Na2C03.H20_____Thermonatrite 0. 00000E-QD 1.00060CE-G0 1.¢o0 0.00000E+00 0.0000C0E+00 0.0QCDOE+CC -B.24E+00
NalJHICD3}2.2H20Q Trona C.D0QDOE+OD 1.Q00000E+00 1.ce0 0.00000F+00 0.00C00E+00 0.00000E+C0 -1.02E+01
pmi = -log[miH+}]) = 5.9141
pH = -logla(H+}] = §.320%
Osmotic Coefficient= 1.241B71
Equilibrium RH {%} = 77 .795663
Icnic Strength {(m! = $.611188
Density, kg/m3 = 1188.93
5 wt ='-lv,-!.“_"'
NOTES: - Water "melality* is mole fraction H20Q in aguecus phase e
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Appendix P: Sample Output File “Np_NaCl_BM.OUT"
3.95867206E+01 1.11019649E+02 9.9408259%E+01 1.00191569E+Q5 Hydrogen
3, 722536S2E+01 5.56624986E+01 4.98398335E+01 7.97407433E+05 Oxygen
S.47601956E+00 5.61035435E+00 5.02347422E+00 1.1548B517E+05 Sodium
0.000000CAE+QD a,00000000E~CD 0.CCO0DDOOE-CC Q.00C00C00E+00 Potassium
0.00000Q00E+DD 0.0D0000COE+DO 0.0CDC00QOE+CC 0.000Q00Q0E+0D Magnesium
£.00000000E+00 0.000D0GCOE+DT 0.C00000C0E+00 0.00000000E+00 Caleium
1.96468480E+00 5.5098%354E+00 4.93352227E+00 1.749081E5E+C5 Chlerine
0.00000000E+0D 0.00000000E+00 Q.00000000E+00 0.00000000E+00 Sulfur
3.49364905E+00 5.0B8681B173E-02 4.554133152E-02 S5.46996577E+02 <Carbon
£.00080000E+00 0.0DCO00OCE+CD C.00000000E+0D 0.00000000E+00 PosIon
4.00080000E-00 0.00G0000CE+DC 0.00000000E+00 0.00C00D0NE+DD NegIon
Q. 00000000E-00 0. 00000000E+00 0.0000C000E+DD 0.C0000000E+0D  Aix
9.00C0000DE-DC 0.0000CA00E+0D 0.00000000E+D0 0.C0000C0DOE+CD  Boren
0. 00080000E+00 0.0D00C0000E+0D 0.0000C000E+DD ©.C0000000E+Q0 Bromane
0.0C000000E+D0 0. 0C0000C0E+DO 0.00000000E+00 0.000000U0E+00 TracerEl
Q.00200000E«0C 0.CC0000CDE+QO 0. 80000000E~-0D 0.00000000E+00 ThiIV)
0.00000000E+GE 0.0Q0C0000E~DD 0.000Q000CE~Q0 0.00000000E+CO  Am{XIII)
0, (0000000E+00 0.00000DD0E+QC 0, 00000000E+00 C.00000000E+CD UIVI}
3.47561578E+00 2.88102498E-04 2.57965074E-~04 6.11501564E+C01 Np{V}
0.00000000E+CD 0.00000000E+00 0.0000000CE+00 0.00000000E+00 ClO4-(EL)
0.00000000E+00 0.000C0000E+DE 0.00000000E+D0 0.0C00C00DE+DD Phosphorus
0. 0000CO0ODE+DD 0.000C0000E+00 0.0000GO0DE+0D 0.00000000E+00 Electron
-1_85235941E-15 -5.19488071E-15 ~-4.65146187E-15 0.C00C0000E+DQ  Charge
Solutien Parameters, Calculated
SOLUTION MASS 473.339684533635 grams
H20 MASS 356.574003417592 grams
TDS(g/kg! 327 .455491025424 g/ kgH20
Specified Solutieon Density
DENSITY 1188.60383111845 kg/m*3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VOL 0.39B231666549681 liters
TDS 293.210437350984 g/l
Density based on TD5 and NaQ) selutions 1188.60383111845 §/1
Percent relative error vs NaCl density 0.000000000000000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molalicy Activity Act Coef Total Moles  Molarity mg/liter Pescripror
K20 WRTER B.32465E-01 7.79962E-01 G.%363 1.97930E+01 4.97021E+01 8.95393E+05
NaNpQ2C03 (s} NaNpC2C03 (s) 9.74696E+00 1.00000E-00 1.000 3.47551E+00 B.72736E+00 3.07243E+06
Na+ Na+ $.61035E+00 5.26655E+00 0.9387 2.00051E~00 5.02347E+00 1.154B9E+05
cl-~ 5.50989E+00 5.13BB4E+00 0.9327 1.56468E+00 4.93352E+00 1.74908E+05
Co3= 4.83971E-02 1.24807E-03 2.5788E-02 1.72571E-02 4.33344E-02 2, 60046E+D3
HCO3-~ 1.63010E-03 5.97114E-04 0.3663 5.81251E-04 1.45958E-03 8.30593E+0L
QH-~ §.55397E-04 3.58792E-04 0.5474 2.33698E-04 5.86839E~04 9.98054E+00 -1.54E-09
Hp02 (C03) 2=~ NpO2 (C03)2== 2.94203E-05 5.01487E~10 2,7242E-05% 1.04907E-0S 2.63433E-05 1.02493E-01 9.68E-10
NpOZ{CO3)3==~ NpOZ (£03)3=x- 2.585486E-04 2.39623E-13 9.2681E-10 9.21906E-05 2.31500E-04 1.03961E+02 2.1BE-09
NpO2C03- NpO2C03- 1.35468E-07 2.¢4172E-07 1.802 4.83043E-08 1.21297E-07 3.99135E-02 6.09E-12
CC2 (ag) COz2 (ag) 1.25492E-08 3.64751E-08 2.907 4.47472E-09 1.1Z365E-0B 4.94515E-04 -8.67E-08
NpO2+ NpO2+ 4.11022E-10 7.89015E-10 1.%20 1.46560E-10 3.68027E-10 9.90165E-05 ~1.07E-08
NpGC20H (aqg) NpO20H{aq) 1.09291E-10 1.092591E-10 1.000 3.89705E-11 9.7B5B9E-11 2.79929E-05 3._69E-08
H+ H+ S.83272E-12 2.19064E-11 3.756 2.079B0E-~12 5.22258E-12 5.263B4E-Q9 -3 .BOE-08
NpOZ(OH) 2~ NpO2 ((F) 2- 6.38945E-12 1.89128E-12 0.2960 2,27831E~12 5.72107E-12 1.733B4E-06 7.50E-08
NaJH(CQ3)2.2H30 Trona 0.00000E+0D 1.00000E+00Q 1.000 0.0Q00QE~0DC 0.00000E+00 0.00000E+80 -3.L3E+00
Na2C03 . H20 Thermonatrite C.00000E+DC 1.00000E+CO 1.000 0.00000E+00 0.00000E+CD 0.00000E+00 -2.05E+00
Na2C03 . TH20, NaZCO3~Heptalrydrate ‘ 0.00000E+00 1.00000E+00 1.000 0. 0000CE+Q0 ©.0O000E+0D 0.00000E+0D ~1.78E+00
Na2CC3.10H20 Natrem C.0000QE+0Q0 1.000CDE+0C 1.000 0.0000CE+00 0.00000E+CO 0.000Q0E+Q0 =1.72E+00
NaHCO03 Nahcolite C.0D000E+CGE 1.0Q0060E«Q0 1.000 0.00000E+00 0.CCO00E+DD 0.00000E+0D -2.10E+00
NacCl Halite 0.00000E+00 1.00000E+00 1.000 0. 00000E+DD G.00C00E+CD 0.00000E+00 -1.3BE-01
Na3NpO2Z (00312 (s)_DISABLED_DISABRLED 0.00000E+DC 1.00000E+00 1.000 C.00000E+DD 0.GOO00E+CD 0.00000E«0Q -9.30E+02
KaOH{aq)...... to.titrate base.only 0.00000E+00 0. 00000E+00 1.000 0.00000CE+09 0.CODOOE+DC 0.00000E+00 ~2.93E+02
NpO20H (amor } NpO2CH {amoT ) 0.00000E+0D0 1.00G00E+DQ 1.000 C.00D0D0E+DD O.COC00E+CC 0.0000CGE+0Q -3.83E+00
NpO20H (aged) NpO20H {aged) 0.00000E+00 1.00000E+00 1.000 0.000DCE+DO ¢.C0DDDE+GD 0.00000E+00 ~3_23E+D0
HCl{aq)....... to.titrate.acid.only " 0.000DOE+CE 0.00000E+Q0 1.000 0.0000CE+00 0.COODDE+CC 0.00000E+00 ~-2.50E+02
pod = -log[m(H+)] = 11,2341
pH = -loglalM+)} = 10.6554
Osmotie Coefficient= 1.234823
Equilibrium RH (%} = 77.996177
Ienie Strength {m) = 5.661425
Density, kg/m3 = 11B8.60

NOTES: - Water "molality” is mele fraction H20 in agueous phase

- Gas "molality* and “activity" are gas partial pressures

- "Descriptor" means:
*JdG/RT/1nl0 for species with nonzero concs. {convergence criterion)
*Sacuration Index for minerals, SI=loglO(IAP/Ksp)
*loglO(activicty) for agueous species with very small concentrations
*logld{parrial pressure) for gases

Total G/RT= -4.691730031E+03
TITRATE {ile name is Ul:[SCBASB.FMT.USERGUIDE|NP_NACL_EM.TITRATE;l

L4 2
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Appendix P: Sample Output File “Np_NaCI_BM.OUT"

° MOLES file name is Ul:[SCHBABE.FMT.USERCUIDE)NP_NACL_BM.MOLES:1
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Appendix Q: Sample Output File “BATCH_DOC.FOR088"

Appendix Q: Sample Output File “BATCH_DOC.FOR088”

See Table 28 for explanation of this listing.

",

LRI

5.50611817407933ZE+01
2.000000000000000E-02
1.00000000000C001E-02
9.930R29876074504E-05
1.089876985084734E-08
2.514115485249377E-08
1.916539289681380E-12
1.099999999999995E-01
9.999999999959653E-04
4.0351891240945192E-15
9.800006626741504E-02
1.092064419243055E-07
9.919912603905744E-05
2.193596324564590E-14
£.916147055733898E-07
5.279149790754805E-11
1.640770852300863E-11
9.989705247502765E-08
0.000000000000000E«00
0.000000000C00000E~0OC
8.65336844889672BE-11
6.1314B36150886349E-15
0.0000000000000C0E+00
0.000000000000C00E+0D
0.000000000000000E+00
0.000000000080000E+00
0.00000000000C000E«00C
0. 000CCOOCDO0ODD0DELOD
0.0000000000000C0E+00Q
0.000000000000002E-D0
0.000000000000C00E+D0
0.000000000000000E«00
0.000000000000000E+00
0.0000000G000C000E+CO
0.000000000000000E+00
¢.000000000000000E+C0
0.000000000000000E+00
©.000000000000000E+00
0.000000000000000E+00
0.000000000000000E+00
0.000000000000000E+00
©¢.0000000000000C0E+00
0.000000000000000E+00
0.000000000000000E~00
0.000000000000000E+00
©.000000000000000E+00
0.000000000000000E+00
0.000000000000000E+00
0.000000000000000E+00
0.000000000000000E+00
0.00000C000000000E+00
0.000C00000000000E«00
0.000000000000000E+00
C.0000000000000C0E+0C
0.000000000000000E+00
0.0000000000000C0E+00
0.000000000000000E+00
0.00000000000C000E+00
0.000000000C00000E+D0
0.00000000000C0Q0E~00
0.000C0C00000000G0E+00
0.000000000000000E+00
0.000C0000000C000E+CC
0.000000000000000E+00
0.000000000000000E+00
9.999535072376642E-04
0.000000000C00000E+0D
0.000000000000000E+00
0.000000000000000E+00
0.00000000000C000E+Q0
0.000000000000000E+D0
0.00000000000000CE+00
0.00000000000000CE+0D
0.00000000CC00000E~OD
©0.000000000000000E~00
0.600000000000000E+00
0.000000000000000E+00
0.000CC0000000000E+00
0.0000000000000C0E+QD
0.000000000000000E+00
0.000000000000000E+00
0.000000000C00CG00E+00

H20 WATER
Na+ Na+
K+ K=
Cas- Ca++
Hges Hges
MgOH. M5OH+

H+ He
cl- Cl-
S0é= SO4x
HS04- HSO4-

CH- OH-
neo3- RCO3-
col= col3=
o2 taq) CC2lag)
Cacol tag} CaC03 tag)
MgOo3 {aqg} MgColiag)
B{CH)3 (ag) BIOH}J{aq}
B(CH) 4- B(OH) 4~
B303 (CH}4- B303 (OH) 4~
BLOS(CHI 4= B4O5 (OH) 4=
CaB(OH}4+ CaB(QH) 4+
MgB (OH) &+ MgB (OH) 4+
Br- Br-
cl04- perchlorate ClO4-
NaCH{aq}......to.titrate base.only
HCl{ag}.......to.titrate.acid.only
HClod{ag)..... to.titrate.acid.only
1 Lop €. DSOS, POSITIVE.IOR
Neglon.  ivive e eess NEGATIVE. ION
PosIon(CH) (ag)..... to.titrate.base
HNegIen{aqg)........ to.titrate acid
Tracer{ag)..... conservative.tracer
H3PO4 {ag) H3IPO4 (aq)
H2PO4= H2PO4~
HPO4= HPO4=
PO4=- POA=-
NpO2- NpO2+
NpQZOE (ag) NpO20H {ag)
NpO2 (OH) 2~ NpO2 (CH) 2-
NpO2C03- NpO2C03 -
Np02 {CO3)2=- NpOZ{CQ3)2=~
Np02 (€03} 3==- NpOZ (CO3) I===
Ams++ Amees
ARCO3+ AMCO3+
Am(C03}2- Am(CO3)2~
Am{C0O3)3=- Am([CO3) 3=~
Am{OH}Z+ Am(OH) 2+
Ami0H) 3 (ag) Am({OH) 3 iag]
Thesss The=+s
TO2++ UivVIIOZ+»

NpOZOH {aged) NpO20H (aged)
Rp0O205 {amor) NpO20H (amor )
NaNpO2C03 (s) NaNp02C03 (s)
Na3NpO2 (C03)2(s)_DISABLED_DISABLED

AmOHCO3 {c} AmOECO3 (c}
Am(CH)3 (s} Am{OH}3 (s)
NaAm{{Cl}2.6H20(c)

AmPO4(c) AmMPO4 ()

MaK3(S0412_ phthitalite/Glaserite
CaCi2.6K20 Antarcticite
Caco3 Aragonite

K2504 Arcanite
MgCl2. 6H2C Bischofite
Na2Mg {504)2.4H20, Bloedite
MgiCHIZ Brucite
RaSCO3(S04:2 Burkeite
CaCo3 Calcite
CaCl2 . 4H20, CaCl2_Tetrahydrite

CadCl2{0H)6.13H20 _CaOxychloride A
Ca2C12{0H}2.H20 CaCxychloride B
KMgCl3.6HZC Carnallite
Mg S04, TH20 Epsomite
CaNa2{C03}2.5H20, Gaylussite

Na2Ca{sD4}2 Glauberite
Caso4d . 2H20, Gypsum
NaCl Halite
MgS04 . EK20. Hexahydrite
KHgCls04 . 3H20 Kainite
KHCO3 Kalicinite
Mg504 . H20 Kieserite

K2Mg (S04)2 . 4H20, lecnite

5.550868155779565E+01
2.016254639034410E-01
1.008127319517206E-02
1.001154090354837E-04
1.098734763576966E-08
3.542679857127635E-08
1.932115616855898E-12
1.108940051468925E~01
1.008127319513137E-03
4.067986525473380E-15
9.879654411868162E-02
1.100939975711625E-07
1.000053490322044E-04
2.2114243827B6093E-14
6.972356792683824E-07
5.322055127883555E-11
1.654105921272029E~11
1.007089477393192E-07
0.00000000000000CE+00
0.00000000000000CE+0D
8.723697139181022E-11
6.184695924470303E-15
©.000000000000000E~00
0.000000000000000E~DD
0.000000000000C00E+0D
G.000000000000C00E+DD
G.000000000C000000E+CC
0.000ODOODODUDVODDE+DD
0.0000000000000C0E+00
(.000000000000000E+00
0.0G0000000000000E+00
0. 000000000000C00E+DO
£.000000000000000E+0C
£.000000000000000E+0C0
0.000000000000000E+00
0.0000000000C0C000E+CD
0.0000000000CC000E+00
0.000000000000Q00E+CD
0.000000000000000E+0D
0.000000000000000E+00
0.000000000000000E+QC
0.0000000000000C0E+0C
0.00000000000C000E+00
©.000000C00000000EC0
©.00000000000C000E+LD
©0.000000000000000E~CO
0.000000000000000E+00
0.000000000000000E-00
0.00000030000000CE+C0
0.000000000000000E+0D0
0.00000000C00C000E+CD
©0.0000C0CO000CICOE+CD
0.000C0C000C0CACOE+00
0.000000000000000E~C0
0.000000000000000E+0C
0.000000000000000E+00
©.00C000000000000E+00
0.00000000000000CE+00
0.00000000000000CE+00
9.900000000000000E+C0
0.000000C0C000C00E+00
0.000000CCC0000Q0E+CO
0.0000000GCC0C00CE-CO
©0.0000000C00000COE+CD
C.000CC00CC00CC000E+0D
1.008080B52144262E~03
0.000000000C00000E-00
0.000000000000C00E+0D
0.000000000000000E+00
0.000000000000C00E+Q0
0.000000000000000E+Q0Q
0.000000000C00000E+CD
C.000C0C0C0000C0OCE+OD
0.00000C0000C000DE+QC
0.00000C00CCOCO0DE+CC
0.00000C0CCC0CO00E+CT
0.0000C0000000000E+D0
0.000000000000000E+0DD
©.00000000000000QE+00D
0.000000000000000E+0D
0.000000000000000E+00
0.000000000000C00E+00
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0.000000000000000E+0C
0.000000000000C00E~0C
0.000000000C00000E+00
©.000000000C00C00E-00
©.000000000000C00E-00C
©.000000000C00000E-DT
<% 0.000000000000C00E+0D0
}: ©.000000000000CC0E~CC
i ©.000000000000C00E~0Q
©i 0.0000000000000C0OE-00
.Z 0.0000000000000C0E+00
4+ 0.0000000000Q000CE-CO

" 0.0000000C00000CCE~CD
. 0.C0000CCC000COCOE+OD

*. 0.000000060000D0OCE«CD

0.00000000C000000E+C0

.. 0.0000000000Q0000DE+C0

7% 0.0000000C000000CE~0C
Tt 0.00000000C00C00CE~CO
9.000000000000000E~00
0.00000000C00CO00E-CT
0.000000000000000E-00
©.000000000000000E-00
0.0000000C000000CE+0D
0.000000000C00000E+00
0.000000000000000E+C0
0.00000000C000000E+Q0
1% 0.000000000000000DE+C0
“*. 0.000C0000000000DE+QD
*; 0.000000000000000E+D0

* 0.000C00000C00000E+00
Y% 0.000C00000C00000E+DD
' . 0.0000000D0C0O00DE+00

NadCa{S04)3.2H20______ Labile_Salt
Mgce3 M ite
Mg2CLl{0OH) 3 .4H20, MgOxychloride
¥HSO4___ 0 Mercallite
Na2S04.10M2C_________ Mirsbilite
KBHE(SO&)7____ . Misenite
KaHCO2 ___Nahcolite

Ka2003.10K20 __ _ Natxon
MgCQ3.3H20___ NesQuehonite
K2Mg{S0412.6H20 Picromerite/Schoen
Na2CaiC02312.2820________Pirssonite
K2MgCTaZ{S0414.2H20______ Polyhalite

Ca{OHi2 Portlandite
K2C€03.3/2KH20___ Potassium Carbonate
KBH4 (C0316.3H20___ K-Sequicarbonate
KNaCO3.6H20________K-Na-Carbonate
K2NaH{CO3}2.2H20___ Potassiur_Trona
K3EB(S504)2__Sesgqu:rpotassium Sulfate
Na3H{S04)2____ Sesquisodium_Sulfate
Na2C03.7H2C____NaZCO3-Heptahydrate

KC1, Sylvite
K2Cai{5SD4)2 .H2ZC Syngenite
Mg2CaCl6 . 12H20, Tachyhydrite
Na2s04 Thenardite
Ne2COZ.HZO____ = Thermonatrite

Na3H{C0312.2H20 Trona
Na2B407.10H20 Borax
B{OH)3 Borix_Acid_Solid
KB5OB . 4H2Q K~Pentaborate_{30_C)
KZB4A07.4H20___ K-Tetraborate_{(30_C)
NaBO2.4H2C______ Sodium Metaborate
NaB508 .5B20, Sodium_Pentaborate
NaBO2.NaCl.2H2Q___ Teepleite_(20_C)

0.000000000000000E+00
0.0000C0000000000E+00
0.00000000CC0000QE-DD
©0.000000000000000E-00
©0.000000000000000E+0D
0.0000000000C0000E+00
©0.000000000000C00E+00
0.000000000000C00E+00
©0.000000000000000E+D0
©.000000000000C00E-00
©.0000000C00C0C00E-00
0.000000000000000E+00
0.0000000000C0000E+00
0.000000000000000E+00
0.000000000000000E+0OC
0.0000000C0DCCOCOE+DD
0.000000000000000E+00
0.00000000003000CE+00
0.00000C000C0C00CE+D0
0.00000000000CCCGOE+OC
©.000000C0000000CE~00
©.000000000C0000CE~00
0.0000000000C00000E«00
0.00000000CC00000E+0DD
0.000000000000000E-00
0.0000C000000G000E-00
0.000000000000000E+00
0.000000000000000E+00
0.0000000000C0000E+G0
0.000000000000000E-CC
0.00000C000000000E+DD
©.00000000000GU00E+C0
0.00000000000C000E+00

s
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Appendix R: Sample Output File “Np_NaCl_BM_LOG.TITRATE”

| See Table 29 for explanation of this listing. |

Benchmark TITRATE Prcblem, LOG1D option: Np(V)O2 with CO3 in 5.6lmolal KaCl FMT V2.9
DATABASE: HMWS4/FWBE: Np{V)-Na-C03-OH-C1-ClO4 (NR94):
95.01.31 Am([III}-Na-Cl-C03-504-PO4 (FRSRB9, FRF90, P91 RFFR92,RFF94,RRFF94)

Titrant Volumes per Grid Block, in mill:liters
1 0.000000 =L
2 0.100000 =L
3 0.142510 =L
- 4 0.203092 mL
2 5 0.289427 oL
T [ 0. 412463 =i
‘ 7 0.587802 =L
2 8 D.837678 =l
9 1.193777 =l
10 1.701254 mL
» 11 2.424482 oL
) 12 3.455107 L
- 13 4.923B83 oL
i 1e 7.017038 oL
L0018 10.000000 =L
“% Titration Results, molal
( "
H20 Ras K+ Ca++ Mg++ MgOE+ H+ cl- 504=
1) 1.9292BE+01 5.61057E+00  0.0DC00E+00  0.00000E+00  0.CDOCCE+0C  ©.-000CCE+DD0  1.21B72E-06 5.61096E+00  0.0Q0CDE+00
2) 1.92978E+01 5.61014E+00 ©.CDCDOE+00  0.COODCE+00  ©.000CCE+00  O,00000E+D0  5.77346E-07 5.60333E+00  0.00Q00E+Q0
3) 1.92999E+D)  5.51C03E+00  0.C0C00E+0C  ©,CO00CE+D0  ©.00CCGOE+00  C.000QOE+Q0  2.58813E-07 5.60950E+00 ©.0D0DOE+0D
4) 1.93029E+DlL  5.6100CE+00  0.0O0C00E-D0  0.C0000E+00  0.00000E+00  0.Q0000E+J0  2.831065E-09 5.60889E+00  0.00000E+0D
5) 1.93072E+01  5.6100CE«Q0  0.0D0000E+0C C.COOCDE«00  0.00000E+DQ  0.0Q000E+0D0  3.42512E-10  5.60B00E+00 0.00000E+0Q0
6] 1.93133E+«D01  5.6100CE+00  0.00000E+00 0.00000E+00  0.00000E+0Q  0.0CCOOE+00  1.52979E-10 5.60673E+00 0.0000DE+DO
7) 1.93221E+01  5.61001E+00  C.0D0000E+CO C.00000E-00  0.00000E+00  ©.0U0COOE+0C  B.66954E-11  5.60491E+00  0.00000E+00
8) 1.53346E+01 %.61001E+00 C©.00000E+CO 0.00000E+00  ©0.00000E+QCQ  0.00C00E+00  5.44409E-11  5.60233E+00 0.C00DDE+JO
9} 1.93524E+01 5.61002E«00 ©.00000E+00 0.00000E+00 0.Q00Q0QE+00 C©.0C000E+QD 3.62550E-11 5.59866E+00 Q.00000E+C0
10) 1.93778E+0l 5.61003E+00  C.00000E+00 0.00C00E+00  0.00000E+00  0.0GOOQE+0C  2.51081E-11 5.59343E+00 0.COCOOE+Q0
11) 1.94140E+01 5.61004E+0C  C.0CDODE+00 C.00000E+00  0.00000E+00 0.00000E+00  1.79163E-11 S5.58601E+00  0.00000E«0Q
12) 1.94655E+01 5.61007E+Q0  C.00000E+00 0.00000E+0C  0.00000E+00 O.0C000E+00 2,31074E-11 5.57548E+00  0.00000E+04
13) 1.953%0E+01 5.61012E+C0 0.00000E+00  0.00000E+0C  0.Q0000E+CQ  0.0Q0000E«00 9.80463E-12 5.56057E+00  0.00Q00E+0Q
14) 1.96437E+01 5.61021E+00  0.0CD00E+00 Q.00000E+0C  ©Q.0CO0Q0E+0Q Q.00000E~Q0 7.48733E-12 5.53952E+00 0.00000E+00
15) 1.97930E+01 5.61015E+00 Q.C000CE+0Q  0.00000E+00  0.0Q000E+00 0.000C0E+00 5.83272E-12 5.50989E+00 0.00000E+0Q
HSO4 - OH= HCO3- cod= Coztag) Caco3{ag) MgCOo3 (ag) (OH) 3 (ag) B(OH) 4~

1) 0.000C0E+00 3.01685e-09 2.26571E-04 1.09384¢E-08  3.86103E-04 0.00C00E«00 ©.COOCOE+00
2) 0.00000E+QQ 6.37029E-09  3.82212E-04 1.1019€E-07 3.08476E-04  C.00C00E+DQ 0.00000E+00
3} 0.00000E«0C 1.42123E-08 S.79B8S6E-04 3.72975%e-07 2.09763E-04  0.00000E+CC ©0.00000E+CO

-Q0000E«CO 0.00000E-CO
.00000E~0C  0.QC000E+0C
.00000E~C0  0.CO0D0QE+0C

B
o
o
0
4) 0.00000E+00 1.26357TE-06  9.92660E-04 5.67888E-05  4.03745E-06 0.0C0Q0E+00Q ©.00000E+00 C.0C000E-00 0.00000E~0C
5) ©.00000E«0GC 1.07447E-05  1.00903E-03 4.90717E-04 4.82702E-07 0.00000E-CO 0.00000E-0C0D 0.00000E+CO  ©.0CQDOE+00C
&) 0.00000E+CO 2.40584E-05 1.02256E-03 1.11398E-03 2.18328E-07 0.DCO00QE+0C 0.00000E+00 0.0CC00E~0OC 0.0C000E+CO
7) 0.00000E+00 4.24988=-05 1.04073E-03 2.00201E-03 1.2579SE-C7  0.00000E+D0 0.00000E+00 0.0CCJ00E~CC 0.00000E~00
8) ©.000Q0E+00 6.773372-05  1.06541E-03 3.26656E-03 8.07635E-08  0.000Q0E+D0 0.00000E+00 0.0C000E-CO 0.0C000E~OC
9) ©0.00000E+00 1.01865E-C4 1.09867E-D3 5.06627E-03 5.53405E-08  0.00000E+00 0.00000E+Q0Q 0.0C000E-00 0.00000E+Q0
10) ©.00000E+00 1.47379E-04 1.14291E-03 7.62562E-03 3.97S10E-C8 Q.0C00QE+00 0.0000DE+00 0.0CCO0E~CO 0.00CO0E+00
11) 0.00000E+00 2.07123E-C4 1.20082E-03 1.12609E-02 2.9676SE-C8  0.00C000E+OC  ©.0D0000E+Q0 0.0C000E+00 0.00C00E+00
12) ©.000C0E+00 Z.84255E-04 1.27533e-03 1.64154E-02 2.29195E-C8  0.0CO00E+00 C.00000E+00 0.00000E+CD ©.C00D0E+QD
13) C©.00000E«00 3.B22C0E-04 1.3€956E-03 2.37058E-02 1.82542E-08  {.CCO00OE+DC 0.0000DE+D0 0.C0000E+CO ¢ .COCOOE+Q0
14) ©.D0000E+00 5.0461%E-D4 1.48672E-03 3.398128-02 1.49488E-08 0.0CO0000E+QC  C.0Q000E+0Q0 C.C0000E+COD CG.00C00E+DD
15) C.00000E+0C 6.55397E-04 1.63C10E-03 4.83971E-02 1.25492E-08  ©.COD00E+0D G.0D0000E~00C C.C0000E+CD 0.00C00E+00
€ B303 (OH) 4~ B4OS (OH) 4= CaB(0H) 4+ MgB(OH}d+ Br- Cl04- BaCH(ag)..... HCl(ag)...... HClo4(aq)....
€= 1) 0.00000E+00 0.0DOCOE+D0  C.0COQ00E+00 Q.00000E+00 ©¢.0000CE+00 0.0C000E+DT C.00000E+Q0  (C.00000E+00C ©.00C00E+0D
t 2) 0.00000E+00 0.00C00E+D0 0.00000E+00C 0.0C000E+3C  ©.00000E+00  0.C00000E+00 0.00000E+00  ©.CO00QE+0DD 0.00000E+00
r 3) 0.00000E+D0 0.CODO0E+00  0.00000E-00  0.00000E+00  0.00000E<00  O.COODOE+0D 0.00000E+00 0.CO000E+00  ©.000QDE+0Q
- 4) 0.00000E+00 0.CC000E«J0  0.00000E+0C  0.GOOQ0OE+0C  0.000CC0E+00 0.00D00E+D0  G.00000E+0Q 0.C0000E+00  ©.00COCE+00
5) 0.00CCOE+0C 0.0COQQE«QC  ©.0C00QE+OC 0.0C000E~CD -00C00E+J0  0.COO00QE«00  C.DO0GOOE+00 0.00000E+00  ©.0DCODE+00Q
6) D. 00 0. 90  0.000CCE+0C  O.00000E+00 .00000E+00  O.CO00COE+00  ©.0DO00E«00 0.00000E+00 C.00COOE+00

7) 0.00000E+00 ©.00000E+Q0  C.0COQCE+00Q 0.00000E+00
8) 0.00C00E+00 0.00DDUE+OC  ©.00OCOE+0Q ©0.00000E+CD
9) ©0.00000E+0C 0.00000E+00  ©.00000E+00 ©0.00000E+COD

00000E+00  ©.00000E+00  0.0C0CODE+Q0 0.C0000E+00  0.0DJQ00E+00
.00000E+00  0.00CCOE«D0  0.0Q0COOE+00 C.00000E+00 0.0000O0E-00
.00000E+00  0.0000CE+00  0.00C00E+00 0.00000E«00  ©.00CDOE+QD
10) ©.C0000E+00 0.00000E+0C  G.000COE+00 0.00000E+C0 .00000E+Q0  0.0000CE+Q0  0.00Q00E+00 0.0000QCE+00  0.00000E+QC
11) C©.COOOCE+CO 0.00000E+CC  0.00000E+0C ©.00000E+0D .0CO0QE+0C  O.000CCE+DO0  0.000D0E+DC 0.00000E+00  0.00000E+DD
12) 0©.00000E+CO C.00000E~0C 0.00000E~CO C.00000E+00  0.00000E+0C  O.COOQCE+«DD  0.000DOE+00 C.00000E+00  0.00DDOE+CO
13) 0.00000E+00 C.00000E+C0 0.00000E-00 C.00C00E+C0  C.0CC00E+DC  C.0C00CE-D0  0.00000E+00 0.00000E+00  0.0DDODE+CO
14) ©.00000E=00 ©.00000E+CC 0.00000E+D0 0.00000E+C0  ©.000QQE+00  0©.000CCE<D0  0.0CCDOE+OC 0.00000E+00  0.000Q0E+DD
15) 0.00000E+Q0 0.D0DOOE+CD 0.00000E+00 0.00C00E~00 0.00000E+0Q0  C.0000CE«0D 0.00000E+0C 0.0000DE+00 0.00000E+CO

cooocoo0oo0o0o

PosION...o0s-. Neglon....... PosIon(OH] (ag HNegIon(ag).. Tracer(ag)... H3POdi{ag) H2PO4~ HPOd= PO4=-

1) 0.00000E+0QQ 0.CCO00E+DD 0.00000E«0D 0.00000E+00 0.00000E+00 C.0000CE+QO 0.00CD0E+DO 0.,0000CE+00C 0.00000E+C0
2) 0.00000E+00 0.GCO00E+OQ 0.00000E+Q0 0.00000E+0C  0.00000E+00 C.Q00C0E+00  0,00QOOE+CO 0.00000E+D0 0 .00000E+00
3} 0.00000E+00 0.0C00DE+DO 0.00000E+00 0.000H0E+00 0.00000E+00 C.0000CE+00  0.CO0000E+00 C.00000E+0D 0.00000E+00
4} 0.00000E+00 0.0Q000E+Q0 Q.00000E+00 0.00000E+00 0.00000E+00 0.00CCCE+Q0  0.CO0Q0E«00 0.00000CE+00 0.00000E+CD
1 5} 0.00000E+00 0.00000E+0D Q0.00000E+00 0.00000E+00 0.00000E+00 C.00CCOE+DD  Q.00000E«0D0 0.00000E+00 0.00000E+00
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§) 0.00000E<0C 0.CODOCE+00  0,.00000E+D0  0,00C00E+00  [.Q0000E+00 D.00000E<00  0.COCDOE+00  O.GOOGOE+D0  0.000C0E+00
7)  ©0.00000E+00  0.000C0E+00  0,.0CCDCE+00  0.00CQ0E+00  0.00000E+00  0.CCQ0CE+00  0.00000E+00  (.00000E+D0  O.0OCOCOE+DO
B) ©.0DDOOE+OC  0.CODGCE+00 0 .0CCOCE+00  C.DO000E+00  ©.00000E+00  0.0CO00E+C0  0.CD0DOE+00  0.CQOCOE+00  0.0CODYE+D0
5) ©.00000E+00  0.00DCCE+00  0.0GGDOE+00  0.00G00E+00  ©.30000E+00  0.CCO0DE+CC  G.00000E+OC  0.COGCOE-OC  0.COGO0E+00
: 10} ©0.00000E+00  ©0.00OCOE+00  0_00CDOE+D0  ©,00CDOE+DC  ©.0D000CE+Q0  O.0DOOOE«CO  C.0GDD0E-00  (.0000CE+00  0.G0CO0E-D0
7 11) 0.00000E<00  0.00000E+00  0.0CDOOE+00  ©.00000E+00  ©.Q0Q0CE+00  0.0CQO0DE+O0  ©.00000E«D0  ©.000CCE-Q0  0.C0BODE+00
S0 121 0.00000E+00 0.00000E+Q0 0.00C00E+Q0 0,00C00E+00 0. 90000E+00 0.CCOQ0E~CD 0.0G000E+00 C¢.0000CE+0D 0.COCAO0E+QO
Tr13y 0.00000E-00 0.00D00E+D0 0.00000E+QD C.00000E+00 0. 0000CE+00 0.00000E+CD 0.00000E+DO C.COGO0E+QD 0.C0C00E+DQ
2 14} 0.00000E+D0  0.00000E+00  0.00000E+00  0.00COOE+0C  0.0000CE+0C  0.00000E+CO  C.00000E+DO  0.00C00E«00  0.000ODE+0Q
tZ 151 0.00000E+00 0.00DQQE+00 0.00000E+00 0.00000E+0C C.0000CE+Q0 ©.00000E-CD 0.0CH00E+CD C.2000CE+QD 0.COQ00E+0D
NpO2~ NpO20H (aq) NpQ2 (OH) 2= Np02CO3- NpO2{C03)22~ NpO2 (CO3)I==- Am+++ AMCO3+ Am({CO3}2-
1) ®B.12705E-D4 T.72186E-10 2.04381E-16 1.33526E-07 1.98384E-11 1.25197E-16 C.Q0000E+0D 0.00000E+00 0.00000E+00
s 2y 1.72085E-04 4.57851E-10 2_.55303E-16 1.33573E-07 7.06677E-11 1.58546E~15 0.0COD0E+DD C.COCO0E+QD 0.00C00E+DD
©: 3] 5.08519E-05 1.01826E-10  3.76383E-16  1.33S91E-07  2,35201E-16 1.81540E-14  0.00000E+00  C.GO0DCE+00  0.GOU00E+00
e 41 3.34101E-07  1.76339E-10 1.9%%83E-14  1.33613E-07  3.64205E-08  4.20660E-10C 0©.0CO00E+00  C©.CDODOE+00  0,GODDOE+00
%) 3.B6807E-08 1.73507E-10 1.63614E-13 1.33630E-07 3.14571E-07 3.13656E~CB 0.D0000E+00 0.COCO0E+QD 0.CO000E+00
€) 1.70494E-D8 1.71248E-10 3.61806E-13 1.33654E-07 7.13649E-07 1.61312E-07 ¢, 00000E+00 0.C00DOE+Q0D 0.00G00E+00
5) 71 9.49458E-0% 1.68316E-10 §.28105E-13 1.3368BE-07 1.28137E=-06 5.19502E=-07 C.00000E-00 G.CODOCE+QD 0.00000E+0Q
"l 8) 5.B2643E-0% 1.64433E-10 9. 78743E-13 1.33737E-07 2.0879€E-06 1.37733E-06 0.0CGCO0E+00 0.COD00E=00 0.00CD0E+0D
' ) 3.76324E-09 1.59617E-10 1.4291%€E-12 1.33806E-07 3.23222E-06 3.29354E~06 0.0C000E+0D 0.00DOCE+QD 0.00G00E-00
101 2.50841E-0% 1.53583E-10 1.99131E-12 1,33905E-07 4.85191E-06 7.398735E-06 0.0C0Q0E+CO 0.000C0E+TD 0.00QC00E+00
13)  1.70329E-0% 1.46370E-10 2.67C40E-12 1.34044E-D7 7.13717E-06 1.59398E-C5 ©.0COQQE+CO 0. 000DQE+D0 0.00000E+0Q
12) 1.17432E-0% 1.38078E-10 1_46327E-12 1.34242E-07 1.03463E-05 3.328%73E-05 0.00000E+00 C.DO08CE+DD 0.00000E+DQ
13 B.18986E-10 1.28920E-10 4.3585ZE-12 1.34522E-07 1.48219E-05 6.77047E-C5 0.0CO00E+CO C.COCDCE-Q0 0.C00C0E+0DD
14) 5.77222E-10 1.192035E-10 5.33952E-12 1.34516E-07 2.10028E-05 1.34208E~C4 0. 0G000E+DO 0.00060E+Q0Q 0.00C00E+D0
151 4.11022E-10 1.09291E-10 5.38945E-12 1.3546BE-07 2.94209E-05 2.5B546E-04 C.0CQ00E+DD ¢.C0C0CE+00 Q.008B0E+CD
AM(CO2)3=- AR{OH) 2+ AM(OH}3 (ag)  The+et UO2er NpO20H (aged)_ NpO20H (amor) _ NaNp02CQ3 (s)_ Na3Np0O2{CO3)2
1}  Q.00000E~QQ 0.0C0000E+D0 0.00000E+D0 0.C0000E+DC 0.00000E+00 0.00300E+0Q0 0.00000E+00 5.59932E+00 0.0C000E+00D
p 21 ©.00Q0QE+DD 0 .00000E+00 0.00000E+00 0.CO0C0E+CO 0.C0000E~00 0.00000E+00 0.00009E+00 $.99718E+00 0.00000E+00
3}  0.00000E+00  0.00DOOE+D0  0.00000E+CC  C,COQ00E~00  ©0.00000E+00  0.0C0000E+CO  O,00000E+00  2.59622E+00  0.00000E+00
4} 0.0000DE+QO 0.00000E+D0Q 0.00000E+0Q0 C.CO000UE+DD 0. 00000E+00 0.00C00E+Q0 0.00000E+00 % .99473E+00 0.00000E+0DD
g 5} ©.00000E+DD 0.00000E+00 0.00000E+00 0.00000E+00 0.000DOE+JD 0.00C00E«0D 0.COCOOE+0D 9.99250E+00 0.0C0C0E-0D
W &) 0.00000E+Q0 0.00000E+00 0.00000E+DG 0. 0COGOE+DD 0.00000E+00 0.00000E+00 0.CD00DE+DD 9.5H331E+00 0.00000E+00
e 7} ©0.00000E+00  0.00000E+0D0  0.0000QE+dC  C.0COGCE+00  0.00000E«00  0.Q0000E+00  0.00000E+00  9.5B8478E+D0  0.COOCOE+QC
8) 0.00000E+00  0.0OGODE+00  0.00000E+00  C.ODOCOE«0O  0.0GOCOE+D0  0.00800E+CO  0.0CO00E«00  9.S7832E+00  0.CCOCOE+OD
2y 0.0000DE~OO 0.00C00E+0D 0 .00000E+00 0.0O000CE+DQ 0.GO0O0DE+DO 0.00000E+CO C.0C0Q0E+00 9 .56914E+0QD 0.0COCOE+OG
101 0.000DOE-0D 0.00000E+00 0.00000E+00 0.0COQDOE+OD 0.00D00E+00 0.00000E+0D 0.00000E+00  5.55607E+00 0.000D0E+QC
11) 0.0D000E+00  0.00COOE+0D  0.00000E+DC  ©.DOOGDE+00  0.DGODOE+D0  0.00000E+00  C.0Q000E+00  §.93751E+00  ¢.00DOOE+0Q
12) 0.D00D0E+00 0.00000E+00 0 .00D0DE+0C 0.00OCOE+DO 0.000C0E+D0 0.00000E+CD C.0C000E=DD $.51117E+00 0.Q0020E+00
137 0.00000E+DO 0.00CO0E+OO 0.00000E+0DD 0.000C0E+C0 0. 00DO0E+00 U.00000E+0D 0. 00000E+00 %, BT7IREE+D0 0.00000E+DD
14) 0.00000E+00 0.00000E+00 0.0600DE+00 C.C00CRE+DO 0.0C0000E+D0 0.0C000E+QQ 0.0CL00E+0D 9 .B211SE+00 C.00000E+0Q
15)  0.00000E-00 0. 00000E+0D 0.00000E+00 0.0000DE«DO Q.C0O00E+DO 0.00000E+CQO C.DGU00E+0D 9.74696E+00 0.00000E+0Q0
AMOHCO3 () Am{OH)3(s)___ Naim(CO312.6H AmPO4(c)_____ CasOd_____ ___ NaK3(S04)2__A CaCl2.6H20___ CaCo0O3 K2804
1}  0.0000QE+00 0.0G000E+QD 0.00000E+0QG 0.0CO00E~DO 0.0GO000E+00 0.00000E+CT 0. 0OCCIOE-OD 0.00000E+OD 0.000COE+ODQ
2) 0.0Q00QE+00 0.0C000E+00 0.0000DE+CC C.CO000E+00 0.00000E+00 0.00000E+C0 C.CO00JE+DD 0.00000E+DC 0.CC000E+00
3} ©.DOO0QE+QQ 0.0C000E+DO 2.00000E+GD C.0000CE~DO 0.000O00E+0Q 0.00300E+00 C.00CDOE+0D 0.00000E+0G 0.000C0E+0D
4} ©.00000E+DO 0. DO0OOE+DD 0.0000DE+CC 0.0COCOE+OD 0.00000E+DO 0.00C00E+CO 0.000002+00 0.00000E+00 0.C00COE+DC
5) 0©.0000QE+D0 0.0G0D0E+DD Q.00000E+CG ©.000CCE+0D 0.0CQ00E+00 0.00000E+CD C.00000E+00 0.000CDE+OD 0_OCOCOE+ODR
6} C.00000E+00 0.00000E+DO 0.00D0DE+CO Q.0CODOE+GO 0.0C000E+00 0.000008+00 0, 0CO00E+0D 0.COQ0OE+DG 0.0C0CDE+GOD
7)) 0.00000E+00 0. 0C000E+DO 0.00000E+C0 0.0000CE+DD 0.0C000E+00 0.00CDOE+DQ C.00000E+0DD 0.00000E+00 0.00000E+Q0Q
81 0.00000E-Q0 0.0C000E+DO 0.00000E+CC ©.0000CE+0Q 0.0CO00E+CD 0.00000E+00 0.000CVE+D0 0. 00000E+GD 0.00000E+CO
%1 ©.000QQE-00 0.00C00E+D0 0.00000E+DD 0.0000CE+O0 0.0C000E+Q0 0.00000E+00 0.0000CE~DD 0.00000E+00 0.0000CE+00
107 0.0000DE+DOQ 0.0D00OE+DQ 0.00000E+CC 0. Q0D00E+00 0.0G000E+CD 4.000C0E+00 0.000DOE+DO 0.00000E+0D ©.0000CE+0QQ
11) 0.00000E-00 0.0C000E+DD 0.00000E+CQ0 0.0CO0CE+O0Q 0.00000E+00 U.0D0GOE-D0 0.00000E+DC 0.00000E+CD 0.0D0DCE+QD
12) C.0QD00E+DO 0.0CGO0DE+00 0.00000E+00 0.00000E+00 0.0C000E+0D 0.0000DE+OQ 0.00000E+0C 0.0C000E+CO 0.00000E+00
13)  0.000D0E+00 0.00000DE+DD 0.00000E+CO G.0CO000E+00 0.0000CE~00 0.000C0E~+OD 0.00000CE+0D 0.0C000EQD 0.00000E+0C
1d4)  ©,00000E+D0 0.0C0D0E+D0 0.000D00E+C0 0 .000D0E+Q0 0.00000E+00 0.00000E+0Q 0.00000E+00 0.0C000E+GD 0.00000E+0D
15) 0.DOODJE+0OQ 0.00000E+00 7.00000E+00 0.00000E+Q0 0.00000E-00 0.0000C0E-0D 0.000DOE+DD ¢.00000E+0D 0.00000E+D0
MgC12 .6H20_ Na2Mg({50412.4 Mg{OH)2____ _ NaSCO3(SO4)2_ CacOl_____ CaClZ.4H20___ CadCl2{0H) 6.1 Ca2Cl2(OH)2.H KMgCll.6H20__
1) ©.00000E+00 Q. 00CO0E-00 C.000D0E+00 0_00000E+00 90.00000E+00 ©.000DCE+0Q 0.00000E+00 0.00000E«DO 0.00000E+DO
21  0.CO000E+0D 0.00000E+0D C.000D0E+00 0 _000DQE+00 0 .00000E+DC 0.00000E+00C 0.00000E+QD 0.00000E+DO 0.00000E«D0
31 0.00000E+00 J.00000E+00 0.00DDOE+DD 0.00000E+00 0.00000E+00 0.0000CE+0OC 0.00000E+00 0.0CCDOE-00 0.00000E+D0Q
4} 0.0000QE+D0 0.00C00E+CO ©¢.00000E+QQ 0.00000E+0C 0.00000E+00 G.00000E+00 0. 00000E+00 0.00C00E+DD 0.00000E+0D0
5}  0.00000E+DQ 9 .00C00E«DC G.0DOGOE-00 0.00000E+C0D 0.00000E+00 C.00000E+0Q Q.00000E+QD 0.0CCO0E+00 0.00000E+CO
&) 0.C0000E+00 0.00000E+00 0.000C0E~-00 0.0000DE+0Q0C 0,00090E+00 G.00000E+0D 0.00000E+00 0.00000E-0D Q. 00000E+00
71 0.C000CE+00 0.000DOE+DC 0.00000E+00 0.00000E+CD 0.00000E+Q0 Q.00000E+00 Q.00Q00E+CD ©.00C0OCE=+00 0.00000E+0Q0
8)  0.00000E+QQ 0.00000E~QC 0.000C00E+00 D.00000E-CC 0.0000CE+OD 0. GOO00E+0D 0.00000E+GO 0.0D0OCE+CD 0.00000E+DD
9) 0.0000CE+00 0.00000E+0C 0.00000E+00 0.00000E+00 0. 00000E+Q0 0.CO000E+QD 0.00000E+00 C.0CO0CE«QD 0.00CJ0E+00
10} 0.CO000CE+00 0.00000E+00 0, 00000E+Q0 0.00000E+00 0.00C00E+DD 0. 00J00E+CD 0.00000E+00 0.C0000E+0D 0.COCO0E+OQD
1i) 0.0000GE+DO 0.Q0000E+D0 0.00C00E+00 0.00000E+00 0. 000C0E+Q0 0.DOO00E+DD 0.003000E+QD 0.00C0DE+QD 0.COCO0E+0D
12)  0.00000E«00 0.00000E+00 0.00000E+00 0.00000E+Q0 0.G00C0E+DO 0.00CO0E+CO C.0CCO0E+DD 0.CO00CE~Q0 0.00CCOE+DD
13} 0.0C00D0E+Q0Q 0 .00000E-0Q0 0.0000CE+QD 0.00000E+DD 0.0G000E+00 0.00C00E-00 0.00000E-00 0. CCOGOE«D0 0.0COCOE«00 -
14) 0.0GGODE+00 0.00000E+00 0.0000CE+Q0 0.00C00E+DD 0.00000E»00 0.00CCOE+QD 0.0CCDOE+DD 0.000C0E+DD 0.0C0CDE+DC
15} 0.0CQ0CE+DQ C.00000E+00 0.60GC00E+D0 0.00CO0E+Q0 0.0CO00E+00 0.00000E+00 0.00C00E+QD 0.00000E+D0 0.00000E«QQ
MgSO4.7H20___ CaMa2{(COM)Z.5 Na2Ca{S04)2__ CasSO4.2M20___ NaCl____ _ MgSO4.6H20___ MMgCLSO4.3H20 KHCO3 ¥gS0d . H20,
1) 0.D0CDOCE+Q0 0.00000E~+00 0.0C000E+QD G.C0000E+QO 0.00000E+00 0.0C0COE+Q0 0.000COE+QD 0.0C000E-DD 0.00000E+00
2)  0.00CDCE+DO G.Q0000E-00 0.00000E+QC 0.000C0E+QD 0.0CD00E+QD 4.000C0E+Q0 0.0000CE~DD 0.0G00DE+0D 0. D00DDOE+OC
2} 0.0000CE+0Q 0.00000E+00 0.00000E+CC 0. 0GOC0E+OD 0.00000E+00 0. 0000OE+00 0,00000E~Q0 Q. 00000E+00 0, 0ODORE+OD
4)  0.00000E+D0 0.00000E+0D 0.0CO00E+CC 0. 00000E+QD 0,00000E+C0 0.00000E+Q0 0.0000CE+DD 0.00Q000E+0D 0.000D0E+QD
5}  0.0DOODE-QD C¢.DO000E+DO 0.00000E+GD 0.CCO0CE+OC 0.00000GE+C0 0.0000CE+CO 0. 00000E+Q0 0.00000E+00 0. 00000E+00
§) 0.0C00QE+DD 0.00000E+00 0.0DODOE+CGO 0.0CO00E+QQ 0.00000E+00 0.0000CE+0Q 0.00000E+00 0.00000E~00 0. 00000E+DO
7} 0.0CCQODE+GO 0.00000E+00 Q.00D00OE+CGC 0.00000E+0O0 0.00000E~00 0.0000CE+00 0.00000E+00 0.00000E+00 0. 00000E+QQ
Bl  0.00000E+00 ¢, 00000E+00 0.00000E+G0 0. 00000E+Q0 Q.00000E+00 0.0000CE+DD 0.00000E+00 0.00000E+00 0.00000E+00
9]  0.0CCQ0E+QD 0.00000E+00D 0.00000E+Q0 0.00000E+00 4.00000E~DC 0.90000E+0DD Q.00000E+00 0.00000E+00 0.00000E+00
107 0.0CCDOE+DD G, 00000E400 0.D000DE+DO 0.0000QE+00 0.00000E+0C 0.00000E+DD 0.00000E+00 0.00CO0E+00 0.00C00E+Q0
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117 0.00000Es0C  0.DOCQOED0  0.00Q00E+00  0.00000E-00  0.00000E<00  0.00D00E-0D  0.00000E<00  0.00000Es0G  ©.000D0E+00
12) 0.00000E+00 C.0O0DOE+00  0.000QOE+D0  ©.00000E-00  0.00000E+00  ©.00CO0E+00  0.0C000E+00  0.00000E+00  0.000COEeCO
13) . 0OODOE-CO  0.0000CE+00  C.DQQ00E+00  0.00000E+00  0.00000E«00  0.000DOE+0C  0.0DDOUEOC  0.00000E-00  0.00000E+00
1% 0.00000E+00  0.0000CE<00  0.000D0E+00  0.00D00ED0  0.0000CE~00  0.00UCOE-00  0.00000E<G0  C€.00000E+00  0.0000QE+00
157 0 00DOCE00  ©.00000E<O0  0.00D0OE+OC  0.00000E+00  0.00000E+D0  0.00000E<00  0.00000E+00  ©.00000E-00  0.00000E+00

K2Mg (504)2.4H NadCa(S0413. 2 MgCO3________ Mg2Cl{OH13.4H KHSO4_______ Na2504.10H20_ XBH6(S04)7___ NaHCl3 Na2C0C3.10B20_
1] 0.00000E+00  O.00000E+GC  ©0.00000E+00  0.0ODOOE+00 0.00000E+00  0.0COCOE-00  O0.00000E+0Q  Q.000CQE-00  0.0D0COE-D0

2} 0.00000E+0C  0.00000E-0C  0.00000E+00  ©.00DOOE-0C  ©.0000CE+00  0.00000E+0C  0.0000CE+0C 0.C0000E-00  0.0C0QDE-00
3) 0.00000E+00 C.00CODE+00  0.00000E+00  0.00000E+CC  0.0Q000E+00  0.00000E+0C  C.00000E~0C 0.00000E+00  §.0C0GOE+Q0
&) 0.00000ED0 O.0OCCOEs00  0.GQOCQE+0C  ©.00000E«00  D.DO00OE+00  0.000COE-DG  0.00000E-CO ©.0C000E+00  C.00D0QE+DD
S} 0.00000EsD0  O.0DODOE-D0  C.J00C0E+00  C.00000E+00  0.00000E+00  0.00000E-00 0.000C0E+00  0.0C000E+CC  D.00000E-00
6) 0.0G0Q0E+00 0.00000E+0O0C 0.00000E+00 0.000C0E+00D C.00DDDE+00 0.00000E~QC 0.00000E+CO Q.00000E+00D 0.00C00E+0D
7% ©.00CO0E+0C  ©.QDODDE+OC  0.CQOOCE+00  0.00000E+00  ©.00000E+00  0.000GOE+0C  0.0000CE«CO 0.00000E-00  0.CO0DODE-00
8) 0.00000E+0C  ©.00000E-OC  0.COCUOE+DC  ©.00000E-00  0.00000E+00  0.000C0E+00  C.00Q00E+OC  0.00000E-00  0.0000QE-0D
9) ©. QDOOOE-QG C.DOOODE+O0  0.00000E+00  ©.00000E-00  0.00000E+00  C.00Q0CE<0C  ©.00000E+00 C.00000E+0C  ©.COD00E+00
10) 0.000CDE~00 0.00000E+0D ©.000C0E~D0 0.00C00E-00  0.00Q0DE+O0  ©.00CDOE~CO ©0.C0DCOE+OC  ©.00000E+00 0.00CDOCE+CO
11} 0.00DDDE+DD 0.00000E+CD G.00000E+00 0.00000E+00 0.00000E+00 C.CODOOE+CC 0.0COODE+00  ©.COQOQE+0QQ 0.00000E-CO
12} 0.00000E+00  0.CODOOE+GC  0.00D00E+00  ©0.000C0E+0C  C.00000E+0C  0.00000E+CC  0.000C0E+0C  0.CO000E«00 0.00000g-+00
13) 0.00000E-00  C.0CODDE«DC  0.0O0CDCE+00  0.00000E+00  0.00000E+00  0.00000E+0C  0.00000E+00  0.0000QE+00  C€.00000E+0C
14} 0.00000E+G0  C.00000E<00  C.0DODOE+00  0.00000E-00  0.COO0QE+00  0.000C0E+CC  C.00000E+OC  0.00D00E+00  O.0C000E+0C
15) 0.00000E~00 ©0.0C00DE+DD C.COO00E+0D 0.00000E-00  ©0.00D000E~0D 0.000C0E+00 0.00000E+0OC ©.00000E~00 0.00CDDE+Q0
MgCO3 .3H20___ K2Mg(S04)2.6H Na2Ca(C03)2.2 K2MgCa2 (SO4) 4 CaloH)2 K2C03.3/2H20_ K8H4 (C03)6.3H KNaC03 .E€H20 _ K2NaH(C0312.2
1) 0.00000E+D0  0.00D00E+DC  C.00COO0E+DD  0.00000E+00  C.00DOCE-0D  0.00000E+0C  0.00000E+00  0.0C000E+00  ©.0000CE+00
2) 0.00000E+00  0.CQ00CE+00 ¢ ga 0. 00  ©.00DDOE+DC  0.DDCDOE-OC  0.DDODCE+DC  0.COODOE+0OD  0.0DOOQE+00

3) 0.00000E+00 C.00000E-0O 0.00000E-C0 0.00000E+00 0.00000E+0C {.CC00DE+00 ©.0000CE+D0 0.C0000E+00 0.0000GE+CO

4) 0.0C000E+C0 0.CG0000E+QD C.00000E+CO 0.00000E~0Q0 0.00000E+00 0.00000E+DO 0.D0000E+00 0.00000E+0CC ©.C0000E+0D
S} C.0CCOQE~0OC 0.0CO00E+D00 0.00000E+C0 0.DC00CE+Q0 0.0000DE+DO 0.00DODE~DD C.00C00E-00 0.00000E~CC 0.00000E+00
€) ©.00000E+DC  0.0DOOOE«Q0  ©.Q0000E+0Q  0.0D0000E-00  0.0000CE+00  0.0CDOOE+00  .00000E+00  0.0C000E+GC  0.0CCOCE+00
7) 0.,00000E+0DC 0.00000E+00 C.000C0E+00 0.00000E+00 0.00000E+0D 0.CO000E~DD 0.00000E«00 0.0C000E+DO 0.00000E~00
8) ©0.Cc000CE~0D0 0.000C0E+00 C.00000E+00 0.D00ODOE+CO C.00000CE+0D 0.00000E+00 0.000COE+Q0 0.00DD0OE+DD 0.0C000E~0OD
%1  0.CDODCE-DD 0.00000=+C0 0.0000CE+0D 0.0D0DDOE+CO C.00D0OOE+Q0 0.00000E+0D 0,00000E+00 Q,000D0E+D0D 0.CCO00E-00
10) 0,00000E+00  0,G0000E+00  0.0DOOOE+00  0.C0000E+00  0.00000E«OC  ©.OCO0OE+O0  0.00DODE+D0  0.00000E+CC  0,00000E+CC
11) 0.00000E+00Q 0.CG0000E+00 0.0000CE+00D 0.00000E+00 0.00000E+DC 0.00000E«0C 0.00000E+00 0.0CQ00E~CD 0.00000E+COD
12) ©.00000E+QC 0.00000E+00 0.00000E+0G0 0.0000CE+Q0 0.0D000E«0D 0.00000E+00 0.00000E+00 0.00000E+00D 0.00000E+0C0
13) ©.00000E+00  0.0DGOOE+0Q  ©.00000E+DC  0.DO0O0E+0Q  0.0000CE+00  D.0OOQODE«DD  0.00QQ0E«0C  0.0D000E+OC  C.00000E+DO
14) 0©.00000E+DC  O.DOOOOE+DO  D.QO000E+DG  0.0DCOOE+00  0.0000CE+00  D.OO0QQOE+00  0.00000E400  0.00000E+00  0.O0COODE+00
15) ©0,0000CE+O0  0.00000E+30  C.000QUE+DC  0.DOCDOE+0C  0.0000CE+Q0  0.00Q00E+D0  0.00Q00E+0G  0.00000E+00  C.0CQOOE+00

a3H(CO3)2.2H
.C0000E+CD

KIH(S04)12__Se Na3H(SO4i2_., Na2co3.7H20__ KCl K2Ca(504)2.H2 Mg2CaClé. 12H2 Na2504______ Na2C03 H20____
1)  0.000C0E+0Q 0.0000G¢E~+Q0 00000E+00 0.D0000E+00 0.00000E+0C  0.0ROOOE+CO 0.00000E+00  0.00000E+00
2) 0.0000QE+CO 0.0000CE+Q0 QO000E+DD ©.0D0000E+00 0.0Q000E+OC  0.0CGOQE+CC  0.00000E+00 0.00000E+DC .00000E+C0
3)  0.0000Q0E+CO 0.00000E+00 QOODOE+CO  0.0C00DE+QO 0.00000E+00  0.00DOOE«CO 0.00000E+00 0.00000E+CD .00000E+00

o

o

[¢]

a

N
Y
o
0
4) 0,000C0E+DQ 0.00000E+00 QOCODE+OC  0.00000E+00  Q.0DDODE+0C  O.00QOOE+CC .00000E+00  0.C0Q00E+OC 0.00000E+0C
0
[¥]
o
a

$) 0.00000E+D0 0.00000E+00 OC0QOOE+CC  0.00000E+00  0.00000E+0Q 0.00000E+00 -000C0E+0D 0.00000E+00 .00000E+0D
6) 0,0000QE+OC 0.00000E+Q0 .QDO00E+00  0.00000E+00  0.00000E+00 0.000C0E+DD -0BO0OE+D0 0.00000E+C0 .0D00DE+0D
7) D.0DOCOE+CO 0.C0000E+00 .000C0E+00D 0.00000E+0D0 .DDOCOE+00  0.0C0QOE+00 .000D0E+DO
8] 0.00000E+Q0Q 0.00000E+00 CCCO0E+00 0.00000E+D0 .00000E«CO  D.J0QCQE«00  C.OQCOOE+O0Q 0.00000E+00 -00000E+00
9} 0.00000E~00 0.00000E+00 .QCOOCE+Q0 0.00000E+00 .00000E+00 0.00000E+00  0.CDOOQE+QQ 0.00000E+00  0.00Q00E+D0
10) 0.000COE+0C  0.00000E+00  0.00CQ00E+0C  0.00000E+00 .0000CE+00  0.00000E+00  C.CDOOOE+Q0  0.000Q0E+00  0.00000E+00
11} 0.00000E+QD 0.00000E+00 0.00C00E+C0  0.00000E«00 .00000E+00  0.0Q00CE+00  0.CDODOE+0C  0.00000E+00  Q.0000QE+D0
12) 0.0C000E+00 0.00000E+Q00  0.0DOOOE+Q0 0.00000E+00 0.000QOCE+00 O0.0ODCOE+OC C.00000E+O0C 0.00000E+00  {.0000CE+D0
13} 0.000Q0E+0C 0.00000E+00 C.00000E+00  0.00000E+00 0.000C0E+0C ©.00000E«00  O0.0DOOOE+00 0.00000E+00  0.00COCE~CD
14} 0.0D0CO0E+0OC  0.00000E«00  0.00000E+00 0.00000E+00 0.00C0Q0E+0C  O0.000Q0QE+0C 0.000COE«0Q  0.00000E+00 0.0DCCQ0OE+«CO
15} 0,06000E+00 G.00000E+G0  C.000G0E+00  (.00000E+00  0.00000E+00  0.00OODE+0C  0.0DODOE-DD  0.000DOE-DC  £.DDODOE«0D

Q0000E+0C  0.0000CE+00

DDA QDOO0O0

cooo0ao

Ra2B407.10H20 B{CH)3 KBS08.4H20____ K2B407.4H20__ NaBO2 .4H20____ NaB308.5H2C__ NaBO2 .NaCl.2H
11 D0.00000E+00  0.0DODQE+0C  C.D0000E+O0  ©.00000E+00 0.00000E+0C  0.00CODE+00  C.0DDOOE+00
2} 0.000C0E+0C  0.00000E~00  0.DOCCOE+00  0.00000E+00  0.000Q0E+00  0.0DQ00E-00  C.ODOOOE+00

3) 0.00000E+00 O0.00000E+00  0.DOOCOE+00  C.0000CEOC  C.0O0000E«CO  0.00C00E+00  G.0DDOOE«00
4} OC.0C000E+00 0.0COOO0E-0C - G.0Q0COE+00 C.0000CE+00 0.00000E+00 0.0J000E+0C  C.0OCOCE+00
51 0.00000E+00 0.00000E+00 C¢.DO0CCE+00 C.00000E+00 0.00000E+CO 0.00C00E~D0 C.00D000E+00
6) 0©.00000E+00 0.00C00E+DC C.DO00QOE+00 {.00000E+00 0.GQ000E+CD G.00000E+00 0.00CD0E+00
7} 0.00000E+00 G.0000JE+00 0.CCO00E+00 0.00000E+00 0 .C0000E+0D C.C0000E+00 G.00000E+D0
8) 0.00000E+00 ©0.000CCE+00 ©.CODOCE+00  0.00000E+00 0.00000E+C0  ©.O0CO00E+D0  0.00000E+0C
9) 0©.0000CE+C0 ©,000CCE+00 0.DOJOOE+00  C.00000E+00 0.0CO00E-OC  ©.00000E+D0  ©.C0O00DE+DOD
10) 0.00000E~CO Q.0CO0GOE+DD 0.00000E+O0C ©.00000E+00 0.00000E+0C 0.00000E+0C 0.00000E+0D
11) 0.00000E+00 0 .00006E+00D 0.00000E+00 C.00000E+00 0.00000E«D0C 0.00000E-00 0.00000E+00
12) O0.00000E+0C O.0000DE+CO  C.OOCOOE+00  ©.00000E+00 0.00DOCE-00 0.00COCE+CC  ©.0DO00Es00
13} 0.00000E+00 0.00030E+GG  C.GOCOCE+D0 0.00000E+00 ©.00000E-00 0.00D0QE-DD  D.DDODOE+DO
14} 0.CO000DE+00 C.00000E~D0 C.CO000E+D0 0.00000E+00 0.0D000E+00 ©.00000E+00 0.00C00E~00
15} 0.CO000E+00 0.00000E~DD ©.0C00CE~+0D 0.00000E+00 0.00000E+00 0.00000E+00 0.00Q00E+00
IonicStreng Eh{=}Volts TitrVel,ml pH

1) 5.61119E+00 ©.00000E+0D 0.C0000QE~00 5.3205

2)  5.61031E+00 €.00C00E«00 0.10000 5.6451

3) 5.61008E+C0 ©.00000E+00 0.14251 5.9936

4} 5.61006E+00 ©.CODCDE+DC 0.20309 7.9427

5)  5.61049E+00 0.C0000E+0D 0.28943 8.8722

6)  5.61112E+00 0.00DCOE+0D 0.41246 9.2225

7 5.61202E+00 0.00000E+QD D.58780 9.4695

8) 5.61310E+00 ©.00000E=00D 0.83768 9.6719

9)  5.61513E+00 0.00C00E+00 1.1938 9.8493

10) 5.61774E-+00 ©.00C00E+OD 1.7013 10.010
i1) 5.62149E+00 ©.00000E+00 2.4245 10.158
12) 5.62685E+00 0.00000E+00 3.4551 10.295
13}  5.63455E+00 Q.0D000E+D0 4.9239 10.424
14} 5.64559E+00 0.00000E+00 7.0170 10.545
15)  5,66143E+00 0.00000E+00 10.000 10.659
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Appendix S: Sample OQutput File “Np_NaCl_BM_LIN.TITRATE”
Benclmark TITRATE Problem, LINEAR cptien; Mp(V)C2 with CO3 in 5 .6lmolal NaCl FMT V2.0
£ DRTABASE: HMWBA/FWB6: Np(V)-Na=CO3-DH-C1-ClO4 (NR94):
+ 85.01,31 AmiIIl}-Na-Cl-CO3-504-PO4 (FRSREY, FRFS0, PSL. RFFR92, RFF94, RRFF34)
o Titrant Volumes per Grid Block. in milliliters
z 0.000000 mL
0.180000 mL
0.200000 mL
0.300000 mL
0.400000 mL
0.500000 mL
0.6C0000 mL
0.700000 mL
0.800000 mL
0.900000 oL
1.000000 =L
1.100000 mL
1.200000 mL
1.300000 mL
1.400000 mL
i% Titration Results, molal
i
H20 Na+ K+ Cas+ Mg+e MgOH+ H«+ Cle S04=
1) 1.52928E+01 5.61057E+00 0.0DOODE+D0  ©.00000E+0D  O.0CO00E+00  0.00000E+~00  1,21872E-06 5.61096E+00 0.00000E+0C
2] 1.92978E+G1  5.61014E+0D  0.00000E+0D  0.0Q00COE+DO  0.000008+00  0.00000Es00  5.77346E-07  5.60993E+00  0.000CDE+0D
33 1.93027E+81 5.61000E+00  0.DDCOCE+00  0.COOGOE+00  ©.00000E+00  0.00000E+00  3,87609E-09  5.60892E+00  0.000COE+0D
4} 1.83077E+01  5.61000E+00  0.00000E+00  0.000COEZ+00  ©.0D00OE+00  0.0O00COE+00  3.09202E-10  5.60789E+00  0.000DOE+00
5) 1.93127E+C1  5,51000E+«D0  0.00000E+00  0.0DOQOE+0C  0.0000QE+D0  0.C0OGOE+00  1.61951E-10 5.60685E+00  0.00000E+0D
&) 1.93177E+0)l  5.51000E+00  0.0000CE+0C  0.000COE+CC  ©.00G0Q0E+00  0,0000OE+00  1.10445E-10  5.60582E+00  0.00000E+00
7] 1.93227E+01  5.61001E«00  0.00CDCE+00  0.00CCOE+00  C.O000QE+00  0.00000E+00  8.42045E-11  5.60479E+00  0.00000E+0D
g1 1.93277E+01  5.61001E+D0  0.00C00E+Q0  0.0CCCOE+O0  C.O0COOE+00  0.GO0COE+00  §.82955E~11  5.60375E+00  0.CDO00E+00
§] 1.93327E+61  5.61001E+60  §.0000DE+DO  0.0DDDOE«DD  0.0000DEs00  D.GOOGDE+OD  5.76161E-11  5.60272E+0Q  ©0.00000E+00
10} 1.933778+0%L  5.61C0YE+Q0  0.0G0O00E~-DO  0.000D0E+D0  O.0GOOOE+0C  0.00000E+OC  4.99485E-11  S.60L69E+00  0.00C00E+00
11} 1.93427£+01  5.61001E+00  0.0C000E+DO  C.00000E+00  0.00Q00EsOC  0.00000E+00  4,41741E~-11  5.60066E+00  0.00COOE+0D
12) 1.93477E+01 5.61002E+00 0.00000E+0D  ©.00000E+C0  0.0CQDDE+DC  0.0D0000E+0D  3.96673E-11  5.59962E+00  0.00CCOE+00
13) 1.93527E+01  5,61C02E+00  0.00000E+00  C.0Q000E+CO  0.D0000E+00  0.0Q000E+00  3,60509E«1l1  5.59859E+00  0.00CCOE+D0
14) 1.93577E+01  5.61002E+00  0.0D000E+0D  0.08000E«GO  0.G0000E+00  0.CO00DE+00 3 .3083BE-11  S.S%756E+00  0.000CGE+00
4 18) 1.93627E+Dl  5.510025+00  0.00000E+00  0.00D00E+00  0.0000OE+00  C.0O00CE+O0 3. 0604BE-11  5.59653E+00  0.00000E+00
4z
i HE04 - o8- HOG3 - co3= co2{aq) caCo3 (aqg) MgCO3 tag) B(CH) 3 (ag) B(OH}4-
- 1] ©.00CO0E+CO  3.01685E-G9  2.26571E-04  3.093B4E-08  3.B6103E-04  0.0CCOOE+00  0.0COOCE+CO  0.00GGUE+D0  0.CCDODE+00
27 ©.DCOODE+DO  6,37D2DE-D8  3.82212E-04  1.101%6E-07  3.08476£-04 0.0CCOOE+00  0_00G00E+GO  0.00000E+80 0 _80000E+00
3} 0.DO0DOE+D0  5.49137E-07  9.89705E-04  4.25167E-05  5.36072E-06  0,00000E+00  G.QUGCOE+00  0.00000E+00  0.0ODJOE+00
4) 0.00000E+00  1.19027E-05 1.01025E-03  5.44263E-04  4.36260E-07  0.DOODOE+0D  0.00C0OE+00  0.0CO00E+00  0.00COOE+0C
5)  0.000008+00 2,37338E-05  1.02124E-03  1.05085E-03  2.20850E-07  0.00Q00E+00  0,0Q000E+0C  0.000Q0DE+0D0  0.00QCQE+00
&) ©.00000E+00 3.33488E-05 1.03174E-03  1.55739E-03  1.58957E-07  C©.COODOE+DD  0.0O0DOE+00  0.COGOOE+00  0.000COE+00
7)  0.000002+00  4,37ST9E-05  1.04196E-02  2.06377E-03  1.22321E-07  ©.CO000E+00  (0.0G0OCE+00  O.00COCE+00  9,000D0E+D0
§) ©0.00000E+Q0  5.39719E-05 1.05196E-03  2.56997E-03  1.00104E-07  0.000CCE+00  0.0CDOCE+GO  0.000COE+00  0.C0OD0CE+D0
S} 0.0Q000E+00  6.40010BE-05  1.06176E-03  3.07597E-03  €.51877£-08  0.0CCDOE«D0  0.00000E+00  0.00Q00E+00  O.D0000E+DO
10} ©0,00000E+00 7.38545E-05 1.07138E-03  3,58175E-03  7.44762E-08  0.0CCOCE+00  0.00000E+DC  O.00Q00E+00  0.CCODDE+00
11} 0.00000E+00  8.35411E-05 1.08082E-03  4.08730E-03  6.64082E-08  0.0CCOCE+D0  0.0DOOOE+GC  0.000COE+00  C.GOOODE+DO
12) 0.COQ00E+00  5.306878-05 1.09010E-03  4.59262E-03  6.01101E-08  0.00000E+00  0.00000E+00  0.0000DOE+DO0  ©.OQOO0E+DO
13} 0.000COE+00  1.02445E-04  1.099238-03  S.09770E-03  5.50552E-08  6.00GDOE+00  0.COQOD0E+00  0.000DOE+00  0.00CCOE+00
14} 0.000C0E+DC  1.11676E-04  1.10821E-03  5.60253E-03  S.09071E-08  C.00000E+00  0.CCOOCE+D0  ©0,00000E+00  0.00000E+00
15} ©.00000E+00  3.2076BE-04  1.11706E-03  6.10711E-C3  4.74407E-08  0.0J00C0E+00  0,00000E+00 0.0000OE+Q0  0.0000DE+00
(missing species have zero amounts)
NpOz+ RpO20H fag) NpOZ {OH}2-  NpO2CO3- NpOZ(CO3)2=- NpOZ (C03)3==- Amee+ AMCO3+ Am(CO3} 2~
1) 6.12705E-04  7.72186E-10  2.04381E-16  1.33526E-07  1.98384E-11 1.25197E-16  0.00DOOE+OG  0.CO000E+GO  O.COQOOE+0Q
2} 1.72085E-04  4.57BS1E-10 2.55903E-16  1.33573E-07  7.06677E-11  1.58546E-15 0.00000E«00 0.COQ00E+C0  0.00000E+00
3)  4.46247E-07  1.76B65E-10 1.47303E-14  1.33612E-07  2.72677E-08  2.35800E-1C  .00COQE+00  ©.00000E+OC  0.00DDOE+00
&) 3.48770E-08  1.73300E-10 1.B1034E-13  1.33632E-07  3.4@8TEE-0T 3.G5776E-G8  0.00000E+GT  0.00000£+GG  C.00000E+GO
5) 1.80727E-08  1.71468E-10  3.42173E-13  1.33651E-07  6.73247E-07  1.43575E-07  0.00000E+C0  0.00000E+00  ©.000ODE+DO
6] 1.22005E-08 1.69754E-10 4.97012E-13  1.33671E-07  9.97249E-07 1.14830E-07  0.00000E4C0  €.00Q0QE+00  0.COO00E+CO
7) 9.21138E-09  1.681208-10  6.45975E-13  1.33690E-07  1.32081E-06 5.51937E-C?  0.00000E+0C  C.00000E+C0  0.00000E+G0
2;  #) 7.40067E-09  1.66553E-10  7.89467E-13  1.33710E-07  1.64391E-06 B.54484E-C?  0.00000E«00  C.COQQQE+0C  0.00DD00E+0D
H %) 6.18630E-09  1.65046E-10 9.27855E-13  1.33729E-07  1.96653E-06 1.22205E-06  0.00000E+00  0.CCOOQE+00  0.00000E+00
10) 5.315313E-09  1.63585E-10  1.06147E-12  1.33749E-07  2.28868E-06 1.65423E-06  0.00000£+00  O.0CO0OE+00  0.000D00E+00
"+ 11) 4.66017E-C9  1.62195E-10 1.19063E-12  1.33768E-07 2.61033E-06 2.150S9E-06  C.0OCOOE+00  0.000QQE+00  0.00000E+0C
12) 4.14945E-09  1.60844E-10  1.31559E-12  1.33788E-07  2.93150E-06 2.71072E-06  0.000C0E+00  0.00008E+00  O.000COE+00
12)  3.74015E-09  1.59537E-10  1.43661E-12  1.33807E-07  3.25216E-06 3.33418E-06 (.000DDE+D0  0.000UCE+00  §.0000OE+0Q0
14) 3.40480E-09  1.58274E-16  1.55392E-12  1.33§275-07  3.57233E-06  4.02056E-06  0.0CDO0E+DO  O.0DDGOE+00  0.0Q0DGE+DD
15) 3.12502E-09 1.57050E-10 1.66773E=12  1.33B46E-07  3.B9L99E-06 4.76942E-06  0.00000E+DO  0.0CO00E<O0  0.00000E+00
AM(C03) 3=~ Am (OH) 2+ AM(OHI3(ag)  The++s UOZ++ NDO2ZOH (aged) | NpO20H (amor)_ NaNpO2CO3 {s)_ NalNpO2 (C0312
1) 0.00000E+00  0.000DOE+0C  C.O0O00E+0D  0.00CGOCE+00  0.0000CE<GO  0.00000E+00  0.00000E+00  9.8%932E+00  O.0O00DOE+OD
2) 0.00000E+00  Q.00DDOE+OC  0.00000E+0C  0.0000DE+00  O.0QODCE+DC  0.00Q00E+00  0.0D0000E+00  9.99718E400  0.000OGE+Q0
3} 0.00000E+G0  ©.00000E+00  ©.00Q00OE+0G  0.0000DE+00  0.00000E+D0  0.00000E+00  0.0CO00E+QQ  9.95481E+00  0.C000DE+00
4) 0.000COE+GD  ,Q00D0E<00  ©.0D00D0E+G0  0.00000E+00  0.QC0QUE+00  C.00000E+D0  0.00000E+DD  9.99222E+80  0.0O0DOOE~DD
-4 5} 0.COD0DE+DO  ©.DOODOE+00  ©.000D0E+0C  0.00000E+08  O.DCDDDE+D0  ©.COOGCE+DD  0.0000CE+GO  9.9B964E«00  C.DOOODE+0O
¢ §) 0.00D0DE+CO  ©0.0000CE+00  0.00000E«00  0.00000E+00  0.0C000E+00  0.0CO00OE+00  0.00D00E+C0  9.98705E+00  0.00000E+Q0
¥ 7) D.O00OCE+DD  ©.0D000CE+DO  0.C0000E00  0.00Q00E+0C0  0.00000E+00  0.ODOQOE+DD  0.00000E+0C  9,98446E+0C  0.000Q0E400
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Appendix S: Sample Output File “Np_NaCl_BM_LIN.TITRATE"

101
1
12)
13}
14)
15}

1)
2)
3}
4)
5)
€}
7)
B)
9)
i)
i1}
12}
i3
14}
15)

C.0C000E+00
0.00000E+00
0.00000E+00
C.00C00E+00
0.00000E+00
0.00000E+CC
0.00000E+00
0.00COCE~CO

0.C000Q0E+00
0.00000E-COQ
0.00000E+CC
0.C0000E-CO
0.00000E+CO
0.00000E+00
0.00000E+Q0
0.00000E+00

C.00000E+0C
0.00000E+00
©0.00000E+00
G.00000E+00
0.C000CE+00
0 .CODOCE+0C
0.00000E+00
¢ .C0000E+00

(missing species have zerc amounts)

IonicScreng

| §.61119E+00

5.61031E+00
S.61004E+00
$.61055E+00
5.61106E+00
5.61157E+00
5.61208E+00
5.61259E+00
$.61310E+00
S.61362E+00
S.61413E+00
$.61464E+00
5.6151£E+C0
5.61567E+00
5.61619E+00

Eh{=]Volts
0.00000E+00
0.0C000E+C0
0.CCO00E~CD
0.0C000E+CD
©0.0C000E+00
0.00D00E+CD
0.00000E+CD
0.00000E+00
0.00000E-00
©.00000E-00
0.0000CE+00
©.00000E~QD
0.00000E«00
0.00C00E~DC
0.00C00E«CD

TitrVel,ml
00COQE+QD
.10000
20000
30000
40c00
50000
60000
70000
80000
S0000
1.0000
1.1000
1.2000
1.3000
1.4000

o000 O0ODO00

0.00000E-00
0.00C00E~00
0.00000E-CD
0.00000E+00
0.
Q
o
4]

0000CE~00

.00000E~00
-Q0000E+DC
.00000E+00

5.320%
5.6451
7.8183
8.5167
9.1977
9.3641
$.4821
9.5733
5.6472
9.7095
9.7631
9.8100
9.8517
9.8892
9.9232

0.00000E-00
0.00000E-00
0.0000CE~CO
0.0000CE~DD
©0.00000E+0D
©.00000E+00
©0.00000E+D0
0.00000E+00

C.00000E«00
0.00000E+00
C.0C00CE+00
0.000COE+QD
0.00000E+CD
0.0CCO00E+CC
©0.C0000E~0O0C
©.C0000E~CO

0.
0.

o000 oo

C0000E+00
0C0000E+00
00000E+00
00000E~00
000COE«GC
00000E+D0
COC00E~00
00000E+00

9.98188E+00
9.97930E-00
9.97672E+00
§.97413E-00
9.97156E+00
9.96898E+00
9.96640E+00
9.96382E+00

0.0C000E-00
0.C0000E-0C
C.00000E«00
0.000CGOE+0C
C.000C0E-C0
C.000C0E-0C
C.000COE-CO
0.00000E-0C
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Appendix T: Sample Output File “Np_NaCl_BM.TITRATE” )
Benchmark TITRATE Problem; Np(V)02 with CC3 in 5.61lmclal NaCl FMT V2.0
7 DATABASE: HMWB4/FW86; Np(V)-Na-CO3-OH-Cl-ClO4 (NRS4);
“ §5.01.31 Am{III)-Na-Cl-C03-S04-PO4 (FRSRE9,FRFS0.P21,RFFRIZ, RFFI4, RRFF94}
- Titrant Volumes per Grid Block, in milliliters
g b 0.000000 mL
' 2 0.10000C mL
b3 0.142510 mL
4 [ 0.160000 mL
H 5 0.180000 ml
s 6 0.203090 mL
ik 7 0.22000C mL
< B 0.240000 mL
' 9 0.260000 =L
> 10 0.28943C mL
' 11 0.412460 mL
12 0.587800 mL
< 13 1.193800 mL
. 14 3.455100 mL
& 15 10.000000 =L
2% Tirration Results, molal
A
5 noe Na+ K+ Ca+=+ Mg++ MgOH+ He €l- S04=
£ 1) 1.9252BE+01 5.61057E-00 0.00000E+0Q 0.0CCO0E-CO 0.00000E+00 0.Q0COQE+CO 1.21872E-06 5.61096E+00 0.00000E+00
& 2} 1.92978E-01 5.61014E+CD 0.00000E+00 0.00000E+00 0.00000E+00 0.0C000E~CO 5.77346E-07 5.6C993E+00 0.00000E+00
F4 3} 1.92999E+01 5.61003E+00 0.000C0E-0QQ 0.0CGOQ0E-00 0.00000E+00 C.CO000E+00 2.58815E-07 5.60350E+00 0.00000E-00
57t 4} 1.93007E+01 £.610G1E+CD 0.00000E+00 0.00000E+0Q 0.00000E+00 0 .00COQE«0Q 1.48381E-07 5.60333E+00 0.00000E+00
&5 5} 1.93017E+01 5.61000E+CD 0.00000E+CC 0.00000E+0D 4.00000E+00 0.0CC0DE+0Q 5.09374E~-08 5.60313E+00 0 .00000E+00
L €} 1.93029E+01 5.61000E+CO 0.00000E+0Q 2.00000E+00 0.00000E+00 C.CO0CO0E+DO 2.91107E-09 5.608832+00 0.00000E+00
P 7} 1.93037E+01 5.61000E+CD 0.00000E«CO ¢.0000DE+CD 0.00000E+00 0.C0COQE~Q0 1.18855E-09 5.60872E+00 0.00000E+00
8} 1.93047E+01 5.61000E+C0 0.00000E+0Q0 (. 00000E+C0 0.00000E+00 0.0C0000E+00 6.93877E-10 5.60851E+00 0.00000E+00
&) 1.93057E+01 S.61000E+CD 0.00000E+00 0.00000E+0QD 0.00000E+00 0.00CO0E+00 4.89995E-10 5.608308+00 0.00000E+00
2L 10) 1.33072E+01 5.61000E+C0 0.00000E+CQ Q.0000D0E+Q0Q 0.00000E+0D 0.00000DE+DD 3.42501E-10 5. 60800E+00 0.00000E+0D
¢+ 111 1.83133E+01  S.61000E+00  0.00000E«CO  0.000DOE+00  0.00000E+0C  0.00C00E+00  1.52981E-10 5.60673E+00 0.00000E+00
'Y 12) 1.93221E+01  5.62001E+CC  ©.00000E+00  0.00CDDE+0C  0.00000E+00 0.COCODE+00 B.66958E-11  5.60491E+00  0.00000E+00
13) 1.893524E+01 5.61002E+00 0.00000E+CO 0.00000E+00 0.00000E+00 0.00CGOE-00 3.62542E-11 5.59866E+00 0.00000E+CD
“. 14) 1.94655E+01 5.61007E+CO 0.00000E+00 0.0DCDOE+DO ©0.00000E+00 0.CCGCODE+Q0 1.31074E-11 5.57548E+00 0.00000E+00
L3 15) 1.97830E+01 5.61035E+0C C.00000E+00  C.00000E+0C  0.00000E+0C  O.CCOCOE+00 5.83272E-12 5.50383E+00 0.00000E+00
-z
0 HS04~- OR- HCOI- Co3= €02 (aq} Caco3{ag} MgCO3 (ag} B(OH}3 (ag) B(OH) 4~
- 1} 0.00000E-0Q0 3.01685E-09 2.26571E-04 3.0%384E-08 3.86103E-04 0.00CO0E+CQQ 0.0000CE+CO 0.00000E-0QC 0.0C000E+CD
- 2} 0.D0O0CODE«0Q §.37029E-09 3_82212E-04 1.10196E-07 3.08476E-04 0.00000E+00 0.00000E+0¢  ©.0OC00E+00 0.00000E+C0
B 3] 0.00COCE+CC 1.42122E-08 5.79854E-04 3.72976E-07 2.09764E-04 C.00CODE+QQ 0.00000E~00 ©.00000E+D0 0 .0C000E+CC
£ 4} 0.0000DE+OC 2.47909E-08  7.06447E-04  7.92644E-07 1.46506E-04 0.0000DE+00 0.00000E+GO  ©.COOOQE+D0  §.00000E+0C
“l 51 0.0000CE+00 7.22202e-08 8.74979E-04 2.86004E-08 6.22872E-05 0.0C0C0E+00 0.00C00E+0QD 0.00D00E«D0 0 .00000E+CC
- €] C.0DDODE+O00Q 1.26379E-06 9.92658BE-04 S.€7B0SE-OS 4.03803E-06 0.000COE+Q0 0.00000E+0C 0.0COC0E~-DO 0.Q00COE+00
£ 7)1 ©.0000CE«CO 3.09556E-06 $.99205E-04 1.39957E-04 1.65938E-06 0.0000CE+00  C.00D00E+D0 0.00000E+DC 0.00000E+0D
8} 0.00CQDE«OC 5.30281E-06 1.00274E-02 2.40670E-04 9.72059E-07 0.00000E+00 ©.C0000E+D0 ©.00000E-00 0.00000E+00
9} 0.0O0CCE«00  7.S0SB4E-06 1.00S46E-03  3.41763E-04 6.88224E-07 0.CCCOCE+CO  0.00000E+00 0.00000E+00 0.C0000E+00
10} 0.00000E+00C 1.07451E-05 1.00903E-03 4.90734E-04 4.82685E-07 0.0CCO0E+CO 0.00000E+00 0.00000E-00 0.00000E+00
11} 0.0000CE+0Q0C 2.40681E-05 1.02256E-03 1.11397E-03 2.18331£-07 0.G00C0E+00 0.00C00E~0CD 0.CGC00CE=D0 0.00000E+DD
12} ©.D0CO0E+00  &.24987E-05  1.04073E-03  2.00200E-03  1.25799E-07 0.00000E+D0 ©.00000E+00 0.CO0000E+00 0.00000E+00
13} 0.c0000E+00 1.01B68E-04 1.09867E-03 5.06639E-03 5.5339SE-08 0.000C0E+DOD 0.00C00E+C0 0.00CCOE+Q0 0.00000E+00
14) 0.00000E+00  2.84255E-04  1.27S33E-03  1.64154E-02  2.29195E-08  0.00000E«0C  0.00000E+00  0.000GOE+00  0.00000E+00
15) ©.00000E+00C 6.55397E~04 1.63010E-03 4.83971E-02 1.25492E-08 0.00000E+DD 0.00000E+00 0.00000E+00 0.00000E+00
(missing species have zerc amounts)
NpO2+ NpOZ20H (ag) NpO2 (CH) 2- NpO2C03- NpO2{C03)2=~ NpO2{CC3)3==- Am+++ AmCO3+ Am{CO3) 2~
1) 6.12705E-04 7.72186E-10 2.04381E-16 1.32526E-07 1.98384E-11 1,25197E-16 0.00000E+00 0.00000E+00Q 0.00000E+00
2) 1.720B5E-D4 4.57B51E-10 2.55903E-16€ 1.33573E-07 T.06677E-11 1.58546E-1% 0. 00DDOOE+DD 0.90000E+00 0.00000E+00
33 5.08524E-05 3.01827E=10 3.76382E-16 1.33591E-07 2.3919%E-10 1.81535E-14 0.00000E+00 0.00000E+00 0.00000E+00
4) 2.39307E-05 2.47753E-10 5.38926E-16 1.33598E-07 5.08355E-1C B.19789E-14 0.0000CE+DD 0.00000E+00 0.00000E+00
5) ©€.63303E-06 2.00045E-10 1.26769E-15 1.33606E-07 1.83431E-09 1.06720E-12 ©.00DDOE+00D 0.00000E+Q0 D .00C00E+00
€] 3.34150E-07 1.76340E-10 1.95555E~14 1.33613E-07 3.64151E-08 4.20537E-10 0.00000E+00 0.C0000E+D0 0.00000E+0D
iz 7} 1.38537E-07 1.75190E-10 4.758B7E-14 1.33616E-07 8.97771E-08 2.55580E-09 0.00000E~CO 0.CCOD0E+QD 0.CO0D0E«0C
8) 7.BB49SE-08 1.74579%E-10 8.12402E-14 1.33620E-07 1.54320E-07 7.5507CE-09 0.00000E+0C ©.GCCO0E-QD 0.00000E+00
§) S.S5313E-08  1.74112E-10 1.14749E-13  1.33624E-07 2.19119E-07 1.52213E-08 0.00000E+00 0.0OCCOE+00  0.0DDOOE+00
-z 10} 31.BE794E-0B 1.735C7e-10 1.63619E-13 1.3363CE-07 3.14582E-07 3.13678E-08 0.00000E+00 C.0000CE+Q0 0.000C0E«00
“Z 11} 1.704%6E-08  1.71249E-10 3.61801E-13  1.33654E-07 7.13640E-07 1.61308E-07 0.COO000E+OC 0.000005+00  ©.00000E+00
12) 95.49502E-09 1.6B316E-10 6.28103E-13 1.336B8E-C7 1.28136E-06 5.194597E-07 0.00000E+0OC 0.000Q00E+00 0.00000E+0OC
13) 3.7831SE-09 1.59617E-10 1.42922E-12 1.33806E-07 3.23230E-06 3.29369E-06 0.00000E~00 0.00000E«00 0.00000E+C0
24) 1.17432E-09 1.3B07BE-10 3.46327E-12  1.34242E-07 1.03462E-05 3.32871E-05 0.00000E«00 C.COO00E+Q00  ©.CODOOE+00
1S} 4.11022E-10  1.09291B-1C 6.38945E-12  1.35468E-07 2.94209E-C5 2.58S46E-04 0.00000E+00 ©.CCOOOE+00 O.0O000D0OE«0Q
Am(CO3) 3=~ Am{OH!Z+ Am(CH) ] (aq) Theess UD2++ RNpQO20H (aged}_ NpC20H(amer)_ NaRp02C03 {s)_ NalNpO2(C03)2
1} 0.00000E+00 0.00C00E+00 2.0000CE+CO 0.0D0CCE+Q0 0.C0C00E+CO ©.C0000E+00 0.00000E+00C $.95932E+00 ©.00000E+00
2} O©.CCO00E+00 0.00000E+Q0 0.C0CO00E+00 0.CDOOOE+D0 0.00000E«00D 0.C0000E«00 0.00000E+00 9.99718E+00 ©0.00000E+00
3) ©.00000E+Q0 0.00C00E+QQ 0.00000E+00 0.COO0CE«D0 0.00000E+C0 0.COC00E+Q0Q 0.00000E+~00 §.98622E+00 0.00000E+QD
4} ©.00000E+00  0.D0000E+00  0.00000E+00  0.00Q00E+0C  0.00000E+O0C  O.OCCODE+00  0.0000CE+00 $.995B0E+00  0.0C000E+GO
% S)  0.00000E+00 0.00CCOE+00 0.00000E+0Q0 0.000CG0E-OC 0.000Q0E+00 0.0COCOE+D0 0.0000CE+Q0 9.99531E+00 0.00000E+00
X 6} 0.00000E+0Q ©.0000CE+0QD 0.C0000E+00 0.00000E+CC 0.00000E+00 0.0Q0C0C0E+00 0. 00000E+Q0 9.99473E+00 0.000COE+00
i3 71 0.00000E+G0 0.000CCE+0D 0.00000E+00 0.00000E+00 0.00000E+00 Q. 000C0E+00 0.00000E+00 9.5343CE+00 0 .00000E+00
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Appendix T: Sample Output File “Np_NaCl_BM.TITRATE"

B

9
i
in
12
13
14]
15}

1)
2)
3
4}
5)
€}
7
8)
9}
10}
11}
12}
13}
14y
15}

0.00000E+CC
00000E+00
Q0Q00E-~CO
00000E~0C
00000E+00
QQ000E~00
.Q0D00E+0D
0.0C0C0E~00

cooooo

0.00000E+00
C.0000CE-00
0.00000E+Q0
©.0000CE-00
0.00000E+QD
0 .0000CE«DD
C.000CCE+DO
0.00000E«+D0

0.C0000E-00
0.CO0000E+0C0
0.00000E+00
T.00000E+00
0.00000E+C0
0.00000E+CD
0.C0000E+CO
0.C000CE+00

{missing species have zerc amounts)

IonicStreng
5.61119E+00
5.61031E+00
5.61008E-00
5. 61D03E-00
$.61001E-00
5.61006E-00
S.61014E+00
5.61024E+00
S.61034E+00
5.61049E+00
5.61112E+00
S.61202E-00
5.61513E+00
5.6268SE+00
5.66143E-00

Eh{=]Vcl:ts
0.0C000E+00Q
0.0000QE«00
0.00000E~0C
0. C00D0E-D0
0 .C00COE~D0
0.C00000E-00
C.00000E-00
0.00000E-CO
0.000C0=+C0
0.00000E+00
0.0000GE+G0
0.0CC0CE+CO
0.CCO0DEsDO
0.00000E+00
0.0CO00E~D0

Titrvel.ml
.00000E«D0
10000
14251
16000
18000
20309
.22000
.24000
.26000
.28943
.41245
.58780
1.1938
3.4551
10.000

D00 0DO0O0DO000O0OQ

0.00C00E~00
0.0D000E-00
0.00000E«00
0.00C00E«00
0.C0000E+00
0.00000E<00
0.00000E+00
0.00000E+00

5.3205
5.6451
5.9936
6.235)
6.69%6
7.9427
8.3317
B.5655
8.7166
8.8722
9.,2225
9.4695
9.8493
10.295
10.659

0.
0.
-00000E+00
-00000E-+00

D000 OO

00000E+CO
C0000E~00

00000E+00
CQCO0E+00

-00000E«00
.0000CE+00

0.00000E+00 0.0C00Q0E+00
0.00CDOE+00 0.GCO00E+00
©.00000E+00 0.00000E+00
G.00000E+0Q0 C.C0000E«00
o. oo 6.0 00
0.0000CE+CD C.CODCOE-0QC
G. o0 G.co oc
©.0000CE-D0 0.00C00E«00

9

DWW YW

.99378E~00
9.
-95250E+00
-98331E+00
-9B4TBE«00
.96914E+00
-91117E+00

99326E+00

T4696E+00

0.00000E«QO
©.00C00E+00
0.00000E-00
©.0000CE-00
0.0C000E+CO
¢.00000E+0C
0.0000CE-00
€.C00000E-00
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Appendix U: Sample Output File “Np_NaCl_BM_LOG.MOLES"

Appendix U: Sample Output File “Np_NaCl_BM_LOG.MOLES”

See Table 30 for explanation of this listing.

Benchmark TITRATE Problem. LOGIC option: Np{V)02 with CCJ in 5.61molal NaCl
DATABASE: HMWB4/FWS6: Np(V]-Na-CO3-OH-Cl-ClO4 (NR94):
Am{III)-Na-Cl-C03-S04-PO4 {FRSR89, FRFI0, P51.RFFR92, RFF94, RRFF54)

95.01.32

INITIAL and INJECTED Abundances BEFORE Flashing

Hydrogen 1.1181735300E02 1.1101836300E+02
oeygen 6.15086E1500E+01 1.0550868200E+02
- Sodium S .610000000CE+00 1.56100C0000E+01
Porassium 0.00000C0000E+00 0.0000000C00E+00
Magnesaum ©.00C0000000E+00 0.0000000C00E+00
Calcium ©.0000000000E+00 0.0000000000E+C0
i Chlorine 1.6100000000E+00 5 .6110000000E+00
B Sulfur 0.000C000000E+00 0.0000000000E+00
ty Carbon 2.0000000100E+00 1.0000000000E+01
% PosIon 0.0000000000E+C0 0.00000000C0E+0C
. Neglon 0.0000000000E+CO 0.0000000000E+00
Air 0.0000000C00E+00 0.,0000000000E+00
S Boron 0.0000COD00QE+C0 0.00000000C0E+00
Bromine 0.0000000000E+CO 0.0000000000E+00
< TracerEl 0.0000CCODROE+00 0.00C00000DCE+00
et Thi{IV) 0.00000000C0EDD ©.0000C00000E+D0
= Am{III) 0.00DDOCO0C0ECC ©.00C000000GE=00
uvI) 0.00000C00CDE+QD 0.00C0000000E~Q0
Np (V) 0.000DCCO0CCE+0D 1.00C000000CE+01
€104~ (EL} ©.00CO000000E+00 0.0000000000E+00
Phosphorus ©.00C0000000E+00 0.000D000000E+CO
= Electron 0.00C000C000E~DD 0.0000000000E+C0
i Charge -2.2204460500E-15  -2.3731663200E-15
ot
24 INITIAL and INJECTED Abundances AFTER Flashing
&3 Hydrogen 1.1101736300E+02 1.1101836300E+02
Oxygen 6.150B6BL520E+01  1.0550868150E+02
o Sodaum 5.5200000CR0E+00 1.5610000000E-01
qa Potassium 0.3000000C00E+O0 0.0000000000E+00
5 Magmesium 0.000006C000E+QC 0.6000000000E+00
= Calcium 0.00C0000000E-00 0.0000000060E+00
: Chlerine 1.6100000000E+00Q 5.6110000000E+00
Sulfur ©.00C0000000E+00 0.0000000000E+00
Carbon 2.0000000100E+00 1.0000000000E+01
PosIon 0.00CCODCO00E+0D 0.0000000000E+00
¢ NegIon 0.000C000000E+00 ¢.0000000000E+00
i Air 0.000080C0Q00E+00 0.00000000C0E+00
Boron 0.000000C000E+CD 0.0000000000E+00
- Bromine 0.0C00000000E+0D 0.0000000000E+00
3 TracerEl 0.0000000C0QE+00 0.0000000000E+00
- ThiIV) 0.0000000000E+00 0.0000000000E+00
T E An(III)} 0.0C00000C0DE+DO £.00DDDCOCO0E+DD
ac UV ©.0000000000E+00 0.0000000000E+00
. Np(V} 0.0000C000G0E-00 1.00C0000000E+01
i €104~ [EL} 0.00000C0000E+00 0.0000006000E+00
51 Phosphorus 0.0000000000E+00 0.000C0000COE-00
35 Eleceron ©0.0000000000E+00 0.0000000000E+00
v Charge -2.2204460493E-15 -2.3731663190E-15
3] INITIAL and INJECTED Conecs AFTER Flashing. molal
=2 H2C WATER 5.5502535E¢01
Na« Na- 5.6100000E-00
Xe K+ 0.0000000E+00
Caee Cas+ 0.0000CG00E+00
Mg+ Mg++ 0.0C0CD00E+CO
<3 MgOHE+ MgOH+ 0©.0COCOCOE+CO
£F He He 2.3992707E-12
; ci- Cl- 1.6100000E-00
i So4= = 0.0000000E~00
H504~ HSO4- C.00D000QE«DD
OH- OH- 6.1466486E-03
HCO3- HCO3- 6.1466639E-03
o col= CO3= 1.9938533E+00
: co2 (ag) coz2iagt 2.3684969E-09
2 CaCo3 (ag) CaCD3{ag) 0.0000000E+00
o, MgCO3 {ag) MgCO3 lag)  0.0000000E+00
‘z B(OH) 3 (ag} B(CH}3lag) ©.0000DODE+00
B(OH} 4~ E(OH)4- ©.0000000E+00
B303 (CH) &~ B303(OHI4- 0.0000000E+00
B4OS (OH) 4= B40S (OH) 4= 0.0000000E+00
CaB [OH} &+ CaB{OH]4+ 0.0C0000DE+0D
MgB (OH) &+ MgB{OH}4+ 0.00CCD00E+DD
Br- Br- 0.0000000E+DC
Clo4- perchlorate C104- 0.000C000E+00
R NaOH!lag}...... to.titrate.base.only 0.0000000E+00
& HCL(AQ] oo v v e to.titrate, acid.only 0.000DDDDE+DD
-3 HClo4{aq) . ....to.kitrate. agid.only 0.0000000E+GO

S.5509068E+0L
5.6106128E+00
0.000000CE+CO
¢.0000000E+CO
©.0000COTE+O0
©.C0COCDOE+OC
1.2187250E-06
5.61100C0E+00
0.00000C0E+00
0.0000000E+00
3.0168704E-09
2.2657297E-04
3.0938611E-08
3.8610605E-04
0.0000000E+00
0.0000000E+00
0.0000000E+DO
©.0COCD00E+DD
0.000CC00E~00
©.0C00C00E+CD
©.0000C00E+0OC
0.00000C0DE+DC
©.00C00CDE+D0
0.0000000E+Q0
0.0000000E+00
0.09DDDOCE+DD
0.0000000E+OD
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Appendix U: Sample Output File “Np_NaC!_BM_LOG.MOLES"
0. Q0 0. +00
o 0.0000000E+00 0.0000000E+0D0
PosIcn(OH) lag)..... to.titrare base 0.000000 o0 O. O0E+00
“Z HNegIoni{ag)........ te.citrace.acid 0. 00 0. 0E+00
s Tracer{aqgl..... conservative.tracer 0.0000000E+00 0.0000000E+00
¥ H3PO4 (ag) H3PO4 (ag) ©0.000C000E-00 0.0000000E+00
£2 H2PO4~ H2PC4- 0.0000000E+00 0.0000000E+GO
a3 HPO4d= HPC4= 0.CCOCOOQE+Q0 0.0C000C0E+CO
T PO4=- PO4=- 0.CO0CO0CE-0D 0.000C000E+C0
= NpO2e NpO2- 0.0COCOCOE+CO 6.1270920E-04
-] NpO20H ag} NpO20H{aq} 0.00000C0E+00 7.7215130E-10
NpO2 (OH) 2- NpO2 (CH)2- 0.00COD0CE+OC 2.0438298E-16
NpO2C03~ KpO2C03- 0.000CO0CE+00 1.3352733E-07
3 NpC2(C03}2=- NpQ2{C02}2=- 0.000000CE+00 1.9838516E-11
az NpO2(C03)3==~ NpO2{C03)3==- 0.0D00000CE-0C 1.2519757E-16
% Amees Ames+ 0.00CO00CE+0C 0.00000COE+CO
AmCO3+ AmCO3+ 0.00C000CE+Q0 ©.000COCOE-GO
Am(C03)2- Am{C03}2- C.0000000E+00 0.0000000E~CO
.1 Am(COY) 3=~ Am(CC33i3=- 0.Q0C000CE+OC ©.00000C0DE+0D
: Am{OH!2~ Am(QH)2+ 0.00C0D0CE+0C ©.DODO00COE+DO
Am{QH) 3 {ag) Am(CH13lag! 0.000C00CE+0C ©.000C0C0E+CD
Thesss Thesss 0.00000CCE+00 0.0000000E+CO
U02e- UIVI)G2++ 0.0000000E+00 0©.0000000E~00
NpO20H {aged) NpO20H {aged] ©.00C00CCE+00 0.00000C0E+00

NpO20H (amor) NpO20H (amor} 0.0000000E+00 0.0000000E~CO
NaNpO2CO3(s)____ NaNpO2CO3(s) 0.0000000E+00 9.3393872E+00
NalNpO2{C03)2{s)_DISABLFD DISABLFD (.0000000E+00 0.00C00Q0E-00C
AMOHCO3(e}___ . _AmOHCO3(c) 0.0000C0DE+00 0.00C0C00E+DO
Am{OHI3(s) : e AmM{OH)3(s} ©.CODOO0DE+00 0.0000000E+Q0
NaAm(C03)2.6H20(c) 0.0000000E+00 0.00CO000E+00
AmPO4 (c) AmPO4 {c] 0.000000DE+00 0.00C00Q0E«00Q
CaSO4_____ . Anhydrite 0.0CCODDDE+00 0O.00COCO0E-00
NaK3 (S04)2__Aphthitalite/Glaserite (.0C00000E+00 0.0CO0COOE~DO
CaCl2.6H20 patareticite 0.0000000E+00 Q.CCOOCO0E+0D

Caco3 Aragonite 0.0000000E+00 0.00CD000E~00
K2504 Arcanite 0.CGCOCDOQE+0OD 0.00GOCOOE+00
MgCl2. 6H20. Bischofire C.0000000E+0C O.00CO000QE+DO
Na2Mg (S04) 2. 4H20, Bloedite 0.0000000E+00 O.0000000E+D0
Mg ({OH) 2 Brucite {.0000000E+00 0O.0000000E+CO
NabCO3 (804)2 Burkeite 0.0000000E+00 0.0C00000E+00
Cacol Calcite 0.0000000E+00 0.C0CO000E+CO
CaCl2 . 4H20. CaCl2_Tetrahydrite 0.000000CE+00 0Q.00C0C00E+0O
CadCl12 (OH) 6.13H20__CaOxychloride A 0.000000CE+0C 0.CCOD00CE+CO
Ca2Cl2(0H) 2,H20, Catwychloride B 0.0000000E+00 0.0000000E+30
KMgC13. 6H20, Carnallite 0.0000000E+00 0©.0000000E+00
MgSC4.7TH2ZO_________ Fpsomite 0.0000000E+00 C.0000000E+0Q
CaNaZ (C03)2.5H20_______  Gaylussite 0.0000000E+00 0.0000000E+00Q
Na2Ca{so4)2_____ . Glauberite ©.000000CE+00 0.0000000E+00
CaSQ4,2H20____ Gypsum 0.0000000E+00 0.0000000E+00
NaCl Halite 0.0000000E+0C 0.0000000E+00
MgS04 . 6H20 drite ©.0000000E+0C 0.0000000E+00
KMgC1S04 . 3H20, Kainite ©.0000000E+0C 0.000000QE+00

KHCO3 Kalicinite 0.000000CE+0C 0.0000000E+00
MgS04.H20. Kieserite (.0000000E+0C ©.Q0000C0E+0D
K2MgiS04)2.4H20__ = Lecnite 0.0000000E+00 0.000C000E+00Q
NadCa(SQ4}3.2H20______ Labile_Salt ©.0000000E~0C 0.0000000E+0D
MgCOo3 ite 0.0000000E+00 0.0000000E+CO
Mg2Cl(OH)3 .4H20_______ MgOxychloride (0.00000CCE-0C 0.0000QC0E+00
KHSO4, Mercallite ©.0000000E-00 0.000C000E+00
Na2S04.10H20___ Mirabilite 0.0000C0CE<0C 0.000C000E+00
KBH61504)7 Misenite 0.0000000E+0C 0.000C000E+00
NaMCO3___ __ Nahcolite 0.0000000E-00 0.000CO00E+00
Na2003.10H20____  Natron 0.0000000E-0C 0.0000000E+00
MgCO3.3H20__________ Nesguehonite' 0.0000CCOE+00 0.000C000E+00
K2Mg 1S04)2.6H20 Picromezite/Schoen 0.0000C00E+0C 0.000CQ00E+00

Na2Ca(C0O3)2.2H20_____ __ Pirssonite 0.0000C00E+00 0.0000000E+00
K2MgCa2 (S04)4 .2H20, Polyhalite 0.0000000E+00 0.000C000E+00
Ca(CH) 2 Portlandite 0.0000000E-0C 0.0000000E+00

K2003.3/2H20___Potassium Carbonace 0.0000CCCE+0C 0.0000000E~00
K8HE {001} 6.3H20___K-Sequicarbonate 0.0000C00E+0C 0.000C000E+00Q
KNaCO3.6H20_______ E-Na-Carbonate 0.0000C00E+Q0 0.0000000E+00
K2NaH(CO312.2H20___ Potassium Trona 0.0000000E+0C 0.00000CQE+D0
K3H(S04}2__Sesquipotassium Sulfarte 0.0000C00E+00 0.0000000E+0Q
NalH(SO4)2____ Sesquiscdium Sulface 0.0000000E+0C 0.0000000E+00
Na2C03 . 7TH20. NaZCO03-Heptahydrate 0.000000CE+00 ©.000C0COE+CO

KC1, Sylvite 0.0000000E+0C 0.0000000E+CO
K2Ca {504} 2 .H2C, Syngenite 0.000000CE+0C 0.0000000E+CO
Mg2CaCl6.12H20__ Tachyhydrite 0.0000D0D0E+0C 0©.0000000E+00
Na2sC4__ =~ Thenardite 0.0000000E+00 0.0000000E+CO
Na2C03. K20 Thermonatrite 0.0000000E+0C 0©.0000000E+CC
Na3H(C02}2.2H20 Trona 0.0000000E+0C 0.0000000E«0OC
Ka2Bd07.10H2C Borax 0.0000000E+00 0.0000D00E+QC

B{OH)3 Borix_Acid_Sclid 0.0000000E+0C 0.C0000C0E«CO
KB508.4H20____ K-Pentaborate_(30_C) 0.0000000E«00 C©.00D00QO0E+OC
K2B407.4H20__ K-Tetraborace_ (30_C) 0.00D00D00E+00 C.0DDOOCOE+QC
NaBO2 . 4H20. Sodium_Meraborate 0.0000000E+00 ©.00000C0E+0C
NaBSOS.S5H20 ____ Sodium_ Penraborare 0.0000000E+00 0.00000C0E+QC
17 NaBO2 .NaCl.2H20___Teepleite_(20_C) 0.0000000E+00 0.0000000E+Q0
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Appendix V: Command File FMT_FMTC.COM

Appendix V: Command File FMT_FMTC.COM

°Ss SET noverify
#$§! SET verify

+ 5! PMT_FMTC.COM assigns and fetches user-selected
=85! chesdat and rhemin data base file names,
- 5! assign user-specified input/output £ile names,
oS executes fmt2pd in CMS 1936 nonPA (Performance
. 8! Asssessment) production area
v §
«§! 3 Author: K. M. Aragen
.8 Date: 11717795
$!
« 4 Modifier: S. C. Bakb
v 5 Date: 12713795
Modifier: §. C. Babb
Date: 12/18/95
Reason: use fmt execytable in production area

print identity of fmt executable
add log file and mayl facility
decided not to use mail facility

Modifier: S. C. Babb

Date: 12721795

Reason: name of fmt execurable changed to prefix
“fme_* full name is fmt_£mt2p0_pad6.exe

B T L Lt T T T

Pl - Substring chemdat file name search on valance states, dates,
and/cr fugacity

PZ - Substring rhomin file pame search on valance states and/or dates

P3 - Input File Name {no extension)

1 :8! Turn on erver handling; exit on any error.

2.6 ON error then goto error_exit
<2 % mode = f£Smoded)

an o

! Logic flow

"

LB BLOHLBB N Ky

GOSUB check_filename
GOSUB define_cms_library
GOSUB delete_files

GOSUB get_database files
GOSUB define_ inmpucs
GOSUE define_outpurs
GOSUB start_log

GOSUB start _mail

AR
¥ S A S

gotc terminate
EXIT

I §! Determine if any or all file names are passed as parameters. If not,
5! prompt for one if this is an interactive session;

28! otherwise flag an errcr and exit

e 1

:2 8! Check for Pl - this is the CHEMDAT name field

.eqgs. "BATCH" .and. pl .egs. "*

Lot WRITE sysSoutput -
s ‘Can not run in bateh without a chemdar file name (P1). exiting.”

'8 GOTC errTer_exit

*§ ENDIF
-z §

ek 1]

‘+$ IF Pl .egs. *°
T:s  THREN
38 INQUIRE chemdat _name -

"Enter chemdat £ile name to search on-
i IF chemdat_name .eqs. "° THEN goto €rror_exit
ELSE

LFcE chexcat_name = pl
'S ENDIF
D. 8
“3%! Check for P2 - this is the RHOMIN name field

“4 8!

v % IF mode .egs. "BATCH" .and. p2 .egs. "
Y5 THEN
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ol 1 WRITE sysSoutput -

s GOTO esror_exit
~. § ENDIF
-5
Fi§t

$ IF p2 .egs. "

s THEN

5 INQUIRE rhomin name -

*Enter rhomin file name to Search on”

-8 IF zhomin_name .egs. " THEN goto error_exit
£§ ELSE

5 " rhemin_name = p2

s BNDIF

5!

5! Check for P) - this is the file name field

st

T & IF mode .eqs. "BATCH® .and. pl .&gs. °°

WRITE sys$outrput =

*Can not run in batch without a file name (P3). exating.*
(g GOTO ezTor_exit
.. § ENDIF

s INQUIRE file_name “Enter input file name (without .extens
s IF file_name .egs. =~ THEN goto error, exit
S

H
s
s file_name = p3
s
s
S

DEFINE_(MS_LIBRARY:

! Set CMS library to FMT

oms_library name = "fmt*
1ib'ans_libdrary name
set verxfy

SDEFINE_INPUTS:
+ 8! Define the input files needed.
T~ 8!
§ DEFINE input 'file name’ . in
s DEFINE inguess 'file_name'.inguess
st
S! Define a logical that points to the database files just fetched

DEFINE chemdat ‘chemdat name*
DEFINE rhomin 'rhomin_name*

RETURN

*Can not run in batch without a rhomin file name (P2). exiting.®

ion)*

o PR =
~i SDEFINE_CUTPUTS:
*3:§! Define the cutput files needed.

DEFINE cutput ‘file_name’ . cut
DEFINE for088 ‘file name‘. for0S&
DEFINE ritrate 'file_name' titrate
DEFINE moles 'file_name' moles

25!
+2 8! Turm off warning messages for no files to delete
i 8!
¥ SET noon
SET message/nefac/nosev/notext/noid
! Delete all 'file name'.moles files; do not accumulate them.

DELETE ‘file_name’'.moles;*

DELETE £mt_*.chemdaZ:*
DELETE f£mt_*.rhomin:*

SET message/fac/sev/text/id
SET on
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S7T 81 Exit routine when a severs error is encountered
$!
s Write sysSoutput ‘Executing error exit, ‘‘S$status’.*
5 EXIT
S51a - e ea e ———————
SGET_DATABASE_FILES:
s! v
$! If interactive, allow user tc select/pick from a list of chexdar file names
5!
IF mode .nes. “BATCH"
THEN
s cse **'’chemdat_name'~.chemdat”
$1 *
;S INQUIRE chemdat_name “Select CHEMDAT name from list above~
$ ENDIF
Ee 8 3
§! Fetch chemdat from FMT O¥MS
s-
5t set noverify
$ «cfe 'chemdac_name’
5! set verify
' If interactive allow user to select/pick from a list ¢f rhomin f£ile names
IF mode .nes. "BATCH"
‘THEN
cse "*'‘rhomin_name'*, rhomin®
INQUIRE rhomin_name *Ss=lect RHOMIN name from list above"
ENDIF
Ferch chemdar from FMT CMS
set noverify
cfe ‘rhomin_name'
set verify
RETURN
§1m R S —_— e e i 1 40 et i
SRUN_FMT:
$! Define the run symbols needed.
define /nolog exe_dir wpSnonpa_prodroot: [ fmc . exe)
5 imt2p0 ;== *Sexe dir:fmt_fmt2p0_pad6.exe*
s
$! Run the utility thar shows image informatien from the exe. (mandatory!}
$! This is part of the documentation required while doing a calculation.
S GwpSref :wp_get_image_id.com exe_dir:fmt_£fme2pl_pa%6 . exe
¢ S! Run the code
- St
S £fmt2p0
$ RETURN
Sl mm e e
e
.,

month == fScvtime(*"'fStime()'", "absolute®, °month*® )

day == f£Scvtime(*''fStime() ", *comparison”, “day" |}
hour == fScviime(**'fStime(} ", “absolute", ‘"hour* )

min == fScvtime ("' £Stime() ", “absolute", “minute® )
log_file name :== <*'*file name’' '‘month'""day’'_‘‘hour’'’‘'min‘.log*

mike williamson's log file definition:
*sysSlogin:fme_-rfile _name’ '‘month'‘‘day’_‘‘hour‘’'min’.log"

DEFINE/proc sysSourput ‘log_file_name

TR ¥ Y p— e ol s i e SRT—
#<5 SSTART_MAIL:

5! Open a file where we can write a2 message that can be sent to the

$! user upon corpletion.

mail_error_flag = 0O

mail_file_name : *sysSLogin: fmt_mail .msg”
mail_subject *FMT '"file name' run.*
mail_list == fSgetjpil *". "username”}

OPEN/write mail_file 'mail_file_name

§' If there was no previously flagged error or problem, search the log files
$! for any fatal, errar, or warning messages.

! Deassign sysSoutput so the "log" file closes.
deassign sysSoutpuc

Show the run output to the user
TYPE 'log_file_name

% u..ml—'/f
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§$! Skip sending the mail message
§ gotc end_rerminate

! common errer indicaters.

search_status = 0 :

IF mail_error_£lag .ne. 1

THEN
Turn off informational messages from search command
SET message/nofac/nosev/notext/noid
SEARCH ‘log_£file name "-F-", *-E-","-W-* / matcheor
search_status = Sstagus
“Turn on messages
SET message/fac/sev/rext/id

ENDIF

st
' §1 If there was NOt a previous error recorded, search the log file for
5!
s

IF search_status .eqg. 1 .or. mail error_ flag .eg. 1
THEN
WRITE mail_file *The run log contains an error or wammning.
WRITE mail_file “"Please examine °‘log_file _name’.*

mail_subject == *'-mail_subject’' ERROR"
ELSE

WRITE mail_file -The FMT run has completed.”
ENDIF

CLOSE/nolog mail_file
MAIL/subject=""'mail_subject " 'mail_file name 'mail_list

LY PR
243 SUNDEFINE_SYMBOLS:

S$! Deassign input files
&t

s DEASSIGN input
DEASSIGN inguess
DEASSIGN chemdat
DEASSIGN rhomin
DEASSIGN output
DEASSIGN for088
DEASSIGN titrate
DEASSIGN moles

CHS REPLACEMENT HISTCRY, EZlement FMT FMIC.COM

] 21-DEC-1995 12:58:57 SCBABB °FMT EXECUTABLE NAME CHANGED®

L ! 19~DEC-1995 12:26:54 SCBAEB "USER COMMAND FILE FOR EXECUTING FMT_FMT2PU FROM CMs®
! CMS REPLACEMENT HISTORY, Element FMT_FMTC.COM

R Y R 7Y
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Appendix W: Review Forms

This Appendix contains the review forms for the FMT User’s Manual.



NOTE: Copies of the User’s Manual Reviewer’s Forms are available in the Sandia WIPP
Central Files.




