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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-Ml'lller-Weare (HMW) data base (Harvie et aI., 1984; Felmy and Weare, 1986)
enhanced with radioactive elements such as americium(ill) 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 equilibrium concentrations of dissolved components and solids.

• 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(ill), An(IV), An(Y), and
An(VI). These tables will be converted into equations of surfaces that will be used by the WIPP
PA codes PM'EL and NUTS to calculate actinide solubility values as a function of C02 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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Code Name: FMT
WIPP Prefix: FMT_
Version Number: 2.0 11103/95
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

1.2.2 Code Consultant

Craig F. Novak
Sandia National Laboratories
Albuquerque, NM 87185-1320
Voice: (505) 848-0619
Fax: (505) 848-0622

2.0 FUNCTIONAL REQUIREMENTS

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

R.2: FMT calculates chemical equilibrium using aqueous thermodynamics. It is based on the
Harvie-Moller-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 (ill) 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 increment. .

-
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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 NONLlN 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

• BS in 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 differential equations

• linear algebra (through senior undergraduate level)

-

• numerical methods (graduate or senior levef"u'ndergraduate 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 ~, then -

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

aq =0.
a~

Equation 1 is equivalent to the classical chemical fonnulation of the equilibrium conditions

where

(I)

(2)

NT = the complete, transposed stoichiometric matrix: the (N x R) matrix whose columns are the
R stoichiometric vectors; that is, N = (VI ,v2'· ..,VR); entry (iJJ of N is Vij' and

p. = chemical-potential vector with entries Ili'

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

each iteration by amounts o~:

o<;(m) ={ aG )(m
l
=_tldml) as )

)

N'
=-"'v'lJ.(m); j=I,2,...R,£.. IJ I

i=1

where

m =iteration index,

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

N' = number of species excluding inert species,

~i =chemical potential of species i, and

R = maximum number of linearly independent chemical equations.

The mole numbers are adjusted by means of

(3)

..• -.,

-
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(4)

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(;), the Newton-Raphson method can be
applied to equations 2, which yields

(5)

where n = species-abundance vector with entries nj • 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 ves 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 ves algorithm begins with equation 5, the Hessian matrix «j2G/a~2) for which, in the case
of a single ideal phase, can be expressed as

where

R = the gas constant, 8.3143 J mole- l K-l,

T = absolute temperature (K)

j=I,2,...R, (6)

Ilk! =the Kronecker delta function; Ilkl =1, if k =I; Il kl =0, if k * I,

nk = number of moles of species k, and
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Smith and Missen (1991) explain in Section 6.4.4 how the Hessian matrix in equation 6 can be
expressed as

(7)

N'
where Vi is the sum of the stoichiometric coefficients in stoichiometric equation i., i.e. Vi =L Yki

k=1

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

[ J

-l
1 M y 2 v2 I'>G(m)

o~(m) + --.!5L__J J,

j - n(m) Ln(m) n RT'
j+M k=1 k I

j=1,2,...R (8)

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 fOl111alism 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 fOl111alism is 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 ai can be defined by the following equation:
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(A.la')

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

and, for the solvent, by

(A.lc)

where

Yi = the activity coefficient of the solute species,

m j '" the molality of the solute species,

W '" the molecular weight of water,

Lm; '" the sum over all solutes (cations, anions, and neutrals), and

$ '" the osmotic coefficient.

./r-i£:'\
('r' <\)

. ;

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

(A.ld)

-

The remaining variables lacking explicit definition are the excess functions Yj 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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(A.2b)

(A.2c)

(A.2d)

-

c a c a

(
11/2 2 )F= -A4' +-In(I+W/2) +" "m rn B'

l+bIl/2 b L... L... e a ca
c a

+I. Imernc,<I>~e'+I Irnarna,<I>;"',
c < c' a < a'

(A.2e)

-
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(2c)

A ~ is one third of the Debye-Hiickellimiting slope (A in the following empirical equation):

A-ff .
,,+B,I,

1+ Ba;",1 I

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

The functions g and g' are defined by

(1-(1+x)e-x )
g(x)=2 2

x

(1-(1+X+ x; }-x)
g'(x) =-2 2

x

~.

(3a)

(3b)

(3c)

(4a)

(4b)

-
with x = (J.j-ff or = (J.2-ff. When either cation M or anion X is univalent, (J.j = 2,0 and (X2 = 12.

For 2 - 2 pairs, (XI = 1.4 and (J.2 = 12. For all e1ectro1yes, b = 1.2. For 2 - 3 and higher pairs, (XI

= 1.4 and (J.2 =50. The dimensions of (Xl and (X2 are kglf2mole-lf2 . The virial coefficients, <P,
which depend upon ionic strength, are given the following form:
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(Sa)

(Sb)

(Sc)

.-

The functions E6 ij (I) and E6ij(I) are functions only of ionic strength and the electrolyte pair type.

The activity coefficient parameters, Ani and Snij' representing the interactions between ions and

neutral species, are taken to be constant. The third vitial coefficients, ctx and 'Ifijk' 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:

•

•

•

•

(.1(0) (.1(1) (.1(2) d C$ ti h' . .
tJ MX' tJ MX' tJ MX' an MX or eac catIOn-anIOn parr

6ij for each cation-cation and anion-anion pair

'If ijk for each cation-cation-anion and anion-anion-cation triplet

Ani and Snij for ion-neutral and ion-ion-neutral interactions.

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:

I1P,P,x) =11; (T,P)+ RTlnyJT,P,x)xi ,

and

(9)
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lim Yj = I (Henry convention)
xi-to

where

x =mole-fraction vector with entries Xj'

T =temperature,

P = pressure, and

Il~ =standard chemical potential of species i.

Equation 9 may be rewritten as

where n =species-abundance vector with entries n j •

(10)

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

Ilj =Il~[T,P,n* ,(T,P)]+ RTlnxj

where IJ.~ is now a function of T and P through the unknown equilibirum solution n*.

(11)

, ....,-0--•••

/ .

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

n(l). Then the activity coefficients y for the nonideal system are computed from a known

chemical potential expression at the n(l) composition. In the next step, the equilibrium

composition in the "ideal" system is computed from equation II, with 11; replaced by

*(1) * I ( (I))Il j =Il j +RT nY j T,P,n . (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
"PosIon+" and "NegIon-" made up of the pseudoelements PosIon:EL and Neglon:EI and the
appropriate charges can be used to do so. For example, entering a concentration of PosIon+ at
a.lm will cause the solution to have a net negative charge of a.lm 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, NegIon:EL, CI04:EL, and Charge:EL.
Perchlorate, CI0 4, is a pseudoelement because it is a combination of elements treated as an
element. That is, the unit CI04: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, 0, Na, K, Mg, Ca, CI, B, and Br, and the pseudoelements "504," "C03,"
"Am(III)," "Np(V)," "CI04," and "Charge." (Element names contained in quotes 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 hislher chemical system.

~
i~;,rq>~\

. !, ,

'''."..,-':. "'~.

-
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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 thermodynamically
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 C02 gas present. It is therefore
desirable to calculate the effects of C02 gas on the aqueous and solid chemistry in the disposal
room, and in tum on dissolved actinide concentrations. While FMT cannot explicitly model the
gas phase, it can model a system with constant C02 gas fugacity by proper declaration of a C02
solid phase, as discussed below.

Thermodynamics allows the declaration of a hypothetical C02 "solid" phase to mimic the effects
of constant C02 gas fugacity:

At equilibrium, this reaction is described by the relationship

° 11°I1co, ("solid") CO,(g) +In};
RT RT co,

(13)

(14)

where fco is the CO2 (g) fugacity, which can be thought of as an effective partial pressure for,
CO2(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 CO2 (g) fugacity as long as
the C02 "solid" phase is present. See Novak (l995k) 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(ill)" 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(IV), 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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6.1 Overview

FMf 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 total element abundances.

Note that "abundance" means the total amount, an extrinsic quantity, e.g., 3 moles ofNa, 2 moles
of CI, 1 mole of Br. The intrinsic quantity, commonly moles per kg H20 within FMr, is
calculated based on the extrinsic amount of water that can be formed from the spe.cified element
abundances. This is the technical definition for the abundance entries. In practice, it is convenient
to specify about I kg of water (about 55.5 moles of 0 and 111.0 moles of H) to allow the
abundances in the INPUT and INGUESS files 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 H20"
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. FMr input files are discussed in detail in Section 7.0.

FMT generates a primary file OUTPUT and secondary file(s), depending on the problem.
FOR088 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
FOR088 is the same as that of INGUESS, FOR088 output can be used as input for INGUESS.
Output files are discussed in detail in Section 9.0.

Figures I 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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INPUT

INGUESS FMT

'FOR088 output may be used as input
for INGUESS file.

OUTPUT

FOR088

Figure 1. Input and Output Files for BATCH

_1_N_P_UT ~r- ..,

INGUESS 1~
FMT

OUTPUT

TITRATE

Figure 2. Input and Output Files for TITRATE

6.2 User-Supplied Input Files

MOLES

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 elemenls 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 H20. 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 'nEXACT' 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, i.e., a file containing no data.

6.3 Executing FMT

6.3.1 DEC Environment

The user can use the command file FMT_FMTCCOM 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_FMTCCOM 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 fromCMS

/
I .

$nonpa_cms_syms
$libfrnt
$sd [username.user_inputfile_directory]
$cfe fmt_fmtc,com

To retrieve the command file FMT_FMTCCOM, the user logs into BEATLE 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 hislher input files reside
by typing in a "set default (sd)" command. The command "cfe fmCfmtc.com" copies the
command file into the user's current directory. The lines are:

The command file can be copied from directory to directory. The user does not need to fetch the
file each time. FMT_FMTCCOM also issues the lines "nonpaJms_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:

$@FMT_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 RHOMlN 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_FMT2PO" 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 after 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_JAN08_l5l9.LOG. A listing of the log file follows the directory listing.

S dir

Directo~ Ul,(SCBABB.FMT.CY~_~ESTFILESI

BA7CJCDOC .INGUESS: 1 FMT_F!'!TC.COH; 1

Total of 3 tiles.
$ ~ftllt_f:mtc

Enter chemdat file name to search on, fct
Enter chomin file name to search ,on: ~t

Enter input tile name (without .extension): batch_doc
%CMS-I-LIBIS, library is WPSNONP~CMSROOT:[FMTJ
tCMS-S-LIBSET. library set

Elements in CMS Library WP$NONPA~CMSROOT:tFMT]

FMT_HMW3S_951213.CHEMDAT -K~ INTERACTIONS TO N?{VI SOLUBILITY DB"
FMT_HMW_35.CHEMDAT "Initial load"
FMT_HHW_35_9S1213.CH~~T-K~INTERACTIONS TO N?{V) SOLUBILITY WIO CMS HISTORY"
FMT_HHW_35_9S1213_F-l.CHEMDAT "C02 FUG~CITY FILES CREATED FROM FMT~~_35_951213.CH£HDAT ~~TER FILE FROM C~OV~~.

FYoT_HK','C3S_9S1213-F-I0 .CHDIDJI.'!' -CO2 FUGACITY FILES CJU:ATED FROM FMT_HK""'_3S_951213 .CHDIDAT Y...AS'!'ER FILe FROM CfNOVA,.1(.
FMT_HH"C35_9S1213_F-ll.CHEMDAi' ·C02 FUGACITY FillS CRaTED FROM FlITJiK~C3S_9S1213 .CHEMDAT P"..A$TER FILe FROM C~OVAK.·

FMT~a~~_35_9S1213_F-12.CHEMDAT -C02 FUGACITY FILES CREATED FROM FMT_H¥.W_35_951213.CHEHDAT )o'~stER FILt FROM CFNOVAK.·
FMT_HMH_35_951213_P-13.CHEMDA1 -C02 FUGACITY F:LZ5 CREATED FROM FMT_~~_35_9S12l3.CHEMCAT Y~TER FIL£ FROM CFNOVAK.
FMT_HMW_35_951213_F-14.CHEMDAT -C02 FUGACITY FiLES CREATED FROM FMT_~~_35_951213.CHEMDAT ~~TER FIL£ FROM CFNOVAK."
FMT_HM~_35_9S12l3_F-2.CHEHDAT 'C02 FUGACITY FILES CREATED FROM FMT_~~_35_951213.CHEMDAT MASTER FILE FR~ CFNOVAK.
FMT HMW 35 951213 F-3.CHEMDAT 'C02 FUGACITY F!LES CREATED FROM FMT ~~ 35 951213.CH~~AT MhSTER FILE FROM CFNOVAK 
FMT:HMW:3S:951213:F-4.CHEXDAT 'C02 FUGACITY FILES CREATED FROM FKT=~~=35=951213.CHEMDAT MASTER FILE FROM CFNOVAK:·
FMT_~_35_951213_F-5.CHEMDAT ·C02 FUGACITY FILES CREATED FRO~ FMT_HK""'_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_9S12l3_F-6.CHEMDAT ·C02 FUGACITY F!~~S CREATED FROM FMT_~_3S_9S1213.CHEMDAT MASTER FILE FROM CFNOVAK.·
FHT_HY...._35_9512B_F-1.CHEMDJ:.T ·C02 FUG.l>.CI'rY FILES C'R£A-rED FROM FM'!_~_)S_951213 .CHDmAT KASTER FILE FROM C"FNOVAA. ~

FMT a~ 35 951213 F-S.CHEHDAT -C02 FUGACITY F1LES CREATED FROM FMT HMW 35 951213.CHEMOAT ~.hSTER FILE FROM CFNOVAK •
FMT:HK'ri:3S:951213:F-9,CHEMDAT ·C02 FUGACI'tY FILES CREAT£D FROM FH'T::::HM'~:35=9S1213.CHEMDAT MkSTER FILE FROM CFNOVAK:~
FMT_HMW_35_9S1213_Fl.CHEMDAT 'C02 FUGACITY FIL~S CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.~

FMT_HMW_35_9S1213_FIO.CHEMDAT -C02 FUGACITY FILES CREATED FROM FMT_HMW_35_9S1213.CHEMDAT MAS1LR FILE FROM CFNOVAK.-
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FHT_HMW_35_95121J_F60.CHEMDAT ·C02 FUGACITY FI~£S CREATED FROM FMT_a~~_35_9S1213.CHEMDAT MASTER FILE FROM CFNQVAK.
FMT~_NP_k~.CHEMDAT ·Initial load·
FXT_HMW_NP_AM_F60.CHEMDAT "Initial load-
Select CHEMDAT name from list above: FMT_BMW_NP_AH.CEEMDAT
Your eMS library list consists of:

WP$NONFA_CMSROOT:(FMTJ

%CMS-S-FETCHED, generation 1 of clement WPSNONPA_C~SROOT:[FMT)FMT_HMW_NP~.CHEMDATfetched

Elements in CHS Library WPSNONPA_CMSROOT:IFMT}

FMT_HMW_35.RHOMIN ·Initial load·
FMT_~~~P_~~.RHOMIN"Initial load"
select RHOMIN name frQ::l list above: FKT_BMW_NP_A!f.RBOHIN
Your CSS library list consists of:

WPSNONPA.-Ctf.sROOT: [FMT')

..-,

\CMS-S-FETCHED. generation 1 of element. WP$NONPA_CMSROOT, (FMTJF'MT_HM""'_NP_~.RHOMIN fet.ched

image name: -FY.T_FMT2PO·
image file identification: "PROD P~96"

image file build identificat.ion: ."
link dAt.e/time: 2l-DEC-1995 11:36:28.86
linker identificat.ion: "All-H"

Enterin; Subrout.ine READDAT
reading chemical species dat.a from CHEHDAT file
DC_BYPASS flag set to neG_BYPASS
(.FD.TITRAT£lSATCH_DOC.in; to il1ustrat.e/document -BATCH· runs
DATABASE: H¥.W84/F'W86; Np (V) -Na-C03~OH-CI-C104 (f,YR94 J :
95.01.31 AmCIIII-Na-CI-C03-S04-P04 IFRSR89.FRF90.P91,RFFR92.RFF94.RRFF94)

FMT V2. 0

Accuracy of reactions is
Minim~ elemental abundance is
N~r of Aqueous Species is

1.0000E-06
1. OOOOE-16

50

ACTIVITY COLF. FLAG PITz.ACT
~sing PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

UNUSED
Exiting Subrout.ine READDAT
Char Flags: FLOW/BATCH/TITRATE BATCH
this is a BATCH problem

Echo of "ole Specificacions; nMOLES nEXACT
ECHO PRINT OF ELEMENT ABUNDANC£5 IN ONITL$H

110.222364000000 Hydrogen
55.165Ul21000000 OXyg'en

0.200000000000000 Sodium
1.000000000000000£-002 Potassium
1.000000000000000£-003 Hagnesiun
1.000000000000000£-004 Calci~~

0.110000000000000 Chlorine
1.000000000000000£-003 SUlfur
1.000000000000000£·004 Carbon
O.OOOOOOOOOOOOOOO£~OOOPosIon
O.OOOOOOOOOOOOOOO£~OOONeglon
O.OOOOOOOOooooooa£~oaoAir
1.000000000000000£-001 Boron
O.OOOOOOOOOOOOOOO£~OOOBromine
0.000000000000000£.000 Tracer£l
O.OOOOOOOOOOOOOOOE~OOOTh(IVI
O.OOOOOOOOOOOOOOOE·OOO Am!III)
0.000000000000000£.000 U(VI)
0.000000000000000£+000 Np(V)
0.000000000000000£+000 CI04-IEL)
0.000000000000000£·000 Phosphorus
O.OOOOOOOOOOOOOOOE.OOO Elect.ron
4.906053920000000£-017 Charge

.LT. IMINABU·I.d-6J moles NaB02.NaCl.2H2o Teepleite_l20_CI: del.switch

.LT. IMlNABU·1.d·6) ~oles NaBS08.SH20 Sodi~Pentaborate; del~switch

.L7. (MINABU·l.d-6) moles NaOHlaQ) to.t.itrate.base.only: del~swit.ch

.L.T. lMINABU·l.d-6) moles HCIC.IlQ).. .to.titnte.acid.only; del~switch

.L.T. (MINABU-l.d-6) moles K2B407.4H20 K-Tet.raborate_(30_Cl; del~reopt

.LT. {MINABU·l.d-61 moles B405COH14: B405COH)4:; de1~reopc

. L.T. (MINABU·1.d-61 moles K8H5CS04l7 Misenite: del'reopt

.L.T. {MINABU~1.d-61 moles K8H4(C0316.3H20---K-S~quicarbonate:del_switch

.L.T. {MINABU·l.d-6J moles B303(OHJ4- B303/0H)4·; del'switch

.LT. CMINABU·1.d-61 mo1es Ca4C12(OHI6.13H20_CaCxych10ride·A; del*switch

...../'"..-... .,
l

_. - ••• ~." •• " SOLUBILITY PRODUCT VIOLATION··· _ ~

_. KgCOHl2 Brucit.e~" 1.00Z..01·"

............. ·SOLUBILITY PRODUCT VIOLJ"TION···· .. •• .. • .....
•• ~g2C110H)3.4H20 "gQxychloride·~ 6.69! .. OC

85
12.8532

2 Solubi1it.y Product. Violations
Adding solid H9(OH)2 ~__Brucite
~q : -log(m(HTIJ 12.7140
pH = -logfa(H+11
Total Diagonal Inversions
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SINGLE BATCH EQUILIBRATION COMPLETED
S dir

D~=ecto~ Ul:ISCBABB.FMT.C~S_TESTFILESl

BATCH_DOC. FOROe.e.: 1 BATCH DOC _IN
BATCH_DOC_J~~05_1S19.LOG;1

FMT_HMW_NP_AM.RHOHIN;l

Total of 8 files.
S type batcb_d.oc~an08_1519.1og

10

BATCH_DOC. INGUESS; 1 BATC",COOC . OUT ; 1
FMT_FMTC.COM;l F"T_HKW_NP~~.CHEMDAT:l

wpo # 28119
November 17. 1995

Pa2e TJ

image name: • FMT_FMT2PO"
image file identification: "PROD PA96"
image file build identification:
link date/time: 21-0£C-1995 11:36:28.86
linker identification: ·A11-14"

Entering S~broutine REAODAT
reading chemical species data from CHEMDAT file
DG_BYPASS ~lag set to nDG_BYPASS
[.FD.TIT~=£l5ATCH_OOC.in; to i11ustrate/docum~~t "BATCH· runs
DATABASE: ~~i8~/rw86; Np(V)-Na-CO)-OH-Cl-CI04 {NR9~1:

95.01.31 k~(III)-Na-CI-C03-S0~-P04 (FRSR89.FRF90.P91.RFFR92.RFF9~.RR:F941

FMT V2.0

Accuracy of reactions is
Minim~~ eleme~tal abundance is
Number of A~eous Species is

1.0000E-06
.0000E-18

50

m.1JSED

10-.

;"cr:VITY COE:. FLAG PITZACT
using PITZER ~CTIVITY COEFFICIENT model
Charge 6alance replaces element Oxygen

Exi~ing Subroutine READDAT
Char Flags: FLOW/BATCH/TITRATE BhTCH
this is a BATCH problem

Echo of Mole Specifications: nMOLES nEXACT
ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH

110.22236-:'000000 Hydrogen
55.1654821000000 Oxygen

0.200000000000000 Sodium
1.000000000000000E~002 Potassium
1.000000000000000£-003 Magnesium
1.000000000000000£-004 Calcium
0.110000000000000 Chlorine
1.000000000000000£-003 Sulfur
1.000000000000000E-004 Carbon
0.000000000000000£+000 PasIon
0.000000000000000£+000 NegIan
0.000000000000000£+000 Air
1.000000000000000£-007 Boron
0.000000000000000£+000 Bromine
0.000000000000000£+000 TracerEl
0.000000000000000£+000 Th(IV)
0.000000000000000£+000 Am(III)
O.OOOOOOOOOOOOOOOE+OOO U(VI)
O.OOOOOOOOOOOOOOOE+OOO ~~(V)

O.OOOOOOOOOOOOOOOE+OOC CI04-CELl
O.OOOOOOOOOOOOOOOE+OOO Phosphorcs
0.000000000000000£+000 Electron
4.906053920000000E~017Charge

.LT. IMINABU·l.d-6) moles NaB02.NaCl.2H20 Teepleite_120_CI; del&switch

.LT. (MINA3U·l.d-6) moles NaB508.5H20 Sodium_Pentaborate; del*switch

.LT. (MINABU·l.d-6) moles NaOH(acol to.titrate.base:only: del&rs\<dtch

.LT. (MINAEU·l.d·61 moles HCl(aql to.titrace.acid.only; del&switch

.LT. (MINABU·1.d-6) moles K2B407.4H20 K-Tetraborate_(30_C); del'reopt

.LT. (MIK_~U·l.d-6l moles B405(OHI~: B405(OH}4c; del&reopt

.LT. (MINABU·1.d-61 moles K8H6(SO(l7 Misenite; dQl&reopt

.LT. (MINABU·1.d-6) moles K8H4(C03l6.3H20 K-Sequicarbonate; del&switch

.LT. (MINABU·l.d M 6) moles B303(OE)4- B303(OH)4-: del_switch

.LT. (~INABU·l.d-6) moles Ca4C12(OHI6.13H20__CaOxychloride A; del_switch

············SOLUBILITY PRODUCT VIOLATION·············
•• X;(OHI2 Brucite"· 1.00£..01-·

····~·······SOLU8ILITYPRODUCT VIOLATION········· .. •••
•• Y.~2ClI0~13.<H20 ~gOxychlor~de·· 6.69E+00~"

2 Solubility Produc~ Violations
Aocing sol:d Mg(OHl2 ,srucite
pmH '" -log{/:l(H+) J 12.7140
pH '" -lo~{a(H·}l 12.8532
Total u:ago~al Inversions 85
Total Stoichio~etric Reoptimizations
SING~E SA7C~ EQUILIBRATION COMPLETED
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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

Directo~ UI:[SCBABB.FMT.CHS_TESTFILESl

FMT_FMTC.COM;l
NP_NACL_Bl1. IN; 5

FMT_HMW_NPj,M. CHEMOAT; 1
NP~ACL_BM.INGUESS;2

Total of 5 files.
S @fmt_fmtc
Enter chemdat -file name to search on: l1P
En~er rho~in file name to search on: np
Enter input file name (without .extension): np_nacl_bm
%CMS-I-LIBIS, library is WP$NONPA_CMSROOT: [FMT)
%CMS-S-LIESET. library set
-CMS-I-SUPERSEDE, library list superseded

Elemencs in CMS Library WP$NONPA_CMSROOT: [FMT]

FMT_HMh'_N?_A."1.CHEMDAT ~Initial load"
FMT_~f_NP_AM_F60.CHEMDAT~Initial load"
Sele~t CHEM9AT name from list above: FMT_BMW_NP_AM.CHEMDAT
Your CMS library list consists of:

WPSNON?A_CMSROOT:!FMT]

Elements in CMS Library WPSNONPA_CMSROOT: [FMT)

FMT_HMW_NP_k~.RHOMIN "Initial load"
Select RHOMIN name from list above: FMT_8MW_NP_AM.RB~N

Your CMS library list consists of:
W?$NON?A_CMSROOT: (FMTI

%CMS-S-FETCEED, generation 1 of element WP$NONPA_CMSROOT: [FMT]FMT_HMW_NP_AM RHOMIN fetched

image name: "FMT_FMT2PO-
image file identification: "PROD PA96~

image file build identification: ""
link date/time: 21-DEC-1995 11:36:28.86
linker identification: -A11-14"

Entering Subroutine READDAT
reading chemical species data from CHEMDAT file
DG_BYPASS flag set to nDG_BYPASS
Benchmark TITRATE Problem; Np(V)02 with C03 in 5.61rnolal NaCl
DATABASE: HMW84/FW86; Np(Vl-Na-C03-0H-CI-CI04 (NR94);
95.01.31 Am(III)-Na-CI-C03-S04-P04 (FRSR89,FRF90,P91.RFFR92,RFF9',RRFF9~)

FMT V2.0

Accuracy of reactions is
Minimum elemental abundance is
Number of Aqueous Species is

1.0000£-06
1.0000E-18

50

Exiting S~broutine READDAT
Char Flags: FLOW/BATCH/TITRATE TITRATE
this is a TITRATION problem

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

Characte~ Flags:
Character ~lags:

TEMP is an unused

J.e. nMOL£S
I.C. nMOLES
local variable

EXPLICIT

nEXAC'!'
nEXACT

180000.100000000

TITRATION option requires delta(xl=O.OI meters
Defining celta(x) as such

DIFFUS Parameter UNUSED= nDIFFOS
CONVEC Parameter UNUSED= CONVEC
SSDIFF Pa~ameter UNUSED'" nSSDIFF'
RESTART Pa~ameter Value Read = nRESTART
UNUSED ?a~ameters nPUSHPULL nMULTINJ
UNUSED pa~a~eter FRAC FLO

TITP~TION 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
Char Flags UNUSED UNUSED nMOLES

LHSFDIF
nEXACT
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TEMP is an unused local variable 9.999999999999999E-021
Character Flags: VPOROS FRFLASH VPOROS FRFLASH

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density is a Function of Composition
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Char Flag is UNUSED: NO X DIFF nNO X DIFF
Char Flag is UNUSEO, UNIFORM UNIFORM

MINERAL DENSITIES, KG/M A 3, IN FILE "RHOMIK~

pmH '" -log[m(H+)) 11.6199
pH == -log[a(H+) 1 11 7497
pmH == -log[rn(H+l) $.9141
pH == -10g[a(H+11 5 3205
TITRATION Character Flags

cduml== TITRATE cdum2== ASREAD
reading titrant volumes from input file

First Volume Added 0.10 mL
Final volume Added == 10.00 mL

o

pmH = -log{m(H~JJ 5.9141
pH , -log[a(H-+-) 1 5 .3205
p~"

, -log(m(H-+-) 1 6.2386
pH '" -log{a(H-+-) ] .6451
pmH , -log[mlH+l] 6 .5870
pH , -10g(a(H+l1 5 9936
pmH , -log[m(H+) I 6.8286
pH = -109IaIH-+-IJ 6 2353
pmH , -log{m(H~) J 7.2930
pH , -10g[a(H+) 1 6 6996
pmH , -log[m(H+) 1 8.5359
pH , -log[a(H+) ] 7 .9427
pmH , -log[rn{H+)) 8 .9250
pH , -log[a(H+)] 8 3317
pmH , -log/m(H"> J 9. 1587
pH . -10g!a(H+) I 8. 5655
pmH , -109[m(H+)] ,.3098
pH , -109(a(H+) 1 8 7166
pmH , -10g[m(H+)] .4653
pH . -109[a(H+) ) 8722
pmH , ~10g[m(H+) ) ,.8154
pH , -legCa(H-+-») 9 2225
prnH '" -log!m(H+) J 10 .0620
pH , -10g!a(H+) ] .4695
pmH , -log!m{H+}] 10 4406
pH , -10g1a(H+)] 9.8493
pmH , -log[m(H+ll 10 .8825
pH , -log[a(H+) ) 10 2955
pmH , -loglrolH+) ) 11 .2341
pH , -log[aCH+) J 10 6594
End of AutoTitration Problem
S "'-r

Directory Ul: (SCBABB FMT.CMS_~ESTFILESJ

FMT_FMTC.COM;l
NP_NACL_BM. IN; 5
NP_NACL_BM.OUT;1

Total of 9 files.

6.3.2

FMT_HMW_NP_AM.CHEMOAT;l
NP_NACL_BM.INGUESS;2
NP_NACL_BM.TITRATE;l

Macintosh Environment

FMT_HMW_NP_AM.RHOMIN;l
NP-NACL_BM.MOLES;l
NP_NACL_BM_JAN08_1523.LOG;1

;.: ~\

"

\
l

. ;'

-

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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," I. Select CHEMDAT File

2, Select RHOMIN File'

3, Select INPUT File

4, Select INGUESS File

5, Enter OUTPUT File Name

6, Enter FOR088 File Name

A titrate problem directs the user to:

I. 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 auput 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.

J
• •

HMW_DB

)

HMW_NP_AM HMW_352 HMW_3453 •
HMW NP AM.CHEMDAT HMW_35.CHEMDAT
HMW- NP-AM F60.CHEMDAT' HMW_35_F60.CHEMDAT
HMW- NP- AM~RHOMIN HMW_35J1.CHEMDAT

- - HMW_35.RHOMIN

Notes
1. Same as HMW_NP_AM_CHEMDAT, except a declaration or CO2 ·solid" fugacity = 60.0 arm was added.
2. Contains updates on thennodynamic parameter values and complexation data for Np(V) and NpM;

F1 and F60 designate modifications to CHE.MDAT file to reflect CO2 ·solid· fugacity at 1 and 60 atm.
3. Folder for future CHEMDAT data bases for Actinides in III, IV, V oxidation states.

Figure 3. Suggested data base organization.

• • •

• • •

BATCH_OOC.lN
BATCH_OOC.INGUESS
BATCH_OOC.OUT_V1
BATCH_OOC.FOA088.V1

BATCH_DOC.IN
6ATCH~DOC.INGUESS

BATCH_DOC.OlJT_V2
BA.TCH_DOC.FOA08a.V2

Figure 4. Suggested input/output file organization.
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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 FOR088.

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 CHEMDATflAME A pallial string of a CHEMDAT filename to search on.

2 RHOMIJ'CNAME A pallial 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

/(:-i:-.,:--
-~~.,..;

:~~''''
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22-25 notation indicating that the RHOMIN filename in line 2] has been copied to the
user's current directory

27-31 linker and identity information on the FMT2PO executable in CMS

33 notation; FM.T will begin reading problem description from INPUT file
(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 DUMMY2 FMT read 'nDG_BYPASS' from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)

36 notation; repeat of line I of INPUT file (BATCH_DOC.IN. Appendix E)

37-42 DBASE], repeat of lines 3-8 OUTPUT file for CHEMDAT (Appendix J)
DBASE2,
ACCURACY,
MINABU,NAQ

44-45 DUMMY2 FMT read 'PlTZACr from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I) and notation (repeat of line 1273 from OUTPUT file for CHEMDAT
[Appendix J])

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 CDUMI.CDUM2 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
DUMMY I read species amounts from INGUESS

52-76 notation; listing of elemental abundances

ABUND(i), ith mole amount from INPUT file (BATCH_DOC-IN, Appendix E) and ith
ELNAMES(i) element name from CHEMDAT file (HMW_NP_AM.CHEMDAT, Appendix I)

77-86 NAMES(i) species deleted from equilibrium algorithm because their total number of moles
NMOLES(i) became negligible(<MINABUx Ix] 0-6)



88-95 repeal of lines 17-24 in OUTPUT file for Balch (BATCH_DOC.OUT.
Appendix M)

96-97 repeal of lines 163-164 in OUTPUT file for Balch (BATCH_DOC.OUT.
Appendix M)

98-99 repeat of lines 180-181 in OUTPUT file for Balch (BATCH_DOC.OUT.
Appendix M)

-

100 notation; normal exit from batch mode

FMT, Version 2.0
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The secondary output file FOR088 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
FOR088 file contains the number of moles of each species calculated from the equilibrium run.
The user could rename the FOR088 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 FOR088 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. ! \\.,

~-1>-\o ~~,.... IS

6.5 Setting up and Running a Titrate Problem ;.' .' ':c. ~ 'f:.;

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 Ns beakers each containing I liter of the Erlenmeyer
solution. A volume of titrant solution in milliliters ~Vi' i=I, .... ,Ns, is added to each beaker. The
first volume addition is always zero, that is, ~V1=0. At each titration step the specified volume is
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added to each of the Ns beakers containing I 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 (LOGI0, LINEAR, and ASREAD)

FMT provides the user three different methods for specifying the titrant volume. Table 2 shows
each 9ption, a description of each option, and the mathematical method used to calculate the
volumes to be titrated with each of the Ns Erlenmeyer solutions.

Table 2. Titrate Options

Option Description Method

LINEAR add the same constant titrant L\Vi=DV(2)x(i-I), i=2, ... ,Ns, where DV(2) is
volume for each iteration read from the INPUT file
increment

LOG 10 add titrant volumes that L\Vi=DV(2) x e(i-2)R, i=2, ... ,Ns. with R=
increase exponentially from In(DV(Ns»-In(DV(2))
the user specified minimum

Ns-2 ' where DV(2) and
to maximum volumes

DV(Ns) are read from the INPUT file

ASREAD add user specified titrant L\Vi-DV(i), i-2, ... ,Ns, where DV(i) values are
volumes read from the INPUT file

A problem called "Np_NaCI_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, Ns =15. For the example Np_NaCI_BM
problem the initial volumes are

DV (1 ) = O. a mL for all three options

DV (2) = O. 1 mL for all three options.

The incremental volume is

L\Vi = 0.1 x(i-I) 1l'.L for 'LINEAR'

L\Vi = 0.1 xe(i-2)R withR=(ln(lO.0)-ln(0.1))1l3.0,

i=2, ... ,15 for'LOGIO'
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Figure 5 illustrates the LINEAR option. In the example shown in the figure, 15 different solutions
are considered. The first beaker is a I-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 I-L Erlenmeyer
solution with 0.2 mL of titrant added, and so on up to the last beaker, a I-L Erlenmeyer solution
with 1.4 mL of titrant added.

DV(1)=O mL DV(2)=O.1 mL DV(3)=O.2 mL DV(14)=1.3 mL DV(15)=1.4 mL

tJ tJ tJ • • • tJ tJ
Beaker 1 Beaker 2 Beaker 3 Beaker 14 Beaker 15

-' -'-' -' '" ...
<; N

0 0 00 0 C! C!-' C! C!

l Ii " "" " "N '":;- :;- :;- :;- :;-
0 0 0 0 0
+ + + + +
-' -' -' -' -'

Figure 5. Titration problem using LINEAR option.

The user can use the above options in the following order:

1. use the LOG10 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



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

-
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where i=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 for the titrate
problem. The "Line" column refers to the lines listed in screen displays of the
Np_NaCI_BM_LOG, Np_NaCl_BM_LIN, and Np_NaCl_BM, the LOGIO, 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_LOG, 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 CDUMl,CDUM2 character strings read from INPUT (Np_NaCl_BM_LOG.IN [Appendix F],
Np_NaCl_BM_LIN.IN [Appendix G], or Np_NaCI_BM.IN [Appendix H]) to set
titrate mode

50 notation that FMT has a TITRATION problem

52 CDUMl,CDUM2 character strings read from INPUT (Appendices F, G, or H) ;0 not read species
amounts from INGUESS for the injected or buret solution

53 CDUMI,CDUM2 character strings read from INPUT (Appendices F, G, or H) to 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 J)

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 OUTPUT file for Titrate (Np_NaCl_BM_LOG.OUT
[Appendix N], Np_NaCl_BM_LIN.OUT [Appendix 0], or Np_NaCl_BM.OUT
[Appendix P])



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 OUTPUT file for Titrate (Appendices N, 0, 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 (negalive
base 10 logarithm of hydrogen ion activity) of the titrant Solulion

90-91 pmH and pH of the Erlenmeyer solution

93 CDUMl.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=I, .... NS to I liter of the Erlenmeyer solution, with no additions to
the first beaker; see Figure 5.

127 notation; normal exit from titrate mode

.-"" .
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6.5.3 Titrate Sample Problem: Solubility Calculation

***NOTE**'".. '. .
The user should beflUlliliar witli tb~ inprit~~d~~tP~t rues forthe'ASREAD' titration.
calcullitioiJ.(see Section ~.5.1) before readin21his'section; .'.

The following example Np(V)/CO:YNaCI problem illustrates a typical way in which FMT is used.
This calculation is designed to show how the solubility of Na.Np02C03(s) varies as a function of

CO~-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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- Refening 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 titr,mt shows 5.61

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

Cl- (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 it is nearly saturated with respect to Na2C03·7H20(S) as indicated by the
Saturation Index of -D.25 I 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 large excess of NaNp02C03(s) at a relatively high pmH of 5.91

on Line 222. This solution was designed to have a very low carbonate concentration, 3.09xlO-8
molal (Line 204). A large excess of NaNp02C03(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_NaCI_BM.TITRATE on Lines 26
41, shows that the Na+ concentration remains constant at 5.61 molal, while the Cl- concentration

changes slightly from 5.61 to 5.51 molal. More importantly, the co~- concentration varies

widely, from 3.09xlo-8 to 4.84xIO-2 molal (Lines 43-58), as was intended. The
NaNpOZC03(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)

+ - - 3- 5-
species NpOZ' NpOzOH(aq), NpOZ(OH)Z' NpOZC03, NpOZ(C03)Z ,and NpOZ(C03)3 '

given in Lines 6Z-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:

mCOo mNp(V) total mCO~ mNp(V) total
9.49E-4 5. I3E-6 3.6IE-3 I.07E-5
3.6IE-4 4.l7E-6 6.27E-3 2.24E-5
7.20E-5 4.47E.{j 1.50E-2 8.51E-5
9.93E-6 1.15E-5 1.98E-2 1.38E-4
2.38E-6 3.39E-5 2.74E-2 2.57E-4
1.25E-6 6.17E-5 I.09E-3 4.47E-6
3.78E-7 2.04E-4 3.29E-4 3.55E-6
l.73E-7 4.37E-4 2.50E-4 3.63E-6
1.57E-7 4.90E-4 2.28E-5 6.46E-6
9.06E-6 1.29E-5 6.27E-7 1.41E-4
2.74E-5 6.17E-6 5.72E-8 I.IOE-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 NpOZOH(aq) and NpOZ(OH)Z 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
calculated species concentrations to values in Appendix T.

Figure 6 also shows how the 'ASREAD' option for titration problems lets the U5er 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 iilld closer together in regions
of curvature.

B mNpnl. Neck et 01. (1994) +- mNp02C03-
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Figure 6. Calculated Total Np(V) and Np(V) Concentrations as a function of CO) concentration

in 5.61 molal (SM) NaCI, and comparison with experimental measurements from Neck et al,
(1994).
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Of the four input files for FMT (see Figures I 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., 'nMOLES' 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.

!"/' ..,....--~~~"'-'-,~--.

/. ~ li.~ ~7.1 INPUT .. ,,',;. '\I':>;. \
i \..\":~",:~ fJ-, \'~ !
\ '-._.' '" 't"-

7.1.1 BatchProblem'. '~"
"

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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Figure 7. Batch INPUT file.

Table 4 lists the INPUT file parameters for a batch problem. The "LINE" colunm 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 'I1TI.E78 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 CDUMI, 'BATCH' 'UNUSED' the first string indicates this is a batch problem with the
CDUM2 second string's value being irrelevant
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6 DUMMY, 2 character strings used as flags for calculating the
DUMMY1 equilibrium state using either:

'MOLES' 'EXACT' species abundances read from INGUESS from which
FMT calculates element abundances

or

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

7-29 ABUND (i) nonnegative real number mole amount of ith element in the order listed in
CHEMDAT (Appendix I. 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 file for species
abundances. Line 100 in the file allows the user to specify that the titration metbod - adding
equal volumes of the titrant successively (LINEAR), 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
(LOGlO method), Appendix G (LINEAR method), and Appendix H (ASREAD).
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Figure 8. Titrate INPUT file.
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The INPUT file parameters for a titrate problem are shown in Table S. The "LINE" column in
Table 5 refers to the lines listed in the Np_NaCCBM_LOG.IN. Np_NaCJ_BM_LIN.IN. and
Np_NaCI_BM.IN files.

---.
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Table 5. INPUT File Parameters for Titrate (See Appendices F, G. and H for sample listings of
Np_NaCI_BM_LOG.IN. Np_NaCI_BM_LIN.IN, and Np_NaCI_BM.IN. respectively.)

Line Variable Names Permissible Values Description

1 TITI..E78 any character string character string that identifies or describes the
(maximum 78 chaiacters) user' 5 problem

2 DUMMY ·CHEMFll..E' character string used as a flag for reading the
CHEMDAT file (Appendix I)

4 CDUMI,CDUM2 'mRATE' 'EXPUCIT' the first and second strings are required to indicate
that this is a titrate problem

6 CDUMl.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

or

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

7-29 ELTOTAL (i,I) nonnegative real number• mole amount of jth element in buret solution, One
elemental amount per line

31 CDUMI,CDUM2 2 character strings used as flags for the solution to
be titrated or Erlenmeyer solution for cal~ulating the
equilibrium state using either:

'MOLES' 'EXACT' species abundances read from INGUESS from which
FMT calculates element abundances

Or

'nMOLES' '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: 10-15)
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32·54 ELTOTAL (i,2) nonnegative real number** mole amount of ith element in Erlenmeyer solution,
one elemental amount per line

56 NSPACE, 2 < integer number < 66 the first number in this line speciries the total
TEMP,TEMP, 2.25d3 O.OO25dO number of beakers, 1<s. Recall that the first beaker
TEMP, 1.80000ld5 gets zero addition of titrant solution, so Ns-I
CDUMI 'nDXYARIABLE' volumes are added. The three remaining numbers

and character string should be specified as
indicated, but these values 3re not used for titration
problems.

57-98 exactly as specified in the none of these values are used for titrate problems,
INPUT (.IN) file but must be included

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

CDUMI 'TITRATE' 'TITRATE' must always read 'TITRATE'

CDUM2 Specifies the method of adding volume amounts to
each beaker:

'LINEAR' or add equal sequential volumes

'LOGIO' or add exponentially increasing volumes

'ASREAD' read volume amounts from the INPUT file

DV(2) initial volume, in mL, to add to the second beaker,
valid for LINEAR or LOG I0 options,

A value must exist but not used for ASREAD option.

DVMAX volume added to the last beaker, valid only for
LOG I0 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 By default, FMT will add only the aqueous phase
'INJSOLIDS' part of the titrant to the Erlenmeyer solution.

However, if the user wishes to add both the aqueous
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- DV(i) nonnegative real number read titrant volumes, in mL. to be added for each of
114 the NS-I additions where NS value is set on line

56. For the ASREAD option; see Appendix H for
illustration. For the LINEAR and LOG 10 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, Ns, 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 NpYaCl_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_NaCI_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.)

7.2.1 Batch Problem
',',

.; ",':,

The user can rename the FOR088 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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Line Variable Name Permissible Value Description

1-115 NMOLES (i) nonnegative rea] number mole amount of ilh species in the order
listed in CHEMDAT (Appendix 1. 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 liS species. FMT does not read the names
or molality values from an INGUESS file, which were derived from a renamed FOR088 file.

7.2.2 Titrate Problem

When running 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-M~ller-WearelFelmy-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 1 and J,
respectively) where:

• HMW stands for Harvie-M~ller-WearelFelmy-Weare -
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• NP stands for neptunium(V)

• AM stands for americium(III).

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, NegIon, Air, Boron, Bromine,
TracerEI, CI04-(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 BMW_NP_AM.CHEMDAT,
version date 95.01.31.

***NOTE***
HMW_NP_AM.CHEMDATisnot necessarily the CHEMDATfIle that will be used to
support the WIPP1996 PA .calculations.Additionalspeeies arid elements will be added to
the HMW~NP_AM;CHEMDAT that willbeuseci.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(III) 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 Silvester (1978).

. ***VVA~N(;*~~

The user should not and isnotexpectedto~tarige>the'CIlEMDATfIle. To do so
invalidates the QA erformed on this data base; . .", ...

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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Figure 9. Nassi-Schneiderrnan (N-S) chart showing FMT control flow. -
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The temperature range of the thermodynamic data is specified at 25 ° C with a few species at 20°C
and }O°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.

7.3.2.1 Brine Model

Parameters for brine electrolytes come primarily from Harvie et al. (1984) and Felmy and Weare
(1986), called Harvie-M0ller-WearelFelmy-Weare, or HMWIFW or simply HMW for shon.
Harvie et al. (1984) presents a model for the Na-K-Mg-Ca-H-Cl-S04-0H-HCO}-CO}-C02
H20 system, and Felmy and Weare (1986) extends this model to include boron species. Also

included 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 perchlorate,
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.

7.3.2.2 Np(V) Model

Parameters for Np(V) interactions in NaC!, NaCI04, and Na2CO} media are taken from Novak
and Roberts (1995). This model for Np(V) chemistry in brines is limited to predominantly NaCI,
NaCI04, or Na2CO} 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
chloride 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

:~3:~3CHEMD::::::::d:~r the purpose of W1PP PA calculations. i/r.~:~~

\

Parameters for Am(III) 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(Ill), Pu(III), or Nd(Ill), 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(III) 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 II, 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 not necessarily
apply to more concentrated solutions, as this discussion of Rao et al. (1994) below shows.

Rai et al. (l992b) use Nd(Ill) and Am(Ill) data from Felmy et al. (1990) and Rai et al. (1983) to
develop the Nd(Ill) standard chemical potentials shown in Table 13. These values were converted
to standard chemical potentials for the analogous Am(Ill) species for use within
HMW_NP_AM.CHEMDAT as follows. One can write a general chemical reaction Nd3+ with a
ligand yn, where n can be positive or negative, and the analogous reaction for Am3+;

3 3+yn
Am ++yyn .... AmY

y

o 0 0 0

Ilrxn 1 = ~dy3+yn - ~d3+ - Yllyn
Y

( 15)

(16 )

Because we are assuming identical chemical behavior for Am(Ill) and Nd(III), we must have
o 0

Ilrxnl = Ilrxn2' Therefore, the standard chemical potential for the complex anlericium species

is given by

( 17)

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
Table 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(Ill) by analogy. The standard chemical potential
for Pu(OH)3(s) is converted to that for Am(OH)3(s) in Table 15. ,; .

i ,, .
Rao et al. (1994) parameterized ion interactions for Nd(ill) in concentrated NaHC03 and Na2CO\.' .'.
media, extending the work for Felmy et al. (1990) to the large carbonate concentrations that could "
occur in WIPP under disposal scenarios with large C02(g) pressures. They identified an
additional Nd(ll) 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 Rao et al.
(1994), converted to apply to Am(ll) species, are given in Tables 16 and 17.

Interactions for Nd(III) or Am(ll) with phosphate species are discussed in Rai et al. (1992a,
1992b) and Rai et al. (1994). These papers present the standard chemical potentials for H3P04,

- 2- 3-
H2P04' HP04 ,and P04 ,as shown in Table 18. The reported standard chemical potentials for



H3P04 and H2P04' taken from Pitzer and Silvester (1976) as the original source. are the same.

However, there are slight differences in the standard chemical potentials given for HPO~-. and

3-
PO4 • even though these are all reported as having been taken from Wagman et al. (1982). The

differences in these reponed 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.

-
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The standard chemical potentials for three different Am(III)-phosphate or analogous Nd(III)
phosphate phases are reported in Rai et al. (l992a, 1992b) and Rai et al. (1994). These values,
along with conversion from Nd(III) to Am(ll) 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. (I 992a) 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(ill) or Am(III) in Rai et aI.
(1994). The publication of Novak et aI. (1995) provides a comprehensive description of the
sources for and the rationale for selection of the Am(li) 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 ~(O) ~(I) d

Na+-CIO~
0.0554 0.2755 ...{I.OOt 18

Na+-H2PO~
...{I.0533 0.0396 0.00795

K+-H2PO~
...{I.0678 -{).1042 0

-

H+-CIO~
0.1747 0.2931 0.00819



2-1 electrolytes ~[3(0) ~ [3(1) 25/2 ~ [3(0) [3(1) d-C3 3 3

Na+-HPO~- -0.0777 1.954 0.0554 -0.0583 1.466 0.0294

K+-HPO~- 0.0330 1.699 0.0309 0.0248 1.274 0.0164

Ca2+-CI0~
0.6015 2.342 -0.00943 0.4511 1.756 -0.00500

Mg2+.CIO~
0.6615 2.678 0.01806 0.4961 2.008 0.009578

U02+ CI- 0.5698 2.192 -0.06951 0.4274 1.644 -0.03686
2 -

U02+.CIO- 0.8151 2.859 0.04089 0.6113 2.144 0.02168
2 4
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3-1 electrolytes :l. [3(0) :l. (30) 33/2 ~ [3(0) [3(1) d
-C2 2 2

Na+-PO~- 0.2672 5.777 -0.1339 0.1781 3.851 -0.05154

K+.P03- 0.5594 5.958 -0.2255 0.3729 3.972 -0.08680
4

2·2 electrolytes [3(0) (30) d

U02+_S02- 0.322 1.827 -0.0176
2 4

-.



FMT, Version 2.0
User's Manual. Version 1.00

WPO # 28119
November 17, 1995

Page 55

~.

-

Table 9. Standard chemical potentials for neptunyl(V) species, from Novak and Roberts (1995).

Species 0 Species 0
J.lffRT Ilf fRT

+ -369.127 NaNp02C03(s) -713.707
Npo2

Np020H(am) -452.642
Np02CO;

-594.492

Np020H(aged) -454.010 3- -808.403
Np02(C03)2

Np020H(aq) -438.518 5- -1019.918
Np02(C03)3

Np02(OH);:
-505.829

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

(0) 0.312 (0) 0.161 pls«O).Na+- 1.97
P + - PNa+,NPOzCO;

.. 5-
Np02,CI04 Np0 2(C03)3 )

(0) 0.169 Pls«O).Na+- 0.407 Pls«I),Na+, 16

PNPO;,C1- 3- 5-
Np0 2(C03)2 ) Np0 2(C03)3 )

Table II. Dimensionless standard chemical potentials for Am(li) species from Felmy et al.
(1990)

Species 1-10 I RT

Am3+ -241.694

+ -472.06
AmC03

Am(C03);:
-695.88

3- -915.46
Am(C03)3

AmOHC03(c) -569.98



Table 12. Specific ion interaction parameters for Am(ll) species from Felmy et al. (1990).
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13(0) 13(1) 13(2) d

Na+ - C1O~
0.80 5.35 0 -0.0048

3- 0.24* 8.1 0 0
Na+ - Am(C03)3

* thIs value,s modIfied In Table 17

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

Nd Species 0 1 RT Am Species
~oiRT

~ 1

Nd3+ -270.926 Am3+ -241.694

Nd(OH);
--422.879 + -393.647*

Am(OH)2

Nd(OH)~
--492.182 0 --462.950*

Am(OH)3

Nd(OH)3(gl) -527.259 Am(OH)3(gl) --498.027*

*calculated by equation 17

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

13(0) 13(1) 13(2) d

Pu+++ - Cl- 0.6117 5.403 0 -0.0284

Am+++ - Cl- 0.6117 5.403 0 -0.0284

-
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----.-'. Table 15. Dimensionless standard chemical potentials for Pu(III) species from Felmy et aI.
(1989), with calculated values for analogous Am(III) species.

Pu Species °/RT Am Species o/RTl1 l1

Pu3+ -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 Il<0 I RT
Am Species o/RT

I ~

Nd3+ -270.926 Am3+ -241.694

NaNd(C03)Zo6HZO(c) -1425.726 NaAm(C03)2°6H20(C) -1396.494*

*calculated by equation 17

TabJe J7. Specific ion interaction parameters for Nd(III) species from Rao et aI. (1994), and, by
analogy, for Am(III).

~(O) ~(l) ~(2J C<P

Na+ - Nd(C03);
0 -8.37 0 0

Na+ - Nd(CO:l)~- -0.94* 8.1 0 0.418

Na+ - Am(C03);
0 -8.37 0 0

3- -0.94* 8.1 0 0.418
Na+ - Am(C03)3

*lIus value was changed from that gIven JO Felmy et af. (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. (l992a) Rai et al. (l992b) Rai et al. (1994) selected value

H3P04(aq) -460.90 -460.90 -460.90 -460.90

H2PO~
-455.96 -455.960 -455.960 -455.960

HP02- -439.404 -439.354 -439.354 -439.367
4

P03- -410.98 -410.947 -410.947 -410.947
4

Table 19. Specific ion interaction parameters for H3P04(aq) from Pitzer and Silvester (1976).

')..

H+ - H3P04(aq) 0.290

K+ - H3P04(aq) -0.070

2- -o.4()()
HPO4 - H3P04(aq)

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

Nd Solid Phase o /RT Am Solid Phase 0/ RTllj llj

Nd3+ -270.926 Am3+ -241.694

AmP04·xH20(am). Rai et al. -709.75
(l992a)

NdP04(c). Rai et al. (l992b) -738.166 AmP04(c) -708.934*

NdP04(c). Rai et al. (1994) -738.63 AmP04(c) -709.398·

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

~(U) ~(I) ~(2) cq>

NdJ+ - SO~' 3.0398 0 -2500 0

Nd j + - H2P04 0 0 -92.9 0

Am3+ - SO~' 3.0398 0 -2500 0

Am j + - H2P04 0 0 -92.9 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 ofHMW_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 1. 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 '..:
..

Ii-Values Lines

-999.99 39,40,70, physical species but represent the only occurrence for that element
72 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

-



999.99 77 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)
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The nonphysical species are included for convenience only. They facilitate, e.g., addition of
HCI(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 I.)

Line Variable Name Description

1-2 DBASE!, DBASE2 unique identification of the data base

4 TILELEM, 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 infonnation will be printed); unused flag;
DUMMYI,
DUMMY3

5 MAXIT, ACCURCY, maximum number of iterations for each equilibrium calculation (positive
M1NABU 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 potentials
TEMPERA, P(l), ('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 jth element

11-12 MWELEM(i) molecular weight of ith element



14-140 NAMESQ), name of jth chemical species; stoichiometric number of each element in
FORMULA(i,j), the species and charge of species (last number); phase of the species
PHASEQ), O=aqueous, 2=solid, 3=gas, but gasses are unsupported); standard
MUOFORMG) 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. H20 must always be the first species
declared. All aqueous species must be declared before any solid species
is declared.

142 DUMMY2, ITEMP character flag that, when set to 'DO_BYPASS' allows alternate values for
the standard chemical potentials to be read from file "bypass" for the first
ITEMP species.

143 DUMMY2 character flag that enables the use of the Pitzer activity coefficient model
when equal to ·PITZACr. 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 855 for a discussion of the order of
cations, anions, and neutral species.

145 NANlON number of anions for which Pitzer activity coefficient model is used
(positive integer)

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

148-419 SE(i,j,l) array of single electrolyte parameters

The notation for charges on each cation-anion interaction is

I when either cation or anion has a charge of 1

2 when both cation and anion have a charge of 2

3 for all other cases. \" .\..'
'~".
~

SE(i,j,2) p(O) parameter for each cation-anion interaction

SE(i,j,3) pO) parameter for each cation-anion interaction

SE(i,jA) p(2) parameter for each cation-anion interaction

SE(i,j,5) c4> parameter, but this is later converted to CMX (see equation AAb,
Harvie et al. [1984J or equation 2b, Felmy and Weare [I986J, 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 indicale the cation-anion
pair specified on each line, for ease of human interpretation only.

422-433 ME(i,j, J) for i>j. i and j are cation indices, cation-cation ternary interactions. 8ij

436-454 ME(i.j, J) for i<j, i and j are anion indices, anion-anion ternary interactions. 8ij

456-544 PSI(i,j,k) for i>j. i and j are cation indices, k is the anion index. cation-carion-anion
ternary interactions, \jI ijk

546-753 PSI(i,j,k) for i<j, i and j are anion indices, k is the cation index, anion-anieD-cation

ternary interactions, \jI ijk

755-760 NEUCAT(i,j) neutral-cation binary ion interaction parameters, i=neutral species index.
j=cation index, Aij

762-767 NEUANI(i,j) neutral-anion binary ion interaction parameters i=neutral species index,
j=anion index, Aij

769-851 PTZTSI(i,j,k) neutral-cation-anion ternary ion interaction parameters, i=neutral species

index, j=cation index, k=anion index. Sijk

853 ELMAPO.i) maps the location in the species list to the order the Pitzer parameters
were entered:

cation map

854 ELMAP(2,i) anion map

855 ELMAP(3,i) 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 detennined 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+.

+
Similar patterns are used for anions andMgOH+, H+, MgB(OH)4' etc.

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 constraint of solution charge neutrality. The 2nd element
corresponds to oxygen.

860 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.

86! DUMMY, flags and parameters for specifying ion exchange reactions. The value
NSBSTPM, 'IONEX' means that ion exchange reactions are specified on NSBSTPM
NSBSTRX, pennanent substrates and NSBSTRX reactive (soluble) substrates. The
DUMMY! value for DUMMYl indicates what type of mass-action model to use for

ion exchange calculations. This feature is unsupported in FMT V2,O.
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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

I notation; FMT sets temperature to 298.15 Kelvin

2 TITLE99 problem title specified on line I of INPUT file with 'FMT' and version
number appended

3-4 DBASEI, DBASE2 unique identification specified on lines I 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 Novak,
1995a).

8 NAQ number of aqueous species in CHEMDAT

II notation; species listed in order for Pitzer parameters

13-18 NAMES ordered list of cation species ..,,.,..- i"-,
(ELMAP(I,i)) / ~~I

"\l '>J '-':I~:,; "'!'

20-26 NAMES ordered Jist of anion species ~ ",,'

(ELMAP(2 ,i)) '.
"

29-32 NAMES ordered list of neutral species
(ELMAP(3,i))

34-296 table of cation-anion binary interactions and paramete;:-s

NAMES UCation" species column
(ELMAP(I,i))

NAMES "Anion" species column
(ELMAP(2,j))
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,':;- '- SE(i.j.2) "Beta(O)" column. ~(O) parameter for ith cation. lh anion interaction

SE(i.j,3) "Beta(l)" column, ~(l) parameter for ith cation. lh anion interaction

SE(i.j,4) "Beta(2)" column. )3(2) parameter for ith cation. lh anion interaction

SE(i.j.5) "Cphi" column, c<l> parameter for ith cation. jth anion interaction

ALPHACH "Alpha-Values" column (a l . ( 2) string that states electrical charges on
(SE(i.j,l))

the ith cation. jth anion interaction (see Table 23, line' 148-419)

298-338 table of cation-cation ternary interactions and parameters

NAMES up to 10 columns of cation names on a line after leading cation
(ELMAP(I,j))

NAMES name of leading ith cation in the order listed on lines 15-18
(ELMAP(I,i))

ME(i,j,l) cation-cation ternary interaction parameter, 6ij

341-416 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,l) anion-anion ternary interaction parameters, Bij

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(l,i)),
NAMES
(ELMAP(I,j))

PSl(i,j,k) cation-cation-anion ternary interaction parameter, \V ijk
. "

581-965 table of anion-anion-cation ternary interaction and parameters



NAMES up to 10 columns of cation names on a line
(ELMAP(1.k))

NAMES two anion names
(ELMAP(2.i)).
NAMES
(ELMAP(2.j))

PSIU,i,k) anion-anion-cation ternary interaction parameter, IjI ijk

967-982 table of neutral-cation binary interaction and parameters

NAMES up to 10 columns of neutral species names on a line
(ELMAP(3,i))

NAMES jth cation name and up to 10 binary interaction values. A.ij
(ELMAP(l,j)),
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,i))

NAMES jlh anion name and up to 10 binary interaction values, A.ij
(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 jlh cation and kth anion names
(ELMAP(1,j)),
NAMES
(ELMAP(2,k)) ..

PTZTSI(i,j,k) up to 10 ternary interaction values, Sijk
.,,-

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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CDUM1,CDUM2 5 extra lines for a TlTRAnON 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
TILELEM

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

1312- listing of each species' chemical properties
1421

i, NAMES(i) number and name of ith chemical species

PSNAME string notation for the phase of the jth species
(PHASE(i))

MWSPEC(i) molecular weight of ith species; computed as:

2:FORMULAU,i)*MWELEMU), where FORMULAU,i) is the
stoichiometric number of jlh element in the ith species, MWELEMU) 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 ith species

1430- table showing relationship of species to elements ,

1545 "

i,NAMES(i) number and name of jth chemical species \
\, .

./

FORMULAU,i), stoichiometric number of each element in the jth species
"""--- ......,

j=l,ttlelem
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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 gIL, PMINERALS' 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 gIL. 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
ofFMT (Novak, 1994) that is no longer supported. The only place this information is used within
FMT 2.0 is in calculating the volumes ofthe 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.

.. ***WARNING***

The user should Ilotand is nofexvected to change theRHOMIN me.

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 i th 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 nonnal FMT run will tenninate with a message displayed at the user's screen of either
"SINGLE BATCH EQun..mRATION COMPLETED" or "End of Autotitration Problem" for a
batch or titrate problem respectively. Fatal errors tenninate the exe<:Ution ofFMT 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 . ..

[on unit 6J
"Charge" abundance is not nlJJtlerically 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
•••••••••••• * •••••• ** ••• T*******.******

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 I.Ox I0-13. 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

• "INJECTED," the fust or titrant solution does not have a zero charge
balance

f
; -.

l
'. '. .. ....'

" .J
~......~~:, ...~ ..

, 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.
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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 file to zero.

8.1.2 check problem type ...

***************************************

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

[on screen]
CHECK PROBLEM TYPE SPECIFICATIONS

[in OUTPUT file I
check problem type option: BATCH or TITRATE
***************************************

8.1.2.1 Explanation

On line 4 of the INPUT file (the CDUMI 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.

***************************************

[on screen)
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

ERROR IN INITIAL ESTIMATE ...8.1.3

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

[in OUTPUT file]
ERROR IN RESULTS OF FEASBL
Results of call to FEASBL. IER= 2 [or) Results of call to FEASBL. 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.

8.1.4 INPUT ERROR to ...

[on unit 6J
INPUT ERROR to FEASEL
NEQ.gt.IDIM .or. IDIMPl.lt.IDIM+l (or] NEQ.ge.NVAR

[on screenJ
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

[in OUTPUT file]
ERROR IN RESULTS OF FEASEL

- Results of call to FEASEL, IER= 1
***************************************

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+I [or1NEQ must be
greater than the number of variables, NVAR.

Contact the code sponsors. This message indicates prograrruning errors.

8.1.4.2

8.1.5

Suggested Solution

MAXELEM= 'value for ••.

[on unit 61
MAXELEM= 'value for MAXEL~~'

TTLELEM= 'value for TTLELEM
Parameter Dimensions Too Small for this Problem
Must Increase MAXELEM to MAXELEM='value for TTLELEM+l'

(on screen)
MAXELEM DIMENSION IS TOO SMALL
***************************************-
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-.
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 ••.

***************************************

[on unit 6]
MAXSPEC; 'value for MAXSPEC'
TTLELEM; 'value for TTLELEM'
TTLSPEC; 'value for TTLSPEC'
Parameter Dimensions Too Small for this Problem'
Must Increase MAXSPEC to ~~SPEC; 'value for TTLELEM+TTLSPEC'

[on screen]
MAXSPEC DIMENSION IS TOO SMALL
***************************************

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.

8.1.6.1

8.1.6.2

Explanation

Suggested Solution

-

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

8.1.7 MUST PUT ALL AQUEOUS ...

***************************************

[on screen)
MUST PUT ALL AQUEOUS SPECIES BEFORE MINERALS

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

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 . ..

***************************************

[on 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 ROUTINE 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

or
Negative species abundance in inguess file
'species name' 'abund value'
STOPPING EXECUTION in ROUTINE FLASHIJ
***************************************

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 FMT2PO",
the 'TITRATE' flag was set in the INPUT flIe. The first line of the error message
"Negative element __ .n 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 -LOxlO-12

The other error "Negative Species Abundance Entered" is generated when a species amount in the
INGUESS file is negative. The OUTPUT file 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'

FLASlllJ", the 'TITRATE' flag and the 'MOLES' 'EXACT' flags we::e set for either the
titrant or titrated solution by the INPUT ftle

8.1.8.2 Suggested Solution

Change the negative amount in the INPUT or INGUESS ftle 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 ...

****.**********************************

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

[on screen]
No Convergence on Equi Solid Suite

[in OUTPUT file]
EXITED SOLID ITERATION LOOP. MAXIMUM REACHED
diagnostics, no solid convergence achieved
list of element abundances follows:
'value for ABUND{i) , 'va1ues for ELNAMES{i) •
list of species abundances follows:
'value for NMOLES{i)' 'values for NAMES (i) ,

-
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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 ...

***************************************
[on screen]
PROBLEM TOO LARGE FOR SPATIAL ARRAY DIMENSIONS

(in 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'

***************************************

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 parameter 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.

***************************************
[on unit 6)
Species "H20" must be first species in list

Also. the first 3 chars. must be "H20"

[on screen]
FIRST SPECIES NAME IS NOT H20
***************************************

'.
\,,
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This error occurs in CHEMDAT when the variable NAME(l) 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 . ..

***************************************

[on unit 6]
To use TITRATE option, specify:

'TITRATE' 'LINEAR or LOG10' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant vollunes.
When LINEAR is used, multiples of DVMIN (roLl are added to each beaker.
When LOG10 is used, volumes from DVMIN (mLl to DVMAX (roLl are added to

each beaker on a logarithmic scale.

[on screen)
Check Specifications for TITRATE Option

[in OUTPUT file]
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 LOG10 is used, volumes from DVMIN (roLl to DVMAX (roLl are added to

each beaker on a logarithmic scale.
***************************************

-

8.1.13.1 Explanation

This error occurs when the INPUT file does not contain the one of the strings 'LINEAR',
'LOG10', or 'ASREAD' following the required 'TITRATE' string after the section of unused
values (See line 100 in Table 5).

8.1.13.2 Suggested Solution

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

***************************************

[in OUTPUT file]
Trying to shift reaction to the left, but

SMLPRD is .LE. O.dO

8.1.14 Trying to shift reaction . ..

-



FMT, Version 2.0
User's Manual, Version 1.00

[or]
Trying to shift reaction to the right, but

SMLRCT is .LE. O.dO
***************************************

WPO # 28119
November 17, 1995

Page 77

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 . ..

***************************************

[on screen]
VALID CHARGE BALANCE ELEMENT NOT SPECIFIED

[in OUTPUT file]
Need to specify the charge balance element
***************************************

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" ...

***************************************

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

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 {roLl are added to each beaker.
When LOGIO is used, volumes from DVMIN (roLl to DVMAX (mLl are added to

each beaker on a logarithmic scale.

[on screen]
second TITRATE flag incorrectly specified

[in OUTPUT file]



To use TITRATE option, specify:
'TITRATE' 'LINEAR or LOGlO' DVMIN DVMAX

where DVMIN and DVMAX are the minimum and maximum titrant volcrnes.
When LINEAR is used, multiples of DVMIN (mL) are added to eacc beaker.
When LOGlO is used, volumes from DVMIN (mL) to DVMAX (mL) are added to

each beaker on a logarithmic scale.
***************************************
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-

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 also 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" system error results, halting FMT execution. The FOR088 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 waming 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 phrase
indicate that the run time value in FMT will be listed.

***************************************

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

BATCH CALCULATION ERRORS ...

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

8.3.1

[in OUTPUT file]
BATCH CALCULATION ERRORS, L2 norm 'value for L2 norm'
{a listing of the initial and final abundances, element names and the absolute
value of the differences between the initial and final abundances}
MASS BALANCE ERROR INSTRUCTIONS
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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 I.OxIO-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 LOCAnON OF ...

***************************************

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

[in OUTPUT file]
CANNOT FIND LOCATION OF "H+" INVALIDATING pH VALUE
***************************************

8.3.2.1 Explanation

This message occurs in the CHEMDAT file when the exact species narne 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 ...

*************************************~*

[in OUTPUT file]
"EXACT" mole amounts not charge balanced

CHARGE= 'value of charge ABUND'
***************************************
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r' 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 l.OxlO-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.

8.3.4 MASS BALANCE ERRORS ...

****************~**********************

[on unit 6J
MASS BALANCE ERRORS at ISPACE= 'value of Erlenmeyer solution'
***************************************

8.3.4.1 Explanation

This message wams 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.

8.3.4.2 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.

*********~*****************************

AQ vio 'value of mu' ...

[in OUTPUT file]
AQ vio 'value of rou' 'species name' 'name index number'
***************************************

8.4.1

This message occurs in a batch problem when the mu value or concentration of aqueous/sorbed
species exceeds l.OxlO-24 as specified by minabuxl.OxIO-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 ...

***************************************

[on unit 6]
***********************************~***********

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

[in OUTPUT file]
***********************************************
***********************************************
**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
****** BUT CONTINUING CALCULATION ANYWAY ******
***********************************************
***********************************************

***************************************

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

8.4.3 MU(ttl)= 'value ofmu' ...

- ***************************************
[on unit 6J
MU(ttl)= 'value of mu' x 'value of Erlenmeyer solution'

[in OUTPUT file]
nonconvergent elemental abundances
MU(ttl); 'value of mu' x 'value of Erlenmeyer solution'
table of element abundance
'value for abund(i) , 'value for elnames(i)
***************************************

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 ...

***************************************

[in OUTPUT file]
************SOLUBILITY PRODUCT VIOLATION*************

'species name' ** 'value of mu' **
***************************************

[on unit 6]
************SOLUBILITY PRODUCT

'species name' ** 'value of mu'
VIOLATION*************

**
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This message occurs during execution of a batch problem when the mu value or concentration of a
solid species exceeds I.OxIO-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. .

8.4.5 'count of' Solubility Product Violations . ..

***************************************

[on unit 6J
'count of ' Solubility Product Violations
Adding solid 'name of solid species most oversaturated'

[in OUTPUT fileJ
'count of I Solubility Product Violations
Adding solid 'name of solid species most oversaturated'

***************************************

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 . ..

***************************************

[on unit 6J
Switching Routine Hung, Ending Batch Calculation
*** Flash Calculation Terminated ***
*** Infinite Loop Encountered ***
*** spacepoint;'value of Erlenmeyer solution'

[in OUTPUT fileJ
Flash-Terminated (sp) 'value of Erlenmeyer solution'
*** Flash Calculation Terminated ***
*** Infinite Loop Encountered ***
*** spacepoint; 'value of Erlenmeyer solution'
***************************************

A species has a calculated concentration right on the border between existing and not existing
(MINABU value multiplied by 1.0xlO-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 (1.0xlO-22), this message has no consequences unless the user is
looking at very trace species.
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FMT generates a primary OUTPUT (.OUT) file and the secondary output files shown in Figures I
and 2. Secondary output mes vary according the whether a batch (single flash) calculation or titrate
(multiple flash) calculation is perfonned. (A batch problem has one flash calculation. A titrate
problem has a user-specified number of flash calculations.) FOR088 is 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" I."

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.OUT.
"Variable Name" column shows applicable FMT program variables and some fonnulas.

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

)

Line Variable Name Description
/--.. ,.

~:;~>I INFNM INPUT filename. .1

if~~,~:~
\;-.1 ~ll,

2 INGFNM INGUESS filename. \'" ~~ \ 't:·,'i:"'. '",'
\'!o:\~ !;;}
1~

3 OUFNM OUTPUT filename.

4 CHFNM CHEMDAT filename.

5 notation; FMT sets temperature to 298.15 Kelvin

6 TITLE99 problem title specified on line I of INPUT file with 'FMT' and version number
appended

7-8 DBASE!, unique data base identification specified on lines I and 2 of CHEMDAT file
DBASE2
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11-14 this location would nonnally be filled with an echo print of ion interaction

parameters and chemical species definitions, as read from the CHEMDAT
input file (Appendix I). This infonnation is reproduced in the OtITPUT 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 oversaturared, and thus the system was

not at equilibrium.

23 NJ{SPVIO 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 a Fonran page
break and is deleted before printing the remaining line

26-28 TITLE99, problem title and CHEMDAT input file (Appendix I) identification
DBASEI,
DBASE2

29 PRESSUR, pressure and temperature for batch problem
TEMPERA

31-58 table of Elemental Abundances

ABUND(i) "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(i)/ "Aq. Molality" column is the total molality for each element in the aqueous
KGH20 phase

AQMOLES(i)/ "Aq. 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(i)/ hAq. mglliter" column is the total aqueous element concentration in
SOLNVOLx milligrams per liter
MWELEM(i)
x 1000

ELNAMES(i) identifies the element name corresponding to the row of values in the table

-.

\. l
'.'. /

,,~ •..::~~/.



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.
mglliter) printed in the OUTPUT file. The actual calculation of equilibrium is
conducted using mass-based, Le., molal, units. FMT uses a correlation based
on NaCI solutions (as noted on line 35) to calculate solution density from total
dissolved solids (TDS).

61-63 SOLMASS, values calculated from equilibrium compositions
KGH20x 1000.
IDSGPKG

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 SOLNVOL. IDS calculated values based on specified density on line 66

72 DENSITY(2, density calculated by FMT using the NaCI correlation
TDSGPKG)

73 (DENSITY(2, difference between the specified density (line 66) and the density calculated
TDSGPKG)/ by FMT which will always be zero for BATCH problems
SPRHO-1.)xIOO

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(i) "Species Name" column

-
MOLALTY(i) "Molality" column contains the species molality, moles per kg H20, for all
or for solids: species including solids. However, the entry for water is not molality of water,
NMOLES(i)/ which is invariant, but the mole fraction H20 in the aqueous phase, as noted
NMOLES(l)/ on line 170.
MWH20

LNGAMA(i)x "Activity" column is the product of the "Molality" and "Act Coer' columns or
MOLALTY(i) is defined to be 1 for solids

LNGAMA(i) "Act Coer' column is the calculated activity coefficient for the species, which
or 1.0 for solids is 1 by definition for solids

NMOLES(i) "Total Moles" column is the total number of moles for the ith species

NMOLES(i)/ "Molarity" column is the volume-based concentrations calculated from the
SOLNVOL "Molality" column using the solution density described above on lines 60-73

---.
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NMOLES(i)! "mglliter" is the volume-based concentrations calculated from the "Molality"
SOLNVOLx column
MWSPEC(i)x
1000

MU(i)!LN1O "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(l)!
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(I)xlOO equilibrium relative humidity, equal to 100% times the water activity

167 IONICST

ionic strength, in molal units, defined as !:;mi' where Zi is the charge on
1;2

the ith species, mi is the molality of the ith species, and index i 'runs from
species 2 through all aqueous species, with species I 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 ICHEMPOT(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 diagonaIized 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



material on an approximately I kg H20 basis (-55.5 moles H20). The "Aq. Molality" column
given the aqueous phase totals; it is this portion of the output that corresponds to the aqueous phase
element totals listed above. The "Ag. Molarity" and "Ag. mglliter" 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
NaCI solutions.
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Lines 77-161 which comprise the second table, Table of Concentrations for Batch System, list
molality, activity, activity coefficient, and a descriptor for each chemical species that can be made
from the elements with nonzero concentrations. For example, note that there are no species
containing "Air", "TracerEI", "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 1()-{5 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 1()-{5, thus
indicating convergence. The remaining species, Jines 102-]6], all have zero concentration. Most
of these species are solids, and the descriptor is the saturation index, SI=loglO(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 jess than zero indicates
undersaturation. FMT does not allow solutions to be oversaturated.

Lines ]57-158 show that the species NaOH(aq) and HCI(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 ]oglO concentration of
that aqueous species in this solution. (For comparison, one atom in I kg H20 would have a molal
concentration of 1.6xlO-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
executing Np_NaCI_BM_LOG. (It also explains the printout of the OUTPUT file generated from
executing Np_NaCL_BM_LIN and Np_NaCI_BM.) The "Line" column refers to the line
numbers listed in Np_NaCI_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, 0, and P for sample listings
of Np_NaCI_BM_LOG,OUT, Np_NaCI_BM_LIN,OUT, and Np_NaCI_BM,OUT, respectively.)

Line Variable Name Description

1 INFNM INPUT filname

2 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 I 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 OUTPUT 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 this location would normally be filled with an echo print of mineral species
and their densities, as read from RHOMIN. This infomation is reproduced in
the OUTPUT file listing provided in Appendix L and is described therein.

36-44 GBV(i) unused 3 sets of grid blocks in fracture/matrix transpon each containing NS
solutions

46-139 summary information 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 Infonnation for the first beaker (same as Erlenmeyer solution when
336 corrected for different volumes)

337 notation; second beaker of Erlenmeyer solution

337- summary infonnation for addition of DV(2j' to I liter of the Erlenmeyer
435 solution

436 nOlation; third beaker of Erlenmeyer solution

436- summary infonnation for addition of DV(3j' to I liter of the Erlenmeyer
534 solution

535 notation; fourth beaker of Erlenmeyer solution

535- summary infonnation for addition of DV(4)* to I liter of the Erlenmeyer
633 solution

634 notation; fifth beaker of Erlenmeyer solution

634- summary infonnation for addition of DV(Sj' to I liter of the Erlenmeyer
732 solution

733 notation; sixth beaker of Erlenmeyer solution

733- summary infonnat;on for addition of DV(6)* to I liter of the Erlenmeyer
831 solution

832 notation; seventh beaker of Erlenmeyer solution

832- summary infonnation for addition of DV(7j' to I liler of the Erlenmeyer
930 solution

931 notation; eighth beaker of Erlenmeyer solution

931- summary infonnation for addition of DV(8)* to I liter of the Erlenmeyer
1029 solution ,

"'
' .

'. '.:
1030 notation; ninth beaker of Erlenmeyer solution

1030- summary infonnalion for addition of DV(9j' to I liter of the Erlenmeyer
1128 solution

* Summary infonnation for DV(2) through DV(14) not shown in listings for Np_NaCI_BM_LIN.OUT and
Np_NaCLBM.OUT.
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1129 notation; 10th beaker of Erlenmeyer solution

1129- summary information for addition of DV(lOj" to 1 liter of the Erlenmeyer
1227 solution

1228 notation; II th beaker of Erlenmeyer solution

1228- summary information for addition of DV(ll)* to 1 liter of the Erlenmeyer
1326 solution

1327 notation; 12th beaker of Erlenmeyer solution

1327- summary information for addition of DV(l2j" to I 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(l4)* to 1 liter of the Erlenmeyer
1623 solution

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

1624- summary information for addition of DV(l5j** to I liter of the Erlenmeyer
1722 solution

1723 TITh'M TITRATE filename**.

1724 MOFNM MOLES filename
....

, .. ,

I~
',,~

.....~~ ',:.•

.. Summary information for DV(15) in listings for Np_NaCI_BM_L1N.OUT and Np_NaCI_BM.OUT are from
lines 343-441.
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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.
FOR088 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. FOR088 File Description for Batch (See Appendix Q for sample listing.)

Line Variable Name Description

I-lIS NMOLES(i) total number of moles for the ith species

NAMES(i) the jth species names

NMOLES(i)/ the ith species molality, moles per kg H20 (see line 77-161 "Molality" column
NMOLES(I)/ 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_NaCI_BM_LOG.TITRATE. Np_NaCl_BM_LIN.TITRATE and
Np_NaCI_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
DBASEI,
DBASE2

5-20 j, DVQ)*1.d3 jlh beaker and titrant volume added to jlhbeaker
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23-245 table of all species molal concentrations

NAMES (i) up to 9 columns of species names on a line

j, SPMOLES(i,j)! jth beaker and species molal concentration
ACONST(i)

247- j, IONICST(J) jth beaker and ionic strength
262

EH(j) the Eh (an option which is not suppoI1ed in FMT 2.0)

DVQ)*1.d3 titrant volume

PHVECTU) 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_NaCI_BM_LOG.MOLES. (No printouts for Np_NaCI_BM_LIN.MOLES
and Np_NaCI_BM.MOLES are appended to this manual.)

-

~." ,
,-"/,- -

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

.,...... ,

Line Variable Name Description ,

1-3 TITLE99, problem title and CHEMDAT identification
DBASE!,
DBASE2

5-28 ELNAMES(i), listing of the elements, elemental abundances for injected solution (buret) and
ELTOTAL(i,I), initial solution (Erlenmeyer) as read from the INPUT file
ELTOTAL(i,2)

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

Note

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

See Table 1 for explanation of this screen display.

. £nt.~r c:lleI:ld.I.t file name to se.areh on: TlP_om
~. Enter rhomin file name to search on, np_al:\
. Enu:: i.-,put file NI:IIe (without exter.s:ion): batch_dQC

.,: 'OCS-I-Llll.IS. library is WP$~A_O"-SlWOT;IntrJ
:,. 'CHS-S-LIBSf:t, litlrary set
~; .CMS-l-suPEJtSmE. library list superseded

". FY.T.HKWJli'.ft.CHEMI»>T ":In.l.tilll loed"
': r.ft'_~_NP_A!f_"'O.~T"Init.ial load"
:;. Select ~~ name from l~t abo've: fY.T.KY.<'1_Ni>_Nt.Oi1J1[lAT
",:' yOW' 0'05 library list cons;;.StlS of:

W'PSNONPA_OlSROOT: {fY.1'J

':_~nn'_IOiW_NP_,,".ltHoaN"Initial l~d'

:', select MOXDol name from li:ot ilbove: FlfI'_HKW_Nl'_»I.RHOtl:IN
,."' YO\,lr 0tS library list consists of:
; ": WPSNON'P"-.O!SROO'T: [PKr]

WPO # 28119
November 17. /995

Pa{!e fJ]

,.' ~.'

:.1

illIage name: "FM'!'_nrr2PO'
ilMge file ident.ification: 'PROD PA96"
imaqe file .build identification:
link date/eime, 21-[l£C-1995 11;3628.86
linlu!:r identification: "All-14'

;'::; Enterino Su!:n:ol.ltine READ01I.T
;,: reaclizlg chCl'!L.i.cal species data from CHDIDAT fil~

'~'; OG_8Y1'ASS thg set to nOO_SYl'ASS
'.•: [,rtI,TIntATE1BA'I'OLDOC,in; t.o illustrate/docl.llllerlt 'SA'TeM' ru.na
:;' OAT~£: HIorW84/FW86; Np('J)-Na-COJ-OH-Cl-Cl04 lNR94l;
.':' 95,01,31 A1IlI III) -H.. -Cl-C03-S04-POf (l"l'.SJ(S', FJU'90. "1. R11"R92, lUT" ,JlRF" .. l

FM'1' V2.0

~.; A.Ceuraey ot ll'..act.iotLS is
:. : MiniDlwll el~t.al abund.anc:e is
/;.: Nl,mIber at AcNeo'I.IS Species is

1.0000£-06
1.0000£-18

SO

_.: ACTIVITY CO!!". f'1..AG PI'I'2.ACI'
':'; I.Isin; Pl1'%£R 1IrrIV1'T'Y COEl"7ICl!Y!' ~1
.") Cl'l&.rge &ala:.ee replaces elellle:lt. O><ygen

""" £Xit.i."\q SubrO\l.~~T
..~Ch.u ,laq:s: F'LOW/BA1"CH/TITRAtt BATO!
5.: this is .. BA't(:M p,..oblem

:;~ '&eho at Mole S;loe<:i!iclIt.ions: nK:n.ES r.EX1oCT
~'~ £OfO 'fUll!' or~ ABUmlANCES IN Qt."EFLSH
<:~ 110.22236.000000 Hydrog-e."1
.. 55.1654821000000 ~
.. 0.200000000000000 SOdi..
:;'"7 1.000000000000000£-002 Potassi'Wll
:;:. 1.000000000000000£-003 Ka;l'1esi\l!ll
:;(: 1,000000000000000£-004 calcil.l[:l
f.:" 0.110000000000000 Chlorine

1.000000000000000£-003 Sulfur
U 1.000000000000000E-004 Carlx>:'l.
:)::. 0.000000000000000£.. 000 PasIon
';" 0.000000000000000£..000 Neg-Ion

0.000000000000000£"000 Air
,C 1.000000000000000£-007 Boron

f; 0.0000000000000002"000 BrCDine
!'~ 0.000000000000000£..000 Tr&C"U"£l
·:l 0.000000000000000£.000 ~(IV)

..':; 0.000000000000000£.000 "",.{UII
0.000000000000000£.. 000 UlVII

... 0 .000000000000000£.. 000 ~ (VI

0.000000000000000£.000 CI04 .. (ELI
0.000000000000000£..000 Phosphorus

'" 0.000000000000000£..000 Electron.
.) 4. 906053920000000E-017 ChlIJ:lIe

,LT. IMIN1<1IU-l.d-6) mohs Ha802.NaCl.2H20_nepleite_120_C): c1el"switch
".• LT. 1H:I.NABU°l. d.-iS) lIIOles Na.B508. 5H20__Sodi~l"entabor.t.Ill: do..l"switch

,LT. IHJ:N).BU"1.d-6) lIIOles NlIOKla<;). ,to.til;.rat.lI:.base.only: doel"swit.ch
,LT. (KDQBt.l-1.d.-6l IflOles HCl(aq). .to.t.il;.rate.ac:ic1.only: cleU.switeh
,t:1'. Cta:NABU-l.d-6J lI\Oles K26407 .4K20_K-fiotraborllte_ (30_CI: del,,-reopt
.LT. IKnourool.d-iSl lI\Oles B405(OH)4.. B405[OH1''': deUreopt

f ~
i. '" I

\0
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.LT'. l"DQIlU·l.d.~6J IIlOles X8H61S04li Hise.llice; deh,reopc

.1.T. IMno.r"'·1.d.-61 IIlOles KSH4 (CO) 16 .)K20_Je-SeqIlJ.o;:artlor....ce: deh.swit.c:h
.1.T. IH!XABlrl.d-61 ftlles BJO)(OHI4- a303IOH'4-; del"....J.t.c:h
.l.T. 1~·1.d·61 IIIOles C"C12IOHI6.13H20_Ca~bloride A.: dd"switc:h

! •••••• ·······SOUJBIUn PROCUCT VIOIATION·············
,"":'. 111;(0)(12 Br.u:ite·· 1.00&0001'·

••••••••• ···SOUJBILIT't PROI1lCT VIOlATIOO·············
... ~ •• 1iq2Cl!0H1J.4K20 !'.gOxychloride·· 6.69(;·00··.

2 Solubility :PTW.lct violatior..s

: Ioddinq solid KgIOH)2-------::--B~'2o.'7·".'O
;~.H • -l091m/H·l]
pM. -loo;[aCMol] 12.8532
1'Otal Oiao;orw.l Inversl.ons 85
1'otal Stoiehionoet.ric Req:>tiai.:lltions
SIN(;L£ ~1Ol EOVIUBR.\n:Ctl taiP"..£TED

WPO # 28119
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Appendix B: Sample Screen Display of Np_NaCI_BM_LOG

See Table 3 for explanation of this screen display•

. Ent.r eher.o::!.at file narte to search on; rql__

~: Enter rh.olr>irl file natfle to search en: np_1l:Il

.' Enter irlPUt file nuoe (wi~out extensio."'l): rw_nac:l~_loq

.i \O".5-I-LIIlIS. library is ....'?S:u.'PA_Ol5P.OOT; If"H1'J
'" \O'.s-S-LI1lStt. library set
,: -O'tS-I-S\lP£RS:E:D£, lib:t"llry .I.i.st superseded

'. nrr Kl'foI t,'"P MoI.CHDOAT "Initial loa::!"
.. fY.t:~ft:~r'O.omIDAT°Initi",l load"
-~ select OClY.!"T Jl.lllRe hem list above: FY.!'_K1'"A_NP_A."!.CHDmAT
-:' Your 0-.5 librny list consists of:

WP$NONf'A-'~{Sil.OOT:ItKT)
"..:

-,~

J ~ Fl't"t_*,,_NP_Ali.JlHOKIN 'Initial load·
~•• Sdeet P.HOHIN TUl!I'lI! from 1i5t a.bcve: FlrI'_IMi_N'P...M.RJiOMUl

:: Your 0iS library list consists 0::
; " wPSNCfJPA_O!SROOT: {FKrJ

WPO # 28119
November 17. 1995

Pa2e CJ}

::'.
i.l'M.ge name: • FM'I'_FY.I'2PO·

image file identification: 'PROD PA96·
image file build identificati(ln: ••
link <Sate/time: 21-D£C-1995 11:36:28.86
1inlte:r: ide::ltification: •....11-14·

::.: i:ntering Subroutine JU:ADOII:r
:'; ('eliding chemic"l spec:tes datil from O!EMIJ;,.T file
,~,~ tlG_&Yl'ASS U"<l set to nIX>_SY'PA$S
~~,: llenchu.rk TIT1U.TE Problem, LOO10 option: NP(V)02 ",it.h COJ in S.61lnQ1d NIlC1 FHT V2.0
.'~' tl1t.TASASE: KMWBt IFW!l6: Npt'J) -Na-COJ-OH-Cl-Cl04 (NR941:
:,' '5,01, J 1 ).m IIII) -N4~C1-C:;l3-S04-f'04 (FRSR89 , FRF90. P91, ftFf'R'2, RFF94, ARFF'4l
:.1
t,:; AeC\U'4C:Y of re4ctions is
t . Hini_ elemental abundance is
A:,i: llUlr.bt:r: of >,q...ous Spe<:ies is

~.: ACTIVITY COU. FU.G P:tn.ACT
;..; using P1T'tg AcrIVYTV COEFf'Icyn:r =odd
~;. O'..r~ Balance re-plac::es ele:Del1t 0Xyve....,.
'. ~ £Xi tinq Subroutine ~T
...l Char rl.ags: FLOW/BA'!OI/TI'TRATE TrntAn:
:' : this i$ a TrnATrCW p:r:ob1eo

0000E-06
OOOOE-U

"

D;PLICIT

;::: Ch.J:'ac::ter Flag$: J.C. nMOtES
,,', O\&rac::ter 'lag$: I.C. n."::)[.£S
:~ TEMP i$ an unused local var~le

nEXAcr
nEXAcr

180000 100000000

::" T1T7tATI~ option requires delt.alxl ..O. 01 I'letf!l::S
Defining de1ta(x) ll$ sucn

:;:;
':': t1If1'tJS Pax_ter UNtJSE:[)z nDIFFUS
(:. C'OtNl:C Pa:r:_ter ~-..ssm- CONVEC
( 'SSDIfT Par.-tar tNJSEI)z nSSDlTF
:',: US"1".U:T Para:rleter Value Read" nJU:S7ART
':. ~ loMlS£t> I'.r~r.r.s nl'tJSHPt.11.L nJru1,TINJ

.;.~ lNUSED J,)I..I'&l:'loII:ter FRAC FLO

! C !"t1'RATION Probl_,
f; _) .u"i~inq all ddta.{yl to 0.1 :II

.'" 0) Sl!Ittino;, • of node5 in Y-d~rection to

.;: -) Setting ro.~ Porosity t.o 0.0

. Char t1aq" UNUSED UNUSEO RHSFDIF
:;. Ch.ar r1aq" UNVSED tJ7.o'USEtI rU«>LES

: •. "I"fJolJ' i.s Ill"l unused 10el.1 variable 9.99999999399,"'£-0:/1
:';: Charaeter Flags, VPOROS FRF'lASH VPOF.OS FRFL1\S!i
;.,
" : Speeityi...; VllIABLE POROSITY for 'TITRATION Problem
;:'.
;';. Charaeter f1 ..g5: VAR_....Q...RHO VAR_A~RHO FRFUISH
~': :
:" Aqueou$ Density is II Function of Composition
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

~ ~r Flag is u:.VSEO: NO X OIFF rH;) X OIN"
.: O1ar Flag is m."SED: UNIfOJtH tNIFOJIM

i~'pnH" -log[lIlfH... ll 11.61"
i>pH" -loglaIM..-,) 11.1497
';;JXIlH .. -log-rmlH.)] 5.9141
~ . pH" -log[llIM.] J 5.3205
,.;: TI7RATlOO Ch&rllcter Flag'S
,<. ..~ .. 'I"!'TRA'n c~IIl:'2" LOG10

First Volu:ne Added .. 0.10 ....r..
Find VQ1=-e AdOed 10.00 lrJ,.

~ t.df .. -loql.,(H.j J
<:':pK .. -l09{a(H·dl 5 J20S
:-.'pnIi .. -log[m[H.I]
"~pH.-log[a(H"IJ .6451

'pnH e -log{m(H.. //
'",_ pH .. -loq!aIH"lj 5 9936
:,.:; P*l .. -loglaIM.')
":~pH" -log(llIN.11 7.9427
:;:, pc:ii .. -log[m(H.) J

'.' pH .. -lOO'[alH.)j II"/:!2
~:~pczfl .. _loql::o.lH·IJ
:(". pH ,. -log[a(H.. I) 92225
',;;::pmH .. -loq[III(H·l)
'-: pH .. -log[ll(H.l] .4695
• . : pmH .. -log [mfH.) 1
.':pH" -loqlll(H.l] 9.6719

... : p:lH .. _log!r:lfl1·1)
:',: pH .... loq(alH·I! 98493

;".p:ii .. -log[IIIlIH·IJ
· .,.~ .. -log!a{H·' J 10 00'8
,.-~ ...109lmlli·1I

"'pH" -log(aIH.J} 101518
":J pmH .. ·loq!DlIH.l)
· .~;pH .. ·log(llfJi.l) 10.2'55

pmH .. -loq[m(H.J J

:;:'.pH" -log/aIH.J] 104U)
: ,':' pril .. ·log!IlIIH·) J
:~~pH" .1og:laIH.'l 105tS4
".:'~' pril • ·loqllll(H·I!
:.:::.pH" ·log[a{H.ll 10 ES94
~:':. End of AU1:oTiuacion ProblClll.
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Appendix C: Sample Screen Display of Np_NaC'-BM_LIN

Note

Lightened text same as screen display provided in Appendix B.

See Table 3 for explanation ofthis screen display.

~'.-

::.~'.,.: :~.,

:'. ~.'.:
:: £:'lte!' itQut file. nA:le Iwiu.<rut extf!:l'lSionl: r.p_nael_~lin

' ..~.,
, : ~-. ':::" .,:
.:'.:':::

:::.... .:, ~.:.:.~.:.:.,.:: ':-::-:.'-..

.....: :"

.'. ; ,,\ \. ':::.'<

..: '-'.. ",
..... : ''';' ~'. ~," "" . -, ..... ::

·,.,t.

",::
. ;-"':",:-'

-. ~;

::,' .,,-y ., ."'~.~••

.'.- ..

, " ... t" ,... :, ~ ,

::. eeneh:N.r"k !1~T£ Probl<tlll. Ln.EAR option: Np(Vl02 with CO) in S.61Jnolal lQCl fY.1" V2.0
:", ~,..

;:.... ;:-;:. -:, -' -
:.' .": '.,.---::,.,-,

".:;';;:'.'

.', . -;.- .:':. ,', ;.:;..'

'.' ~'.

-,' ,,':'.

;.;.' -' ,- ~-..:.-...

"-.~' '.. , '. ; .....:. ;:.:-", :,:-:-;". '-
'C;••• _

:.'.: :~."

:'i,:.~:., :-.: ~~.::':'.:';"'.'" ',~."::':~',:-

':':::.-:.': ,,' ";.,.... ~. ,

.'.: :, ......

'-,;.. :

: <: ,,::.-:; ,": •• :~ " ..... ' ,':

-
.',,:.' ... "

:.';': .. ,

'J., ".:,.'"'
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. -.
:'

; ...... ' .." .
:,

.• c~·· ".:;,:: ;'F:."

: "v·

-" .".;

": . ~:.: ; . ~ .'

:.: .
•••Co"

.;,
;: TITP.).TItt: Cha.ract.e: Flags

e~. TInAn:; c:d:,m2:

"i1:$1: VolUlr'e Added ~

j:" Final VolU!lle .lidded •

'-"''EM
0.10 ll>L

40 1l'.L

.:: pcl'IIf • -lOQI~Ot·ll

~':PH" -I09I.IH"I) S.320S
~"'pWi. -loqlmflt.. ll

':;;'pH" -109(a(H"1I 5.6451
''''. pnH .. -1r:>g [lrl(H.. I I
":'."pH ,,-log[arH.I] 7.818]
' ... ,pWl. -Jog/mlll_)]
';.: pH" -10;[a(H-11 9167
"."::pnH. -log!!II0t.. ll
'':;;:pH. -l09[.aIH"I] 1977
-,~:pnK • -lQ9(Irl(K.. j J

", pli • -lool.lli"l) 9 3641
. ':~" -logla/ft.. )}
··:;pH. -109[4IH.. )] 94821
:; pnH • -l09!ml!i.j 1
".fop!! '" -ll>9[a{H"I] 5733

":.\plI'IH. -log[mOI... I]
':':pH" -1oo(4m"IJ 9.6473
'-":plllH. -l00{lII(H.. I]
'·';pH. -l09[ll(H"I] 7095
"", ~ .. -loq[mn{·ll
!'!"pH" -109{&IH"I] .1631
".-pcil. -loq(l!Illl·l)
:.~,pH. -loqlaIH... ,] SlOO
'/ pi!IH • -log-{m/Ii.) J
::;:.pH. -1091_1)1"1) 98517
::::.pmH. -109(IIl.{H·I)
~7k pH • -109(aIH.11 9 8192
.~.~ p:oH • -1091I1lHf·l)
-"~. pH a -loq!.U{.I) 9.9232
~:•.' End of Auto'titration Proble:rr;

S 9141

6 2386

4U6

9 •.5098

,906

9569

10.0,4f

10 1656

10 2395

10 3015

10.3548

10.4016

lO.~~Jl

10.480~

10.514.2
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Appendix D: Sample Screen Display of Np_NaCCBM

Note

.Li2htened text same as screen display provided in Appendix B.

See Table 3 for explanation of this screen display.

. . ':''''''.''

;., -,~. ; _;t· ..•. ,,; :-
:; O'ltll!r it'.put til", r.&'lIe {wic..'K7'''t e.><ter.sionl: r.;>_fWcl.-bfl
(, . . .. ":.; ~ ,;:-",_..:-:....

•..•.• !"1.~...::::

:';", ..';. '"

.... : :,~,: ,. :.. .. ", ~

- /:

: : , '" ; ~ ", ".'

-, , ." '\ ;:;:

;.' ':'" " •.-;. F::.:· ,.. ; ;.' ...... ;:.. '
> "

::~.

.. -. :. .~'

.. - -:..

,.:",....

.::~.

:.:'- ; .. '

;.: :':',

';'..: :,'

FY.r V2.0 "t,.,
\;

-.-, .. :;':-,''': "~:-.,.-~ ~'-

I"J

'. '.; : r .," i. r.·',: . . ;.: ... :...; :'::-: ,.~.' :: :.,.

".~ :.; :.
::::. :.:..~':"'. :; ':"'."

,'.
::r ~;- :•.;-:.... . : ••~ ~ ''''._'"'''.'''' "":~.',.-.'

'::,.""

,.. .. ; :. ~ .
•~; • :';,:,;,..-: ••••.• .':'"I.• ~. 0

-
"\',,;.,':.;

.. I : ''':.:;~' ::' •

,J';
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.,.; ..

':.

"'., "~;..-.~ ...,....., ';.

,.. ..:. .::"-;f'·:·:-"

"", ~ ,";,.-.

..... .. : .~...- , ,

- .. , ; :,., . -.

'-'-.. '

:.... ~.;-
...:: ..

~,;. 'tI1'RA1'!OO Character Flag's
-;::: c:d:.a=>.ls '!':'TRATE Cg~", ASRa.tl
/ t"eading tit;cant volUllle$ tca.:. ir.;Jl,lt file
,;. f'irst VOlu.e Added .. 0.10 J:lI.

f'irwol Vol_ Added 10.00 mL

(·'l;:-r,H .. -log!lllfH.I)
""'1' 5»)1 .. -loq{a\H.,I 5 320S

'C: pril • -1001 ... 1101+1)
:!".~ pH. -100la/)I+11 6451

;. pril .. -log[zn.(H+l]
~;/: pH .. -log la 1M... ) J n36
~..;:~ .. -IOO!tIl{H.. l]
:0" pH .. -loo;[a{H+l J 2353
;'), ElIlIH" -loo[rn{H... l]
·~":cn .. -log[a(H.. l] .6996
':",:~ .. -loq[II'l[H·l]

"";~H "' -lC1Q{a{H.l) .9427
':~.~ .. -log(IlI(H"')]
':', pH • -109[_/)1_) J 331'7
'.:;'gmH. -109[Il\(H·ll
':.' pH ., -log!.!H.)] 5655
....• DIllH .. ~l09(IlI{H.l J

";':, pH • -log!a!H.l] 7166
~' .. pmH" -log!m!H+J)',pH. -lO<;'[a(H.)] .8122
'::.pt>H • ·loq[",IH·IJ

.' pH • -loqla(H.ll 9 2225
~.~; pI'tl • ·loq(... (Il.11
;::' pH. -lOQlaIH.I] 4695
,::~ PI'fl • -loglD.IH.)]
":::pH. -lo~dalll"li 9.8493
~::-'.poH. ·lO<11IIllIH"I)
::::- pH • -loglaIH.)] 10.2955
-.:- pr~ • ·lO<11I.IH.')
'.'.'?fl • -logC.'K.. n :'0.659.
::--: End of AutoTieral:iotl Problea:

9141

• 2386

5870

B2B6

7.2'30

535'

'250

1587

3098

4653

8154

10 0620

10 4406

" 8825

11 2341
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Appendix E: Sample Input File "BATCH_DOC.IN"

See Table 4 for explanation ofthis listing.
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. [.FD.TITRATE]BATCH_DOC.in; to illustrate/document "BATCH" runs'
'CHEMFILE'

. BATCH' , . UNUSED ,

'nMOLES', 'nEXACT',
1.10222364E+02
5.5l654821E+Ol
2.00000000E-Ol
1.00000000E-02
1.00000000E-03
1.OOOOOOOOE-04
1.10000000E-Ol
1.00000000E-03
1.OOOOOOOOE-04
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
1.OOOOOOOOE-07
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOCOOE+OO
4.90605392E-17

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
PasIon
NegIon
Air
Boron
Bromine
TracerEl
Th(IV)
AmIIII)
U(VI)
Np(V)
CI04-(EL)
Phosphorus
Electron
Charge .!<"""~'-'::~~-""'"'"

} \
\
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See Table.5for explanation of this listing•.
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-

'Benchmark TITRATE Problem, LOGlO option; Np(VI02 with C03 in 5.6lmolal NaCl'
'CHEMFILE'

'TITRATE', . EXPLICIT , ,
[

" ' nMOLES'. ' nEXACT' ,
1.11017363E+02 Hydrogen
6.15086815E+01 Oxygen
5.61000000£+00 Sodium

·" O.OOOOOOOOE+OO Potassium
O.OOOOOOOOE+OO Magnesium

.;; O.OOOOOOOOE+OO Calcium

" 1.61000000E+00 Chlorine
. O.OOOOOOOOE+OO Sulfur

2.00000001E+00 Carbon
·( O.OOOOOOOOE+OO PasIon

O.OOOOOOOOE+OO NegIon
O.OOOOOOOOE+OO Air

.'; O.OOOOOOOOE+OO Boron
,,", O.OOOOOOOOE+OO Bromine

O.OOOOOOOOE+OO TracerEl
;.' O.OOOOOOOOE+OO ThIIV) -

,! ~ O.OOOOOOOOE+OO AmIIII)
-':( O.OOOOOOOOE+OO U(VI)
~:: O.OOOOOOOOE+OO Np(V)
;:\ O.OOOOOOOOE+OO C104-(EL)

·'
O.OOOOOOOOE+OO Phosphorus

.:l O.OOOOOOOOE+OO Electron
-~,~ -2.22044605E-15 Charge
:.:
'.: I nMOLES' , 'nEXACT' •

" 1.11018363E+02 Hydrogen
',,, 1.05508682E+02 Oxygen
•.•. 1.56100000E+01 Sodium
,.,. O.OOOOOOOOE+OO Potassium
:.~, O.OOOOOOOOE+OO Magnesium
'.", O.OOOOOOOOE+OO Calcium

/-.~
:::. 5.61100000E+00 Chlorine .~ ~i._/ '" "

:n O.OOOOOOOOE+OO Sulfur ~ ' ..; ....... '.f ...'it. '" ,"., \
.. \.. ·'•. l2'·

'.' 1.00000000E+01 Carbon \' . ~h. ;
.;' O.OOOOOOOOE+OO PasIon ~f~$1'{)<.. , ••'~ ,

',. O.OOOOOOOOE+OO NegIon \ ''.1\ '... f

t;:; O.OOOOOOOOE+OO Air . ~",......_.....-.-"
..., O.OOOOOOOOE+OO Boron
:5 O.OOOOOOOOE+OO Bromine
..•. O.OOOOOOOOE+OO TracerEl

O.OOOOOOOOE+OO Th (IV)
.::: O.OOOOOOOOE+OO Ami III)
! :. O.OOOOOOOOE+OO U(VI)
~ , 1.00000000E+01 NpIV)

O.OOOOOOOOE+OO C104- (EL)
:'" O.OOOOOOOOE+OO Phosphorus
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'.:

O.OOOOOOOOE+OO
-2.37316632E-15

Electron
Charge

15 2.25d3 0.0025dO
.- 'nDIFFUS' ,
..' 'CONVEC' ,

'nSSDIFF' ,
, nRESTART' ,
'nPUSHPULL', 'nMULTINJ',

1.800001d5 'r.DXVARIABLE'

:".

c. ~

.~

20 1 20 'nLOTS' 10
-. 'nTGRAD' 'LINEAR'

'FRAC FLO' 'nTWO PHASE' 'rJ1ASS TR'
3
O.ldO 0.2dO 0.3dO
1.d-7 O.dO 0.18291dO 0.2dO O.dO '~~SFDIF' 'LHSFDIF'

'nMOLES' 'nEXACT' Plain old pure H20
1.11017364E+02 Hydrogen
5,55086820E+Ol Oxygen
O,OOOOOOOOE+OO Sodium
O.OOOOOOOOE+OO Potassium
O.OOOOOOOOE+OO Magnesium
O.OOOOOOOOE+OO Calcium
O.OOOOOOOOE+OO Chlorine
O.OOOOOOOOE+OO Sulfur
O.OOOOOOOOE+OO Carbon
O.OOOOOOOOE+OO posIon
O.OOOOOOOOE+OO Neglon
O.OOOOOOOOE+OO Air
O.OOOOOOOOE+OO Boron
O.OOOOOOOOE+OO Bromine
O.OOOOOOOOE+OO TracerEI
O.OOOOOOOOE+OO Pu(III)
O.OOOOOOOOE+OO Am(III)
O.OOOOOOOOE+OO U(VI)
O.OOOOOOOOE+OO Np(V)
O.OOOOOOOOE+OO CI04-(EL)
O.OOOOOOOOE+OO Phosphorus
O.OOOOOOOOE+OO Electron
O.OOOOOOOOE+OO Charge

.'" l.d-12 l.d-20 (fracture, matrix penneabilities)

.... 'VPOROS' 'FRFLASH' (NOFLASH or FRFLASH, default is all flash)
_ 'VAR_A~RHO' 1074.9dO

:.: 'nNO X DIFF' I

co, 'UNIFORM', 0
:;::.

'-.' 'TITRATE',' LOGlO' ,0 .1dO ,10. dO, 'nINJSOLIDS'
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.Note

Lines 2 through 98 in this file (lightened text) same as lines 2 through 98 in file provided in
Appendix F (NP NaCI BM LOG.IN).

See Table 5 for explanation ofthis listing.

'Benchmark TITRATE Problem, LINEAR option; Np(Vl02 with C03 in 5.6lmolal NaCl'

.. :'...- ..

. .. .-. " .. : ',~.:

-.:. '. '.' ". ".- '.'
",;. ,; ,..-' ",;

"(.'" '-":::'.~'-'. " ,. ,. " ,. " " ,. . ,. ;.:

'.',' '.' '.-.'",. ; ,",' ; '; ,', '.:;:" .:.', '';

.; ,-; .~.

"'-,'-.', ...

:'"'-- .

,.' ". ' .,.,: ~

; ~ '.'

..'.... '

c~·J~::.-q(,;

...

t.;



_.
FMT. Version 2.0
User's Manual, Version 1.00

Appendix G: Sample Input File "N?_NaCI_BM_L1N.lN"

WPO # 28119
November 17. 1995

Paoe 109

'__ ::. ~ .. ~. c.?::'

J ",,: . ;

." ..
-., _......

, . -.... ,..~ _. --:;:

,. '-.~ ,.. . ":', -. .:'.-

_._~;_ •.. ;~~.. ~"':'"

'::_;~:?-;~ ....~
". . ~.:~":':::":: .

}
./'

~ .. -,"-', ,.

"... ~. ~.~

~. ~ : - ;

.::"'._..

:~ ...:::

" ,. ",.. ,. ,-
" .' '., ... ',' ~ " :~.. , , , . , ,

.. '.. :~ _. ,; '.;

'::'..
":., '.

.. ~ \.. -." " " - .'.:'.'-

'. :.",\: .,.., .

~.:

. ,

'i'

,'"'

",
-

.-
.". ' TITRATE' , 'LINEAR' , .1, 10. 'nINJSOLIDS'
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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 TableS for explanation ofthis listing.

'Benchmark TITRATE Problem, LINEAR option; Np(V)02 with C03 in :;.61molal NaCl'

'.' ..- ~~ -.'

.. " -.'" ..

~- ,' •.. ' ,

" ,::- ..

, ,',', -; ~', ,:::" ... '. ';

..- .. ,

;'...:. .

""" :

" . '.',". ,. ,: ,: ,: ,.

."
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Appendix H: Sample Input File "Np_NaCl_BM.IN"

" ~
.. , '.'-'.' ,
/', ",', .... , ;::: _. '.:'-C

'::. - ~"~~:;!;.-:.:::.-

f,.

:: :. :. ~: :. :. :;,';" , .

; :.
. .. ,_ ,; ..... ,_ L=: ,.,

,..-
.'~ '•.•. , ~ • ~ =."":'

...., -,:'. ':.-

, '.' , '.'.' .' .:.~ l':,;'

;::

_.>

:', _.. ' _..
: :~ ,:.
_~ .0. __ ._

-" ,.~. -:;'

..
-"

-:-;~ .

;'":.: "

.. -. ,"-
r ....·

:':;: {"of:

- .. '_ ....-~:.:' :';:'-'

'-::,:

.", "-~-"';.~E i· .,

., ,
, . ' .. -.,', ,

"""""":; :)E-·; 'J

! ..... !.,',',.... ,." ",:,:

t· '. • ,.
~: - .,;:....,.... ,.--'",.-

'.
::

.j":

-:2

.. .."

.<:

- ::

'TITRATE' 'ASREAD·,O.ldO,10.dO, 'nINJSOLIDS'
'J: 0.10000
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0.14251
0.16
0.18
0.20309
0.22
0.24
0.26
0.28943
0.41246
0.58780
1.1938
3.4551
10.000
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......
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" ',. '.: ...~
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Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

1.1 Listing

See Table23 for explanation ofthis listing.

'DATABASE: HHW84JFWS6; Np (VI-Na-C03-0H-CI-CI04 (NR94);'

'95.01.31 J\In(II!l-Na-CI-COJ-S04-P04 (FR$RB9.FRf'90,P91.RFFR92 lU'F94,RRFF94)'

. 23 115 'n.NEW T' 'nACTCOEF' 'nECHO' 'nAaCD'
. 200 l.d-6 l.d-18

'NONE' 298.15 lodO lodO

',; 'Hydrogen' 'Oxygen' .Sodium' 'PotassiUJll' 'Hagnesiwn' 'Calcium' 'Chlorine' ·S".l£=· 'Carbon' 'PasIon'
'Neqlon' 'Air' 'Boron' 'Bromine' 'TracerEl' 'ThlIV) , 'AmlIII) , 'U(VI), 'Np(V)' 'Cl04-CEL)'
. Phospho:rus' 'Electron' 'Charge'

., 100'7915.999422.98977 39.0983 24.305 40.08 35.453 32.06 12.011 0.0 0.0
28.8410.8179.9040.0232.0381243.0238029237.048299 4506 30974 00.0

'H2O
'Nll"

'K'
,", ·ea....

. Mg...
'. 'MgOH..

·M..

WATER' :2 1 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0
Na.' 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
K.· 00 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

CaH' 0 a a 0 0 100 000 0 0 0 {} {} 0 {} {} 0 0 0 2
Hg'H' 0 0 0 0 1 0 0 0 0 0 0 0 0 000 0 000 0 0 2

MqOH ·1100100000000000000000 1
H ·1000000000000000000000 1

1 -95.6635
1 -105.651
1 -113,957
1 -223.30
1 -183.468
1 -251.94
, O.

HHW86
....86
....86
_86

....86

""86
""86

'Cl-
, 504=
'HS04-
'QH-

;-: 'HCO)
'C03 ..

Cl-' 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
504"" 0 4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -2

HS04-' 1 4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
OH-' 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1

HC03~' 1 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
C03-' 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -2

-52.955
-300.386
-304.942
-63.435
-236.751
-212.944

....86

....86

....86

""86
....86
....86

-. . C02 (aq)
'CaC03 (aq)
'MgC03 {aqJ

CO2 {aQ)' 0
CaCOJ (aQ)' 0
MgCOJ (aq)' 0

o 0 0
o '0
o 0 0

o 0 0 0 0
o 0 0 0 0
o 0 0 0 0

o
o
o

o 0 0
o 0 0
o 0 0

-155 68
-443 5
-403 155

·NaOH(aql to titrate.base.only·
" , 'HC1(aql ,to titrate.ac;id,only·

'HC104 (aqJ . . to titrate .ac;id.only·
• PosIon. .P05ITrvE.IQN·

~>~ ·Neglon,. . ..NEGATIVE,ION·
, PoslonlOHllaQl to. titrate,base'

''; 'HNeglon(aq), to.titxate.acid'
.':. 'TracerlaQl conservative.tracer·

3J000000000010
44000000000010
47000000000030
49000000000040
44000100000010
4. 4 0 0 1 000 0 0 0 0 1 0
00000000000001
00000000000000

00000 00
0000000
0000100
00000 01
o 0 0 0 0 0-1
00000000
00000000
00000000

1 -390 81
1 -465.20
1 -963.77
1 -1239.10
1 -692.30
:1 -651,89
1 -999.99
1 -999.99

arbitrary
arbitrary
arbitrary
arbitrary
arbitrary
arbitrary
arbitrary
arbitrary

FW86

FW86
FW86

FW86

FW86
FW86

ar:bitrary
arbitrary

500.
500.
500.
O.
O.
500.
500.
o

,,,,,,,,

o 0 0 0
o 0 0 -1
o 0 0 -1
o 0 0 -2
o 0 0 1
o 0 0 1
o 0 0 -1
1 0 0 -1

o 0 0 0
o 0 0 0
o 0 0 0
o 0 0 0 0
o 0 0 0 0
o 0 0 0 0
o 0 0 0 0

o 0 0 0

o 0

o 0
o 0
o 0
o 0

o 0 0
o 0 0
o 0 0

1100000000
0000010000
0000000000
0000000010
0000000001
1000000010
0000000001
000 0 0 0 0 000

IHOH)3(aqJ'
B(OH)4-'

B)03 (CH) 4-'

8405 (0lI) 4 .. '

CaB(QH)4+'
MgS/OHJ4+'

ar-'
perchlorate CI04-'

'BlOH)3 (..q)
'BlOH)4
'BJ03(OHl4-

"'- '840S(OHl4",
',", 'CaB(OH)4+

·HgB/OHJ4 ...
'Br-
'C104-

0200 0 0 00000 000100 1
1)00 0 0 00000 00010000
2 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -1
o 5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -1
o 8 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 -3
o 11 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 -5

'H)P04 (aq)
'H2P04-

,,; 'HP04_

· P04--

... ; 'NpO:2...

'Np02CH(aQ)
'Np02 (OHI2

". "". 'Np02COJ-
;"; ·Np02(COJ)2 .. 

'Np02 CCOJ) 3 .... -

KJP04{aQ) .
H2P04-'

HPQ4 .. '

P04.. -'

Np02... •
Np02OH(aq} •
Np02 (OH) 2-'

Np02C03- .
Np02 (C0312--'

Np02(C03))"'-'

3'4000000000000
24000000000000
14000000000000
04000000000000

00000100
o 0 0 0 0 0 1 0 -1

o 0 0 0 0 1 0 -2
o 0 0 0 0 1 0 -3

1 -460 90
:1 -455 96
1 -439 367
1 -410 947

1 -369 127
1 -438 518
1 -50S 829
1 -~94. 492
1 -808.4.03
1 -1019.918

RFF92

RTF"
RFF94.

RTF"
N'R94
N'R94
N'R94
N'R94
N'R94
N'R94

o 00000

'Am++'"

'AmCQ3 ...
'Am(COJl2

.~": 'J:\m(C03))"
'J:\m(CHl2..
'Arn(OH}31aq)

AlrCOJ-+ '
Arn(CO))2-'

Am(CO)))"-'

AmIOHl2 ... ·
Am{QH) 3laq) ,

'11>++++'

0000000
0300000
0600000
09000000

2000000
3000000

o 0 0 0
1 0 0 0
2 0 0 0
) 0 0 0 0
o 0 0 0 0
o 0 0 0 0

o

o 0
o 0
o 0
o 0 0
o 0 0
o 0 0

,

, 0 0
, 0 0
, 0 0
, 0 0
, 0 0
, 0 0

o

o 0 3
o 0 ,
o 0-1
o 0 0 -3
o 0 0 1
o 0 0 0

-241 694
-472 060
-69~ 880

1 -915 460
1 -393 647
1 -462 950

1 -999 99

f1<F90
FRF90
FRF90
f1<F90
RFFR92
RFFR92

arbitrary

Ulv:I)02H' 02 0 0 00 0 o 0 0 1 0

-.
'002+-+

'Np020H(aged) Np02CHlaged)'
•Np020H (arnor) Np020H 1arnor) ,

'NaNp02CO) (s) NaNp02C03 (5)'

· NaJNp02 (CO)):2 (s )_DlSABLErLDISA2L£D'

300 0 00
)00000
510001
830002

o 0 0 0
o 0 0 0
o 0 0 0
o 0 0 0

o
o
o
o

o 2

o 0 0 0
o 0 0 0
o 0 0 0
o 0 0 0

-999 99

-4.54 010
-452 642
-713.707

999.99

arbitrary

N'R94.
N'R94
N'R9<11
arbitrary
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, AnlOHCOJ (c) AlrOHCOJ (c) • 1 • o 0 0 0 o 0 1 0 o 0 o 0 o 0 1 o 0 0 0 0 0 , -56:1.980 FRF90

'Am(OHJ3(sJ A:nIOHlJ (51' 3 ;; coo 0 o 0 0 0 o 0 o 0 o 0 , o 0 0 0 0 0 , -492.294 FJlSRS.9

'NaAm(COJ)2 6H20lc) 12 12 1 0 0 0 o 0 :2 0 o 0 o 0 o 0 1 o 0 0 0 0 0 , -1396.494 RRFF94

'lImP04 (c:l AmP04(cl' o • o 0 0 0 o 0 0 0 o 0 o 0 o 0 1 o 0 0 1 0 0 ,
~709.750 RFF94

... 'CaS04 Anhydrite' 0 • 0 1 1 0 0 0 0 0 0 0 , -533.7) ""'<S.
o NaKJ (S04) 2_Aphthitalite/<U;/l.seri te' 0 , 0 0 o , 0 0 0 0 0 0 0 , -1057.05

_..
:O'i 'CaC12.6H20 Antarc:tic:ite' "

, 0 1 , 0 0 o 0 0 o 0 0 o 0 0 0 , -893.65

_..
'CaCO) 1I.rillgonite' 0 3 o 0 1 o 0 1 o 0 0 0 o 0 0 o 0 0 0 0 0 0 , -455.17 -..
't<:2S04 Arcanite' 0 • , 0 0 o , 0 0' 0 0 0 o 0 0 o 0 0 0 0 0 0 2 -53.2.39

_..
,<. 'MgC12. 6KlO Blschofiee' " , 0 o 1 0 , 0 0 o 0 0 0 o 0 0 o 0 0 0 0 0 0 , -853.1 -..

'Na2H9 (504)2 ,H2O Bloe-dite' 8 '" o 1 0 o , 0 o 0 0 0 o 0 0 o 0 0 0 0 0 0 , -1383.6

_..
'MglOH)2 Brucite' , , 0 o 1 0 o 0 0 o 0 0 0 o 0 0 o 0 0 0 0 0 0 , -335.4 -..
'Na6CO)CS04l2 Burkeite' 0 11 , o 0 0 o , 1 o 0 0 0 o 0 000000 0 0 , -1449.4

_..
'CaCOJ Cialcite' 0 3 0 o 0 1 o 0 1 o 0 0 0 o 0 000000 0 0 , -455.6

_..
•CAel2. 4H20___CaC12_Tetl::ahydri te' 8

• 0
o 0 1 , 0 0 a 0 0 a o 0 000000 0 0 , ·698.7 -54

'C...4Cl2l0H I 6 .13H20_CaOXychloride 1\' " 190 o 0 • , 0 0 a 0 0 a o 0 000000 0 0 , ·2658.45 -54
'Ca2C12 (CH 12 .H20__C/lOXychloride B' , 3 0 o 0 , 0 0 a 0 0 a o 0 000000 0 0 , ·778.41 -..
· KMqC13. 6H20 C.Il.rna11ite' 12 , 0 1 1 0 3 0 0 o 0 0 o 0 0 000000 0 0 , ·1020.) -..
'MQS04.7H20 Epsomite' 14 110 o 1 0 0 1 0 o 0 0 o 0 0 000000 o 0 , -1157.8)

_..
'CaNll2 (CO))2. 5H20____Gaylussite' 10 11' o 0 1 0 o , o 0 0 o 0 0 000000 o 0 , -1360.5 _54
'N/l2Ca(S04)2 Glauberi te' 0 8 , o 0 1 0 , 0 o 0 0 o 0 0 000000 o 0 , -1047 _45 -54
'CaS04.2R20 Gypsum' • , 0 o 0 1 0 1 0 o 0 0 o 0 0 000000 o 0 , -725.56 -..
'NaC1 Halite' 0 o 1 o 0 0 1 o 0 o 0 0 o 0 0 000000 o 0 , -154.99

_..
'M9S04.6H20 H@xahydrite' 12 10 0 o 1 0 0 1 0 0 a 0 0 a a 000000 o 0 , -1061. 60 -..
'!<l'IqC1S04.3H20 Kainite' , 7 0 , 1 0 1 , 0 0 o 0 0 a a 000000 o 0 2 -~J8.2

_..
'KHC03 Kll.1icinite' 1 3 0 1 0 0 0 o 1 0 a 0 a 0 0 000000 o 0 , ·350.06 -..

',;,; 'MqS04.H20 Kiese:dte' , 5 0 o 1 0 0 1 0 0 o 0 a 0 0 000000 o 0 , ·579.80 """..
'K2H," (504) 2 .4H20 Leonite' ,

" 0
, 1 0 0 , 0 0 a a 0 0 a 000000 o 0 , -1403.97 -..'N/l4C/l (S04) 3. 2H:20___I.4bile_5alt' , 14 • o 0 1 0 3 0 0 o a 0 0 a 000000 o 0 , -1751.45 -..

'Mg-C03 Ha<;tnesite' 0 3 0 o 1 0 0 o 1 0 o a a 0 a 000000 o 0 , -414.45 -54
'Mg2CIlOH) 3. 4H20___HgOxychloride' 11 7 0 o , 0 1 o 0 0 a 0 0 a 0 000000 o 0 , ·1029.6 -..
'KHS04 M!I!rca11ite' 1 , 0 1 0 0 0 1 0 0 a a 0 a a 000000 o 0 , -417 .57 -54
'Na2S04.10H20 l'tirabilite' " 14 , o 0 0 0 , o 0 o 0 0 0 0 00000000 2 -1471.15

_..
'KSH6(S04)7 Hisenite' ,

" 0 8 0 0 0 7 o 0 o 0 a 0 a 00000000 , -J039.24 -..
'NIlHCOJ Nahcolite' 1 3 1 o 0 0 0 0 1 0 a a a 0 a 00000000 , -343.33 -..
'Na2COJ .10H20 Natron' " 13 , o 0 0 0 0 1 0 o 0 0 a a 00000000 , -1382.18 _54
'HgC03 .3H20 Nesquehonite' , , 0 o 1 0 0 0 1 0 a 0 a 0 0 00000000 , -695.3 -..
'K2MgIS0412.6H:20 Picromerite/Schoen' " 14 0 , 1 0 0 , o 0 o 0 0 0 0 00000000 , -1596.1 -54
'Na2Ca lC03 12. 2H20____P:i.:r:ssonite' , 8 , o 0 1 0 0 , 0 o a 0 0 0 00000000 2 -1013.1

_..
'K2HgCa2 (S04) 4. 2H20___Polyhalite' , 18 0 , 1 , 0 • o 0 o a a 0 0 00000000 , -2282.5

_..
'CarOHl2 Po~elo1Uldite' , , 0 0 0 1 0 0 o 0 o 0 0 0 0 00000000 , ·362.12 -..
'K2C03 . 3/2H20_Potassium_Carbonate' 3 4.5 a 2 0 0 a 0 1 a a a 0 a a 00000000 , -571.31

_..
'K8H4 (C03) 6. 3H20_K-Sequicarbonate' 10 21 0 8 0 0 a 0 6 a o 0 a a a 00000000 , -2555.4 -..
'maC03.6H20 K-Na-Carbonate' " , 1 1 0 0 a 0 1 0 o 0 0 0 0 00000000 , -1006.8 -54

';:" 'K2NaH (C03) 2. 2H20_Potass1.UlILTrona' 5 B 1 , 0 0 o 0 2 0 a 0 0 0 0 00000000 , -911.74 """54
·:'~ · IOH (504) 2_SesquipotassiUlr._Sulfate' 1 8 0 3 0 0 a 2 0 0 o 0 0 0 0 00000000 , -950.8 """54
'2~- 'NaJH(50412__SesquisodiUllLSulfate' 1 8 3 0 0 0 o 2 0 0 o 0 0 0 0 00000000 , -919.6 """..
.~ ... 'Na2C03.1H20__N&2C03-Heptahydrate' 14 10 2 0 0 0 a 0 1 0 o 0 0 0 0 00000000 , -1094.95 """..

':.".' 'KCl Sylvite' 0 o 0 , 0 0 1 0 0 0 o 0 0 0 0 OOOODOOO , -164.84 _54
'K2Ca IS0412 .H20 Syngenite' , , 0 , 0 1 o 2 0 0 o 0 0 0 a 00000000 , -1164.8 """"'Mg2CaC16 .12H20____Tachyhydriee· 241200 , 1 6 0 0 0 o 0 0 0 0 00000000 , -2015.9 """'.

'0 'Na2S04 Thenardite' 0 , , 0 0 0 o 1 0 0 o 0 0 a 0 00000000 , -512.35 -54
'Na2C03.H20 Thennonatrite' , , , 0 0 0 o 0 1 0 o 0 0 0 0 00000000 , -518.8 """54
'Na)H(C03)2.2H20 Trona' 5 8 3 0 0 0 a 0 2 0 a 0 0 0 a 00000000 , -960.38 _54
'N&2B401.10H20 Borax' 20 17 2 0 0 0 o 0 0 0 o 0 4 0 0 00000000 , -2224.16 ...56
'BfOH)3 Bori,,-Acid Solid' 3 1 0 0 0 0 o 0 0 0 DOlO 0 00000000 , -390.88 "'".. 'KB50B .41QO__K-Pent.aborate_(30_C! . 8 12 0 1 0 0 o 0 0 0 o 0 5 0 0 00000000 , -17i0.26 ...56
'K2B407 .4H20_K-Tetraborate_(30_Cl' 8 11 0 2 0 0 o 0 0 0 a 0 4 0 0 00000000 , -1663.47 ...56

· ~,~. 'NaB02. 4H20___SOdi~etal:>orate' 8 , 1 0 0 0 o 0 0 0 o 0 1 0 0 00000000 , -161.42 "'56
'N~S08.5H20__Sodiw'tLl'entaborate' 10 13 1 0 0 0 o 0 a 0 o 0 5 0 0 00000000 , -1854".80 ...56

'.; 'NaB02 .NaCl,2H20_Teepleite_120_C) , , , , 0 0 0 1 0 0 0 o a 1 0 0 00000000 , -")25.77 ...56
..

, :'~. 'nIX;_aVPASS'
, PIT7JICT'
13 tCat Nt!, K, Ca, Hq, MgDH, H, HgS 100) 4+. CaB (CH) 4+, AlII+++ ,JIlrCOJ+, 'lb++++, U02++, Np02+

20 '14.ni Cl, 504, HS04, OH, RC03, C03, B (00) 4,2303 10014,2405 (OH) 4, Br ,Am(C03) 2-, Am(C03 I 3 .. - CI04-, Np02 (OHl2-, NpC, NpC2, NpC3, H2P04, HP04, P04

6 'Neu C02, CaC03, HqC03, B (CHI 3,H3P04
~.~ "

':':' .0165 .2644 .0 · 00127 N.Il.+ Cl- """" lbetaO, be:ta1, bet&2, cphi)

'.':. .01958 1.113 .0 . 00497 N~+ S04 ..

_..
".' . 0454 .398 .0 · 0 Na+ HS04-

_..
· ~ ~ .0864 .253 .0 .0044 N/!.+ OH- """".02i7 .0411 .0 .0 N/!.+ HC03-

_..
.0399 1.389 .0 . 0044 KIiI+ C03 .. ""'''.". 0427 . 089 .0 .0114 Na+ B(OH)4- "'56 ~ ~~:~~ ,.......,,\

.. 056 910 .0 .0 Na+ B303 10H) 4- ...56 .'
:.., 11 40 .0 .0 Na+ B405 (OH) 4 3 ...56

.0 .0 .0 .0 N~+ Br-

.0 ·8.31 .0 .0 Na+ 1\ln(C0312- RRFF94

.94 8.1 .0 .418 N/!.+ 1ulJ(C031J"- RRFF94, =" {'

.0554 .2")55 .0 00118 Na+ CI04- '" "

.. .0 .0 .0 .0 Na+ Np02(OH)2- ""94
.161 .0 .0 .0 Nil.'" Np02C03- ""94 :", /

·.i•.:' .407 .0 .0 .0 Na+ Np02 (C03 I 2"- ""94 'r••~ -1. 97 16 . .0 .0 Na+ Np02 lC03) J .... - ""94
.0533 .0396 .0 .00795 NoIl+ H2P04- '". 0583 '" .0 · 0294 NIl.+ HPQ4= '"'(;: .1781 851 .0 05154 Na+ P04.. - '"
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.0 .0 .0 >0<:0, • Cl-

.0 .0 . 0 """" . SO<-

.0 .0 .0 """" . HSO<-

.0 .0 .0 >0<:0,• OM-

.0 . 0 .0 ~l... HCOl-

.0 .0 .0 """" . ,">J.

.0 .0 .0 -=0,. BICHI'_

.0 .0 .0 ....co" BJO) IOHlf-

.0 .0 .0 M'CO) • B.05lCtlI'_

.0 . 0 • 0 ...cro• ,,-

.0 . 0 .0 ","ell)' AmiCO)) 2 •

.0 .0 .0 AIrCOJ .. Am/COli).·

"<B6",,,
",,,

...."...."...."....".......

-~,......,
...."...."...."...."

" ... B(Of04-
",.. B303 IOH) 4
t\. B405 (OH)4 •
MoO Br-

H. 1Iln1C03) 2
M.. """(003))-
H. C10f,-
Jj" Np()210HI2
tl. Np02CO)-

H· ~ICOJ'2.. •
H. N;1021COJIJ•• •
H. H2P04-
H. HP04=
H· JlO4, .. -

C&B(OHl4+ Cl-
CaB(OH)'. SO'_
CaB(OHI'" HSO' •
CaB(OH).·OH
CaBlotll4. HCO)_
CaSlOO)'. CO) ..
CdlONI"" 1I1OH}4
CAB10fl14" BJ031(f{1'
CABtOH1'. B405IOHI'·
CaBCOHI'. Br-

CdIOH)'· 1ozI.1C0312-
C...B(OHI'" A:nlt:031)''·
CdIOHI •• ClOt.
CABletn .... Np02IOH)2·
CABtCIH,4" N;I02C03
CaBICHI'· Hp02IC0312-
CaB(OHI'. Np02 CCO) I J.. 
CaBCOO1 •• H2PQ••
Call (00)'. HPOh
Cas1OHl4.. PO, __

!'tl;rDIOH)C" Cl
ttgBIO!l) 4. SO..
HgBIClHI4.. HS04 •
HgB/OM)4. OH

H9BIQH1C+ HCOJ
l'lgBIOK1C+ COl.
HQBIQH14+ B(OH14
HqBIOHl4.8J03IOHI4
~",B(OH)4" B40SICflIC"
HgBtOlOC", Dr-
"4BIO.U4 .. A1n1CQ)12
t'->lBIOtlIC. mlCO))).·
KgB(OKI'. Cl~_

HQ'!I10H'/4" NP02tOH12·
MQSrOH)'.o NpC)2CO)·
"QBIC»l:I .... lQ02ICOJI2"
KgIl(QHI4 .. Hp02ICOJI)···
Kt;BIOHI'· H2PO.-
I'IgB IOHI'. KPO"
I'IgBletH4+ POt.·

~..... Cl- nsJl89
~•• SOt. RFT9,
"... tlS04-
ADo- OH-
,.,... HCO)-
.~.. CO)_
~ BfCElf-
Az- BJO)CC!HI'·
>-- B40S ICHI."
/IIJMo Br-
JI,._ JllmICOJI2_
Am.-. ICO) I J- •
AIit>'"' Clot- F1'.P'O
AlJ>o- Np02/OHJ2-
Am Np02COJ_
Am· Np02ICOJI2_·
/1.60+ Np02CCOJI)"·
AJIl H2P04· Rf'F'9'
/1.60+•• RP04-
...,...... PO'''-

-0 0284
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

-0. DOte
.0
.0
.0

.0

.0

.0

.0

.0

.0
. 0
.0
. 0
.0..
.0
.0
.0
.0

.0

.0

.0

.0

.0

.0

.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
.0
.oosu
.0
.0
.0
.0
.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
-2500

.0

.0

.0
.0
.0
.0
.0
.0
.0
.0
.0
.,
.C.,
.,

-92 9
.C
.0

....
. 0....
.0
.0
.0
.0
.0
.0
.0
.0..
.0..
.0
.0..
.0

.0

.0

. 0

.0

·.
·.
.2931
.0......
.0
.0..

.0......

.0

.0....

.0....

.0

.0....
.0..
.0
.0
.0

<OJ
.0..
.0..
.0
.0

·.
.0..
.0
.0

s.-n
.0
.0
.0
.0
.0
.0
.0

Appendix I:

.0
.::~- . .0
~,' .0... .0
:';;;- . 0
;.,.. . 0
;f."~ 114.7
~~.; .0
:;:; . 0

. 0

. 0
0

...:-. .0
J;. . 0
>.
-~; 1 . 16

1 .... , 1 .0
1 .0
1 ..

:-" 1 .0
1 .0

... 1 .0
-<:!':.: 1 .0
L,.,c 1 .0
~....: 1 ......
:'=': . 0
;.~: .0
.(~.. .0
- .0
", .0
--<. . 0

.0
;"":'.',- 1 ."

1 .0
.~ 1 . 0
~;::~ I .0

1 .0
·.n: 1 .0
<. - ~ 1 ..

1 .0
1 .0

~C:!: 1 .0
.~-' 1 .0
~~f 1 .0
.. 1 .0
,~.....-'; 1 . 0
~...~ 1 ..

I ..
1 .0

" 1 .0
1 .0
1 .0

1 .6111
;;- , .0398

1 .0
1 .0

.- 1 .., .0

..~ ... 1 .0
:;;:': 1 .0
':;; .. 1 .0
'~~i 1 .0
:.~) 1 .0, . 0
:;:::', 1 .80
::;,';" 1 .0
'" . 1 .0,

· 0
: ,

· 0
1 · 0, .0

._. , .00;:.•.
., . 0

.0
;'-. . 0

.0

.0.~, . . 0....:. .0
:~: .0
:-~' .0
",- .0
::'; .0
.~;;: ..
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:" : 1 . 0
:",- , 1 .0

1 . 0
" • .t. 1 . 0
:;;;:; 1 . 0
-!'.. 1 . 0
"'.'; 1 . 0

-,.; 1 .0

1 .0, .0
.~.

1 . 0
:.... 1 .0

1 .0, ..",:-: , ..
.... 1 ..
'd,~ 1 ..
'''. 1 . 0

1 . 0, ..
.0

1 .0
".- ; 1 ..
:.-:" , . 0, ..

1 .., .., . 0

Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

2 thru 1.3)

3 t.hru 13)
4 thru 13)
5 thru 131
tI thru 131
., Utru 131
8 tt=.l 1)1
9 thr.l lJ I

10 thru 13 1
11 thr\: 1])

12 thn.J. 13 I
13 thru 13)

. 0 .. .. J"."". C1O'-.. .0 .0 ~O)+ Np02 (C»t12-
.0 .0 .0 -=OJ• Np02COJ-
.0 .0 .0 -=OJ• Np02(CCJI2-·.. .0 . 0 -=OJ• Np02lCOJ 1Js••
.0 .. .0 -=OJ. ",po< •

.0 .. .0 ..coJ. "PO<•.. .. .. """"J. ""--.. .. .. Th...... Cl-.. . 0 .. 'I1'I._.. 50<-.. .. .. Th···· HSD<-.. .. .0 Th·..... OH-

.0 .0 .0 ",•••• HC03-

.0 .. .0 Th· ••• COJ-

.0 . 0 .. Th·...... 8fC'Uf~.. .. .. Tl\...... B30)(0I114·

.0 .. .. Th..... B405((»I14_

.0 .. .. Tb·..... Br-.. .. .0 -n-•••• Arr\(C03l2-

.0 .0 .0 Ttl·...... -'trI(COJ) 3-·

.0 .0 .0 Th...... ClO'-

.0 .0 ·0 '1'h ...... Np02 [0012-.. . 0 .. Th·..... ~COJ-.. • .. Th..... ~21Cl:lJJ 2-·.. .. .. .",_. Np02 (CO)) l"·.. .. .0 .",_. "'PO<-.. .. .. 'n!....... "PO<_

.0 .. .. 'n!........ 1'0<--

1.U4 .. .03686 002•• Cl- '"1.821 .0 01'6 002•• 50<_ '".. .. .. 002•• HSO<-.. .. .. 002•• OH-.. .. .. 002•• HCOJ-
.0 .0 .0 002 .... COJ_
.0 .0 .0 002•• BIOH)'-

.0 . 0 .. U02•• B)O)(OH),-.. .0 . 0 UO:l!•• B4.05 (CH) 4•

.0 .. .0 002•• Br-

.0 .. .0 002•• Ameco));!-

. 0 .. .0 002•• M1CCO)))"·
2.144 .. .02168 ""'.. Clot_

....,.. .. .. 002•• Np02(OHI2-.. .. .. 002•• Np()2COJ·.. .. .0 002•• H;!02ICDJI2·-
.0 .0 .0 002•• N;!02 (CO)1 ) •• -.. .0 .0 002.+ "'PO<-
.0 .. .0 002++ """-.. .. .. 002... P04"-.. .. ·0 ",,,,,. Cl_ ...".. .. .. """,. so._
.0 . 0 .. """,. HS04-.. . 0 .. """,. OH-
.0 .0 .0

._. HeOJ-.. .0 .0 """,. COJ-
. 0 .. .0 """,. B(ca14-.. .. .0 -,. B303 (Ol() t-.. .. .0 lo'p02. B40~IOHI4•.. .. .0 """,. Br_.. .. .. Npa2. ~(CO)12-.. .. .0 """,. Ml(CO)Il .. -

.0 .. .. """,. C1~- t."R911.. .0 .0 -,. .NpQ2 (OtU 2:-.. .. .0 ~. Np02C03-
0 .. .. """,. NP02ICOJ)2.·.. .. .. ...". ~(COJIJ··-.. .. .. t-'P02+ "'>0<-.. .. .. -,. """.. 0 .. .. """,. 1'04:-

1 ,UH, .34:2
1 ..
1 ..
1 .0, ..
1 ..
1 .0
1 . 0
1 ..
1 ..
J ..
1 . 6113
1 ..
1 ..
J ..
J .0
1 .., . 0
J ..
1 0.169
1 ..
1 ..
1 ..
1 .0
1 .0
1 .0
1 ..
J ..
1 ..
J ..
1 ..
1 0.312
1 .0
J .0
J ..
1 ..
1 ..
1 ..
1 ..

-.012 ." ." .. .036 O. o. O. O. o. o. O. N", (cations
. 032 o. o. . 00s .. .. o. O. O. o. o. ., (cationa.
. 007 O. .092 .. O. O. O. .. .. .. C.: (cations.. . 10 .. O. o. o. o. .. O. Mg' (cations.. .. .. .. o. .. o. o. ..."." (cations.. O. .. .. .. .. o. " Cc.tiClflS.. .. .. o. .. .. liOB (CHI II, (cations.. .. .. o. O. CaB1OHI4, (caeiens

O. o. o. o. /IlIf>o>•• , lcations.. .. .. AlrCOJ. , (cat.ions.. .. 1'h+.... , (cations.. \102•• , (cations

~."

',";"

;'.'.

"·:e·

,.OJ

".:.;

"'..
!..:f>:

<:~?

.: '"
":".

:-","

.02..
o.

-.006
-.013

O.

-.OSO
.01.. .02

.02
O.

02 -.06S.lZ
on .10 .12

D. 0 _ O.

,DH D. D. D. O. D. O. D. O.. 1
D. O. D. D. D. D. O. D. O. O.
O. 0 O. O. D. D. O. O. D. O.

O. o. C.1,
O. S04:

HS04:

'.aniens
(anions
lanions

2-201
)-201
t-201
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".....
l ''I o. . 10 o. o. o. o. o. o. o. o. o. o. o. o. o. O. OH; (anion$ 5-20)
.;.. ; - .04 o. - ,10 - .081 o. o. o. o. O. o. o. o. o. o. O. HCO): (anion.!; 6-20).. O. o. O. O. o. o. O. o. o. O. O. O. o. o. C03: (anions 7-20)
~~; O. O. O. O. O. O. O. O. o. O. o. o. o. !HOH)4: (anions 8-20)

O. o. O. O. o. o. O. o. 0 O. o. o. BlO) (ON}4: (anions 9-20)
O. O. O. O. O. O. O. O. O. O. 0 B40SIOHI4, iluaons 10-201
O. O. O. O. O. O. O. O. O. O. B" tanions 11-201

~-) O. o. o. O. o. o. o. o. o. ,l,mlCO) I 2_, lanions 12-201
~-~~ O. o. O. O. O. O. O. O. Jl:r.lCOl) )_., lanions U-201
:.~:: O. O. O. O. O. O. O. CI04- : (anions H.-201
.. O. O. O. O. O. O. Np02IOHl2-: (anions 15-201

".:-: O. O. O. O. O. N';102COJ -: laniOl".5 16-201
O. O. O. O. Np02(CO)1 :l:~-: (anions 17-201

~.~= O. O. O. ~'PCJ•• - : (anions 18-201
--": O. O. 1OP04- : (anions 19-201

O. HPOf.: I ..."ions 20-20)

':':' -.0018 .010 .0 .0 003 .00l ., .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 Na-le,20&l\10ns
007 .055 .0 .0 ·, .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 Na-Ca.:

.012 01' .0 .0 .0 .0 ·0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 Na-Hq:

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Na-MqO!i,

'." . 004 . 0 . 0129 .0 · 0 . 0 . 0 .0 .0 .0 · 0 . 0 · 0 . 0 0 0 0 0 0 0 NIl-H:

".:. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 .0 0 0 0 0 0 0 Na-MqIHONI4 ..
•r~_i .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 0 Na-CaBIOt(I ....

';';'.' .0 .0 .0 .0 .0 .0 ·0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0.0 0 Na-~""

':'.-; . 0 .0 .0 .0 .. .. .0 . 0 .. .. .0 .. . 0 .. •••• 0 0 ~-~, ..
-":::', .. .. .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 .0 0 0 0 0 0 0 Na-Tb.....
-.,. .0 .0 .0 . 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 NlII-tJ02••

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Na-Np02-
.. r.(

~.,;.. ; - .025 .0 .0 .0 ., .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 K -ca,
.:-:-: 022 04. .0 .0 ., .0 .0 .0 .0 . 0 .0 .0 .. .0 0 0 0 0 • • X -Kg:
:';. .0 .0 .0 .0 ., .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 X -"'.gOH:
.;:<. 011 .1'" 026~ .. ·, .. .. .0 .0 .0 ., .0 .0 .0 0 0 0 0 0 0 X ·X

.0 .0 .0 .0 ·, .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 0 0 K -MgBICf{14 ..
'7, .0 .0 .0 .0 ·, .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 0 K -C&BIOfl'l<l •

""J .0 . 0 .0 .0 ·, . 0 .0 .0 .0 . 0 · 0 .0 · 0 .0 0 0 0 0 0 0 X -),m.o- ....
,;_.v,} .0 ., .0 .0 · , .0 .0 ,0 .0 ., .0 . 0 .0 .0 0 0 0 0 0 0 X -A:rC03•

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 .0 0 0 0 0 0 0 X -'nl.......

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 0 X -002...

.0 .0 .0 .0 ·, .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 , 0 0 0 K -Np02..•
!.~':.:

£':'~ -.012 .02<1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 Ca-Mq:

-.' . .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 c..-MQ'OJl:
...:::.~ -.015 .0 .0 .0 .0 .0 ., .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 CiI.-H
:.2~ .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 Ca-J!gB/CfiI .....
-... .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 , 0 0 0 Ca-caB 10K} ", •
~.:..: .0 .0 .0 .0 .0 .0 .0 ., .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 ca-Jt./!to>-
/..::- .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 0 0 ca-AIJICO)..

~~'" .0 .0 .0 .0 .. .. .. .0 .0 .. . 0 .0 .0 .0 • 0 0 0 • 0 ca-Th.......
:':-:': .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ., .0 .0 0 0 0 0 0 0 Ca-U02 ...
....- .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Ca-Np02··

~ .;, ; .028 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 Mg-MqOH:
/.': , •. 011 .0 0178 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 Mo·X

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 Hg-HqBCOH, ..... .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 Kg-CaB COl"' ••
~:'.:: .0 .0 .0 .0 .0 .0 ., .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Mg-Am......

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Hg-AI:aCO)"
t:.":~' .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 • 0 Kg-Th...••
.:;-',--" .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 Hg-U02.·
.·Y. .0 .0 .0 .0 .0 ·.0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 0 0 Hg-Np02••
~:';'

;:--"..:<: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 ......-X ,
"'-, . 0 .0 .0 . 0 .0 · 0 .0 . 0 . 0 .0 .0 .0 . 0 .0 0 0 !tgOH-Hg81C»1l 4•
.,..~ ... . 0 .. .. .. . 0 .. .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 MgOH-<dfOHl <I •
'::-:-:; .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .. .0 .0 .0 0 0 0 • 0 0 Hg(I{-J\aoIo••

~-;.> .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .. .0 0 0 0 0 0 0 KgOH-1oftC'03•
._. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 0 0 0 HqCI!-11I ......

""'. .0 .0 . 0 . 0 .0 · 0 .0 . 0 .0 .0 .0 , 0 .0 . 0 0 0 0 0 0 0 KgOf-l-002••
;c::; .0 .0 .0 . 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 HgOH-Np02••
".:
':'. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 H-MgDIC)Hl", ..

.0 .0 .. .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 .0 0 0 0 H-CaBIOH)"' •

.0 .0 .0 .0 .0 · 0 .0 .0 .0 .0 0 .0 .0 .0 0 0 0 0 0 0 H-ADt.-. ...
.< .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 H -.\I!lCOJ"

.0 .. .0 .0 . 0 .. .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 H-"I'b+.. -

.0 .. .0 .0 .0 .. .. .0 .. .0 .0 .0 . 0 .0 0 0 0 • 0 • H-U02...
<:. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 H-Np02 ..•:",

.0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 · 0 .0 · 0 .0 0 0 0 0 0 • "'.;:8IOHl.·C'aBCOHj<l.
;~::: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 MgB/OHl<l-lvtt--··
5; .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 0 MgBfOKI "'-~3•-- .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 • 0 0 0 0 • Mg81011l"'-Th.... •
:1:3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .. .0 .0 .0 .0 0 0 0 0 0 0 MqBfOHl "'·002_
::.'-: .0 .. .. .0 . 0 .. .. .0 .0 .0 .0 . 0 ., .0 0 0 0 0 0 0 MigBtOMI"-Np02••

..•... .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 C&BIOHl4-.-......
:;;.';. .0 .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 CaIlCOH1<1-~3+

\;,:: .0 .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 CaBCOHj4-Th··••
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~..,', .. .. .. .. .. .. .. .. .. .. .. .. .. .. • •• • •• C4B IOtU 4-002..
: .. ; .. .. .. .. .. .. .. .. .. .. .. .. .. .. • •• • •• CaBIOHlt-JfOlO2..
: ...
:,:,...: .. .. .. .. .. .. .. .. .. .. .. .. .. .. • •• •• • .\In-...... -Ar.COJ•
:,',', .. .. .. .. .. .. .. .. .. .. .. .. .. .. • ••• • • Amo-.... -Th.......
':~": .. .. .. .. .. .. .. .. .. . 0 .. .. .. .. ••• •• • ~··-U02 ...... .. . 0 .. 0 .. • . 0 .0 . 0 .. .. .. .. • ••• • • J\IJI- .... -Np02.......,
· -- .. . 0 .. .. .. ·. .. .. .0 . 0 .. ·. .. .. • • 0 • •• AlJCO)·-nt.......

. 0 .. .. .0 .0 .0 .0 .0 .0 . 0 .0 .0 .0 .0 0 0 0 0 0 0 A/:ICO).-002 ...
:.:;" .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .0 0 0 0 0 0 0 ADCO) ...-~2 .....
',,"
· , .0 .. .0 . 0 .. .. .0 • .0 .0 .0 .0 . 0 .. • 0 0 0 0 0 Th....._-u0.2 ••

-. .. .. .0 .0 .0 .0 . 0 .0 .0 .0 . 0 .. .0 .. 0 •• 0 0 0 'n'!..···-Np02...
: .:'~

..; .. " .0 .. .. .0 .0 .0 .0 .0 .0 .0 .0 .. .0 .0 • 0 0 •• 0 U02...... -Np02.-

,:.:' . 0014 .. .018 0.. .. .. .. .0 .0 .0 . 0 •• .0 C1-S04: lNa,J{,Ca.Kt;J,
'.;" • 06 .. .0 .. . 0 .013 . 0 .. .0 .0 . 0 .. .. CI-KS04 : KqOH.H."9510H)J •

:"';'.' - .006 ... .02S .0 .. .. • 0 .. .0 .0 .0 .0 . 0 C1-Ott: caBIOH)f,.~....

.:: ... 015 . 0 .. - .096 .0 .0 .0 .. .0 .. .. .. .. ct-NCO): ......col... Th·....... ,

.';.: .0085 .004 .0 .. .. .0 .0 .0 .0 .0 .. .. .. Ct-COl: tx>2_.Np02.'

"" -.007) .0 .. .0 .0 . 0 .. .0 .0 .. .. .0 .0 Cl-BIOH":

· . ." . 0 .0 .. .. .. .. .0 .0 .0 .. . 0 .. C)-BJOl (CHI':
~., ~ .026 .0 . 0 .. .. .0 .0 .0 .. . 0 .. .. .. Cl-a405(0H1',
: ,.: .0 . 0 .. . 0 .. .. .... .0 .0 .. .. .. Cl-8r:.. .. .0 . 0 .. .. . 0 .. .. .. .0 .. .. C}-AInICO) 12:

."n. .. .. .. .. .. ·..0 .. .. .. .. .. .. C}-MlIC011):

':::; . 0 .. .. .. .. .. .. .. .. ·. . 0 .. .. CI-CI04- :

" ...." . 0 ·. .. .. .. ·.·... .. ·. .. .. ·.CI-Np02{OHJ2-:
r,,' .. ·. .. .. .. ·.·... .. .. ·. .. ·.CI-Np02COJ-:

·, .. ·. .. .. • ·.·.·. .. ·. ·. ·. ·.CI-Np02 (CO) )2_·:

-, ·. ·. • .. 0 .. . 0 ·. .. ·. ·. .. .. CI-Np02l(01) ) ..... :

·... . 01 .. .. .. .. .0 .0 .0 .. . 0 ·. .0 CI-H2P04- :
:;(..: . 0 .. .0 .0 .. .0 .0 .0 .0 .0 .0 .0 .0 CI-HP04. :

':"" · 0 . 0 .. . 0 0 ·.·.·. .0 .0 ·. , 0 · 0 Cl-POc-· :,
~.: .. '. - .00'4 _.01i77 .0 0425 .0 .0 .0 .0 .0 .0 .0 .0 .0 SCM-HS04,

- .009 -.050 .0 .0 .0 .0 .0 .0 .0 .0 .0 .. .0 SCM-OM,

...... -.005 .0 .0 161 .0 .0 ,0 .0 .0 .0 .0 .0 .0 S04-HCOJ,
:::,. ·.005 -.009 .0 c .0 .0 .0 .0 .0 .0 .0 .0 .0 S04-C03 :

,0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 SQ4-810H)4,
'·7" .0 .0 .0 .0 .0 ,0 .0 .0 .0 .0 ,0 ,0 .0 S04-8JOJ/OHl4,
:..:~ ,0 .0 .0 .. .0 .0 .0 .0 .0 .0 ,0 .0 .0 504-840510014,

." , , 0 . 0 .0 .0 .0 .0 ,. .0 .0 .0 ,0 .0 .0 S04-Br:

.'.,' .0 .0 .0 0 .0 ,0 .0 .0 .0 .0 . 0 .. .0 S04-l'.m(COl) 2 ,
j' .0 .0 .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 SQ4-AIIl(COJlJ,
.,.,. . 0 .0 .0 .. .. .0 .0 .0 .. .0 ,0 .0 .0 S04-C1Q.t- ,
~7·· .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .. .0 S04-Np0210liI2-,
~::.) .0 .0 .. .0 .0 .0 .. .. .0 . 0 .. .. .. S04-Np02COJ- ,

:':": .. .. .. 0 .0 .0 .0 .. .0 . 0 .. .. .0 S04-Np02ICOJI2 __ ,

:::~:. .0 ,0 .. .0 .. .. .0 .0 .. .0 . 0 .. .0 S04-NpC)2ICOJIJ.... - ,

"',. .0 .0 .0 .. .0 .. .0 .0 .. .0 .0 .0 .. S04-K2P04- ,
:;<;: .. .0 .. ,. .. .. .0 .0 .. ,. . 0 .. .. S04-HP04.. ,
,:-:-_, .. .. .0 .0 .0 .0 .0 .. .. .. .0 .0 .0 S04-P04 __ ,

:"".:
::..=. .. .0 .. .. .. .. .0 .. .. .. .0 .. .. HSOt-OH,
" ..>: .. .. .0 .0 .0 .0 .0 .0 .. .. . 0 .. .0 HS04-HCOJ-:

::~! " . 0 .. .0 ,. .. .0 .0 .. .. .. . 0 .. .. l{5C)t -COJ" ,
'-;:;:' .0 .. .. .0 .0 . 0 .. .0 .0 .. .0 .0 .0 HSOt-BfOHI4-:

''\:::.,,} ,0 .. .0 .0 .0 .0 .0 .. .0 .0 ,0 .0 ,0 HS04-BJO){OH) 4,
~.,.: .0 .0 .0 .. . 0 .. .0 .0 .0 . 0 ,. ,0 ,0 KS04-B405 (0tI) 4,
:.;:. .0 .0 .0 .0 .0 .0 .0 ,0 .0 .0 ,0 .0 ,0 HS04-Br- ,

,
::::;;.: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 ,0 HS04-A.lI:.(COJ l2-, 1::::,:. ,0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 ,0 .0 H.!104-A::l/C03l2"'- , , ;
',~~ .0 .0 .0 .0 . 0 ·. .0 .0 0 .0 ,0 .0 .0 HS04-Cl04-: ./
<' .0 .0 .0 .0 .0 . 0 .. .0 .0 .0 ,0 ,0 .0 KS04-Np02 (Oli}2-:

,,'. ~./!='O .0 .0 .. .0 .0 .0 .0 .0 .0 .0 ,0 ,0 .0 HS04-Np02COJ -,
~;;:. .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 HS04-NpCI2IC'OJ )2 .. -, -~
,,~., .0 .. .. .0 .0 .0 .0 .0 .0 .0 ,0 .. .0 HS04-Np02ICOJ )3 .. .,-,

::::.' . 0 .0 .0 .0 .. .0 .0 .. .. .0 .0 .0 .. KS04-K2I'04- ,
::-,.,.:. . 0 .0 .. ., .. .. .. .. .. .. . 0 .. .0 HS04-HP04",
~ ..,' . 0 .. .. .0 .. .. .. .0 .. .. .0 .0 .0 HSOO-P04 .. -,

~ ':.:
:',,': . 0 .. .. .0 .0 . 0 .. .. .. .. .. .0 .0 OH-HCOJ:
,20.0: -.017 01 .. .. .. .0 .0 .. .. .. . 0 .. .0 OM-COJ,

::-::r .0 .0 .0 .0 .0 .0 .0 .. .0 .. .. . 0 ..OH-BIOHI4,
:•.!,., . 0 .. .. .. .0 . 0 .. .0 .. .. . 0 .. .. OH-BJOJIOH14,
(,',:' .. . 0 .. .. .. .0 . 0 .0 .. .. . 0 .. .. OH-Bt~(OH)4,

f.,-; . 0 .. .. .0 .0 .0 . 0 .. .. .. ,0 ,. ,. OH-Br:..,". .0 .0 .0 0 . 0 .. .0 .. .. .0 ,0 ,. ,0 OH-"""COJ 12:

.0 . 0 .0 .0 .0 · 0 .0 .. .0 . 0 ·. ,0 ,0 Oli-AmICOJ) 3,

.0 ,0 .0 .0 .. .0 .0 .0 .0 .0 ,0 ,0 .0 OH-C104- ,

.0 ,0 .0 .0 ,0 .0 .0 .0 .0 . 0 ·. ,0 .0 OH-N;X)2 laHl2-;
(: .. .0 ,0 .0 .0 .0 .0 .0 .0 .0 ·. ,. ,0 .0 OH-Np02C03- :

... ,0 ,0 .0 .0 .0 .0 . 0 .0 .0 ·. .. ,0 ,0 Oli-Np02 (C03 )2 .. -:
,0 ,0 .0 .0 .0 .0 .0 .0 .0 .0 ,0 ,0 ,0 OH-Np02 (C03\J ....-:

.0 .0 .0 .0 .0 .0 . 0 .0 .0 ·. ,0 ,0 .0 Oli-H2P04- :

.0 .0 .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 OH-HP04 .. :
,0 .. .0 0 .0 .0 .0 .0 .0 .0 .0 ,0 .0 Oli-P04 .. - :
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:::.:
,"," .002 .012 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 HCO)-C'O] ;

.- .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 HCOJ-S (CH)4,

". .0 .0 · 0 · 0 · 0 ·. · 0 .0 .0 · 0 · 0 .0 .0 HeOl-SlO) (OH) 4:
;;:,' .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 HeOl-B4CS rCH14:
',;", .0 .0 .0 .0 .0 .. .0 .0 .0 .0 .0 .0 .0 HCOJ-Br:
(-.~.; .0 .. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 MCOJ-1orlIlCOJI2:
;"';:0 . 0 . 0 .. .. .. .. . 0 .. .. .. .0 .. .. HC03-AIIllCO)lJ:.. .. .. .. .. .. .. .. .. .. .0 .0 .0 HCOJ-Cl04- :.. .. .. .. .. .. .. . 0 .. .. .0 .. .. HCOJ-Np02COHI2- ,
.-:~' .. ." .. .. .. .. .. .. .. .. .. .. ..HCOJ-N'p02COJ- ,

.0 .0 .. .0 .0 . 0 .. .. .0 .0 .0 .. .0 HCOJ-N'p02 (COl )2_·:

. 0 .. .. .. . 0 .. . 0 .. .0 . 0 .. .. .0 HCO)-Np02 lC031 J••• :

.0 .. .0 . 0 . 0 .. .. .0 . 0 .. . 0 .. .0 HC03-K2P04~:.. .. .. .. .. .. .. .. .. .. .. .. .. fCOJ - HP04 .. :

:,:~~ .. .. .. .. .. .. .. .. .. .. .. .. .0 HOOJ-P04-· ,.. .. .. .. .. .. .. .. .. .. ·, .. .0 CO]-BIOKI4· ,

. 0 . 0 ·. .. .. .0 .0 .0 . 0 .. .0 .0 .0 COJ-SJOJ!OHJ4:
~. :. . 0 .0 .. .0 .. .. ·. .0 . 0 .. . 0 .. .0 COJ-8405(OHI4:.' .0 .. ·. .0 .0 .. . 0 . 0 .. .. .0 .. .0 COl-B:, ,

.0 .. .0 .0 . 0 .. • .0 .0 .0 . 0 .. .0 COJ-AIn(COlI2:

.0 .. .0 • . 0 .0 .. .0 .0 .0 .0 .0 .0 COl-AlnCCOll):
:.'..' .0 .. .0 .0 . 0 . 0 .. .. .0 . 0 ·. .0 .0 COJ-C104· ;.- .. .. .. .. .. .. .. .. . 0 .. .0 .0 .0 COJ-N'p02 IOKI2-,
~-.;.: . 0 • 0 .. .. .. .. . 0 .. .. .. .. .. .. COJ-Np02COJ- :
~:~'- .. .. .. .. .. .. .. .. .. .. .. .. .. CO]-H;!02ICOJI2.· :
~~,. .. .. .. .. .. .. .. .. . 0 .. .. .. .. COJ-~{C0313··-!-. .. .. .0 .0 .. .. .. .. .. .. .. .. ..C03-EaJ'OC- :
;.". ·. .. .. .. .. .. ·. .. .. .. .. . 0 .. COJ-KP04_ :

<.'" ~ .0 .0 .0 .0 .0 .. .0 .0 .0 .0 .0 .0 .0 COJ-~·- :
~":,

~ .0 .. .. .. .. .0 .. . 0 .. .. . 0 .0 .. BIOHI4-eJOJ (Ot:l) 4 :

:3,"'- .. . 0 .. .. .. .. .. . 0 .. .. .. . 0 .. BI0t1l4-IWCSI0H1' ,
-."'. .. .. .0 .. .. .. . 0 .. • .. .. .0 .. BIOHJ4-Br:
')~.: .. .. .. .. .0 .0 . 0 .. .. ·. .. .0 .. B(OH)4-AlI\ICOJ 12:
f:'-", .0 .0 .. .0 .0 .0 .0 .0 .0 . 0 .. .0 .0 BIOHI4-M1lCOJ 13,
<"-, .0 . 0 .0 ·. .0 .0 .0 .0 .0 .0 .0 .0 .0 B(OH) 4-C1Of,-:.. .0 .0 .. .0 .0 .0 .0 .0 .0 .0 .0 .0 B{CK) 4-Np02IOHI2-:
,,;;:; .0 .. .0 . 0 .0 .. .0 .0 .0 .0 .0 .0 .0 B rOH)4-Np02CO)-:
;;". .. .0 .0 .0 .. .. .0 .0 .0 .0 .0 .0 .0 B{CE14-Hp02 (COJ )2..-:
:,i< .0 .. .0 . 0 .. .0 . 0 .. • .. .0 .0 .0 BIOHI fl-Np02IC03 )) .... -: ---'.J.. ~ .. .. .. .. .. .. .. .. .. .. .. .. .. BlCW}fo-K2fO.C-'
f·;·: .. .. .. .. .. .0 .. .. .. .. .0 . 0 ..BIOHI<t-Hf04.. ,
::..;;;-: . 0 .. .. .. .. .. .. .. .. .. .. .0 .0 BIOH)fo-POf,__ ,
.,,...,
:,'.:: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 BJO] {OH)4-BfoC/5 (00)4:
.-,r~- .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 .. .0 .0 B)O) (OHH-8r:
:""-;- · 0 .0 .0 .0 .. .. .. .0 .0 .0 .0 .0 .0 B)0)COKlfo·AmICOJ)2,.'--- .. .. .. .. .. .. . 0 .. .. .. .. .. .. B30)tOHlf,-M(COJ)):
~:;;;:. .. .. .0 .. .. .. .. .. . 0 .. .. .. .. B30J IOH)4.oC10f,-,
"'.:. . 0 . 0 .. .. .. .. .. .. . 0 .. . 0 .0 .. BJO]IOHlfo-~2(0H12·

'," .. .. .0 .. .. .. .. . 0 .. .. .. ., .. BJO] {OHlfo-Np02CO]-:

c' .0 .. .0 .0 .. .0 .0 .0 .0 .0 .0 .0 .0 8)0] (OHI 4-Np02 (COJ12 .. -:
, . .0 .0 .0 .0 .0 .. .0 .0 .0 . 0 .. .0 .0 B)OJ (OHlfo.Hp02 (COJ) ) ....-,

.0 .0 .0 .0 .0 .0 .0 .0 . 0 .. .0 .0 .0 B30] (OH)fo·K2POfo-:
."?'. · 0 . 0 .0 .. .0 .. ., .. . 0 .. .. .. .. BJO]/OHlfo-Hl'04" ,., .... .0 .0 .0 .0 .0 .0 .0 .0 . 0 .. .0 .0 .0 B)O] (CElfo·P04.-:

.;.::- . 0 .. .. .. . 0 .0 .. .. 0 .. .0 .0 .0 U05COHIf,*8r,
C7:, .. .. .. .. . 0 .0 .. .. .0 . 0 .. .. .. UOStOH14 .......CCOJI2:
f':';~ .0 .. .. .. . 0 .. .. .. . 0 .. .. .. .. B40SIOHI4 ......CCOJI J: .-"-',-",.•... , .. .. .. . 0 .. .. . 0 .. .. .. .. .. .. 940SIOHlfo-e10f,- : -;\.~ .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 B4.0S (Offl fl.NP02 (CH) 2-
.~:. .0 . 0 .. .. .0 .. .. .0 .. .0 .0 .0 .0 8 ..05 (OK) hNl)02CO)-:
:,fo.: .. . 0 .. .. .0 .. .. .0 .. ·. ·. .0 .0 a4051ClHlfo.Np02 (CO)) 2.-: .,
C...~ .. . 0 .. .. .0 .. . 0 .0 .. .. .0 .0 .0 M05 CClnfo*Np02tCOJ)J •• -, ••'-:"') .. .. .. .. .. .. .. .. .. .. . 0 .. .. 8 ..051001 fl .. IQP04-: J":'-Z! .. • 0 .. .. • 0 .. .. .. .. .. .0 . 0 .. lU05IOHI4_HP04",
,''''. .. .. .. .. .. .. .. .. .. .0 ., . 0 .. B40510tU .... P04- .. -: ;
,;~,' -.........

":,'-:: ~ . 0 .. .0 .0 .. ·. .0 . 0 .. ·. .0 .0 .0 Br-1oIlI(CO])2: 4

["'~ · 0 .0 .0 .0 · 0 .0 .0 .0 .0 .0 · 0 .0 · 0 Br-Am(CO])J:
f",": .0 .0 · 0 · 0 · 0 .0 .0 . 0 .0 . 0 ·. . 0 · 0 Br-C1Q.(l- :
,',-,'j .0 .0 .0 .0 .. .0 .0 '.' .0 .0 . 0 .. .0 Br-Np02 (01112-:,,:;, .0 .. .0 . 0 .0 ·. .. .. .0 . 0 ·. . 0 ·. Br-N'p02CO]- ,

.", .0 .0 .. .0 .. .0 .0 .. .0 . 0 ·. .. .. Br-Np02ICO) 12 .. - :
:,~~ .. .. .. .. .. .. .. .. .. .. . 0 .. .0 Br-Np02 tCO)IJ,,·-:
~"'-;- .. .. .. .. . 0 .. .. .. .. .. .0 . 0 .. Br--H2l'Ofo- ,
f~ .. .. .. .. .0 .. .. .0 .. .. .0 .0 .0 er-KP04.:
,',,-:: .. .. .. .0 .. .. . 0 .. .. .. .0 .0 .0 Br-P04 __ :

?:: .. .0 .0 .0 .0 .0 .0 .0 . 0 .0 .. .0 .0 AIllCCO] )2-.... CCO])J:
';:'":-: .0 .0 .0 .0 . 0 .0 .0 .. .0 .0 . 0 .. .. AlDCCO] 12-C1Ofo-:
';':0:; .. .. .0 .0 .. .0 .. .. . 0 .. .. .. .. MfCO))2-Np02fOHJ2· :
';;.>-: .. .. .. .. .. .. .. .. . 0 .. .. .. .. AlJlICO)12-~2CO) .. : -. ...-' .. .. .. .. .. .. .. .. .. .. . 0 .. .0 )lUaCCOJI 2·Np02 CCOJ )2..-:
'.-...- .. .. .. .0 . 0 .. . 0 .. .. .. . 0 .. .. MCCOJI2-Np021COJ IJ ... -:.. .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 Am(COJ )2·lQP04-:
,,",:' .0 . 0 .0 .. .0 .0 ·. .0 .0 .0 .0 . 0 ·.AalCCOJ12-HPOfo- ,
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.0 .0 .0 .0 .0

.0 .0 .0 .0 .0

.0 .0 .0 .0 .0

. 0 .0 .0 .0 .0

.0 .0 .0 .0 .0

. 0 .0 .0 .0 .0

.0 .0 .0 .0 .0

.0 .0 .0 .0 .0

.0 .0 .0 .0 .0
,0 .0 .0 .0 .0
.0 .0 .0 .0 .0
.0 .0 .0 .0 .0
. 0 .0 .0 .0 .0

. 0 .0 .0

. 0 .0 .0

. 0 .0 .0
. 0 .0 .0
. 0 .0 .0
. 0 .0 .0

Carol-CAt.ion-Anion

C02-C4tion-Anion
(Cations do>.n, Anions across\

C02-Anior-.s IMofS4
CaCOJ-A.-u.oos Htfioo'84
KgC03-Aniozu HMW841
BIOHI3-Anions FW86
Np02OK-....-u.on.s
1OP04-Ar.ions l'S76

..................
FW6'..,.

• •••••• •••••
• • 0

-.4 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 I)

.0 0 0 I)

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0 0 0 0

.0000

.0 0 0 0

.0 H2P04.-HP04,,:

.0 H2PQ41-P04"'-:

.0 AmlCOJI2-P04:_:

.0 CI04-~2IOH)2

.0 CI04-Np02C03-,

.0 CI04-NpC)2ICOll2..-:

.0 CI04-NpOllCOl») .... -:

.0 CI04-H2PO-f,-,

.0 CI04-HP04":

.0 CI04-POI\ .. -:

.0 Np02(COlll-H2P04-,

.0 Np02ICOl) 3-HP04 .. ,

.0 Np02(COl}3-P04.-,

.0 NpC2-Np02(COlllzz-,

.0 NpC2-H2P04_:

.0 NpC2-HP04":

.0 NpC2-i'04--,

.0 HP041-PQ4 ..-,

....

.0..

......
•..

.0

..

.0

.0

C02-Cati=
Ca.COJ-ca.tion.s
Mq(."03-C.&tions
Bfotl'l3-Cuions
Np02OH-ca.t.ions
1OP04-CatiorlS

.0

.0

.0

.c

.0

.0

.0

.0

.0

.0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0 .0

.0

.0

.0

.0....

.c

.0

......

.0..........

.0..

.0

.0

.0 .0 Np021OHI2--N';J02C03-:

.0 .0 Np02IOHI2--Np02(COJ12--:

.0 .0 Np02 tOflI2--N;102IC03J 1.. -:

.0 .0 H;102IOHJ2-H2PCK-:

.0 .0 Hp02IOHI2-HP04":

.0 .0 Np02(OOI2·PO(.. -:
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· c....
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· c
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· c
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.0..........

.c
•C
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.0

·c
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. c
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;'~: .0
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· c
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/. -~'" ! .. .. .... .. .. .. .. .. .. .... .. .. .... .. •••
i-vi .. .. .... .. .. .. .. .. .. .. .. .. .. .... ..•••c::;, .. .. .... .. .. .. .. .. .. .. .. .. .. .... .. •• •
~::L .. .. .... .. .. .. .. .. .. .. .. .. .. .... .. • • •
'::0:; .. .. .. .... .. .. .. .. .. .. .. .... .... ..•• •=:,.... .. .. .. .. .. .. .. .. .. .... .. .. .. .... .. •• •.....:; .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..• • •
~'.=> .. .. .. .. .. .. .. .. .. .... .. .. .. .... ..• • •.. .. .. .. .. .. .. .. .. · c .. .. .. .. .. ·. ..•• •: .... .. .. .. .. .. .. ·. .. .. ·... .. .. .. ·.·...•• •,.-.: ·... .. .. .. ·. ·. .. .. .. .. ·. .. .. ·.·... •••.~ ,.:

·. ,0(6 ·... .... .. .. ·. ·... .. .. .. .. .. .. • •• BIOH) )-Dleion-A,.'l.i.on N86.. .. .. .. .. .. ·. ·. ·. .. .. .. ·. ·... .. ..• •• (Cations down • Anions al:rossl.. .. ·... .... ·... ·. ·. .. .. .. .. ·. ·. ..•• •
·. .. .. .. ..·. ·... .. ·. .. .. .. .. ·.·...•• •

" ,r .. .. .. .. .. ·. ·. .. .. .. ·. .. .. .. ·.·...• ••
,,"!; -.0102 .0 ·..0 .. .0 .. .0 .0 .0 .0 .. .0 . 0 ·... ..•••

. 0 .. .. .. .. .. .. .. .. .. .. .. .. .. '.0 .. ..• ••
"';:. . 0 .. .. .. .. .. .0 .. . 0 .. .. .. .. .. .. .. ..•• •

.0 .. .. .. .... . 0 .. .. .0 .. .. .. .0 .. .0 .. • • •

. 0 . 0 .. .. . 0 .. .0 .. . 0 .0 .0 .. .. .. . 0 .0 .. • 0 •
";;'; . 0 .. .. .. .. .. .. .. .. .0 .. .. .. .. .. .0 ..•• •
':'"'...: .. .. .. .. .... .. .. .. .. . 0 .. .. .. .. .. ..• • •
:'..::: . 0 .. .. .. .. .. .. .. .... .. . 0 .. .. .. .. ..•• •
~.'~

~:;::. .. . 0 .. .. .. .. .. .. .. .... .. .0 .. .. . 0 ..• •• NtlO2OH taq) -Cat.ion-Anion
,;.;:,. .. .. .. .. .. .. .. .. .. .... .. .. .. .0 .0 .. • • •
:.... .. .. .. ·. .. .. .. .. .. .. . 0 .. .0 .. .. .. ..•• •
':;:;i .. ·... ·. .. .. .. .. .. .. .. .0 .0 . 0 ·.·... •••
,'_!} . 0 ·... ·. ·... .. .. ·. .0 .. .. .. . 0 ·.·... •• •
"',: .. ·.·. ·. ·. .. .. .. ·. ·. .0 .. .... ·.·... •• •
('~.: .. ·... ·. . 0 .. .. .. ·. ·. ·. .. .. . 0 ·.·... •• •
..::i.: .. ·... ·. ·. .. .. .. ·. ·... .. .... ·.·... • ••
~:l~ .. ·... ·. .. .. ·... ·. ·. ·. .. .. .. ·.·... •••
,;:\" .. .. .. ·. .. .. ·... ·. ·. .. .. .. .. ·. ·. .. • ••.',:; ·.·... .. ·. .. .. .. .. ·. ·. .. ·.·.·.·. .. • ••
"; ·... .. ·. .. ·. .. .. ·. ·. ·. .. .0 ·... .... • • •
1':' ·... .. ·. .. .. .. .. ·. ·. ·. .. .. .. .. .. .. • • •
i':';::

·... ·. ·. ·. ·... .. ·. ·... .. ·.·.·.·... • H3P04-Cation-Anion
',,'.' ·... .. .. ·. ·... ·. .. .. ·. .. ·. ·.·... ·. •
~~,; , ·... .. .. .. ·... ·. .. .. .. ·.·.·... .. ·. •
c··, ·... .. .. .. ·. .. ·. ·... .. ·. ·. .. .. .. ·. •
(':':l ·. .. ·... ·. ·... ·. ·... .. ·. .. ·.·.·... •.".' ~ ·... ·... .. .. .. ·. ·... .. ·.·... ·.·... •
':.~ :. ·... .. .. .. .. .. .. .. .. .. ·.·... ·.·. .. •
,.~., ·... ·... .. .. .. .. ·... .. .. ·... ·... .. •
':'~7 .. .. ·. ·. .. .. .. .. ·... .. .. .. .. .. ·. .. •
(~~:J ·... ·... .. .. .. .. ·... .. .. .0 .. .0 ·... •
:'.~:: . 0 .. .. ·. .. .. .. .. .. .. .. .. .. .. .0 .0 ..• •...... .. .. .. .... .. .. .. .. .. .. .. .. .. .. .... ••
'::" .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .0 ..• •
':~'':

':,:""" , , • 6 , 22 21 " " .. SO " eat-ion ...."'0 [or EUCAPI1. )

\'" I~ 6 , 10 II l2 13 " " 20 2J " " " " .. .,
" " " " anion ....iDo [or EUo.J>12, l

.:'.:': " 15 16 l' " " n=t.~.l ""","'0 'or £U(ApIJ.1

:::.:"
~;:; ."""""""". •',<..'

;.,. .. , 100000ml
<-0:- : ."""""'. • /'.;..,--:\(\~; 'nICND:' •• .""".
:::::;: i .'
"'''"''
'~,..: . '.'
<.~:: ...... FelJay, ><ai. SChr~ • ond Ry= laU) RCA .. pp.29-35
E';') ""'" FelJr:ly. Rai, ond Fulten ( 19901 RCA SO PP.19J·204
a.t ""6 Piu.er ond silves~er 119161 J 60ln ""- SO< pp.269-27!
.::.:'" ", Pitzer (l9!U1 CRC Handbook. AC~ivity 0"" in Electrolyte 60'=
E~,:' Rn<J2 RAi. Felllly, ond P'Ulton (Un} RCA " pp.7-14
,~":"~~ RF71l" I'tai. Felr.y, Fulton. ond Ry= {ln21 RCA 581$9 pp.9-16
;.:-; Rn<J< "i. Yellay, ond ""~ (199"
(".:: >RTF" "0. Rai. f"elmy. ond Pultcm {19941 SA.'m9.-l'4$J [0. RCA
f:"'"l
::-:?~ """ Novo" """ Robom (199'1 s.u.'D94·XlCXX KRS/}I:;yoto
:'!Yf ...... HArvie. Koller. Weue 11984) GCA .. pp."123-'Sl
,!-:.- h'" ,.>my ~.,., ...,.. (1986) GCA SO pp.277 1-2"1S3

-



FMT. Version 2.0
User's Manual, Version l..o0

Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

1.2 References Cited in Listing

WPO#28119
November 17, 1995

Paee 123

Felmy, A.R., D. Rai, and R.W. Fulton. 1990. "The Solubility of AmOHC03(c) and the

Aqueous Thermodynamics of the System Na+-Am3+-HC03-OH-H20." Radiochimica

Acta vol. 50: 193-240.

Felmy, A.R., D. Rai, J.A. Schrarnke, and J.L. Ryan. 1989. "The Solubility of Plutonium
Hydroxide in Dilute Solution and in High-Ionic-Strength Chloride Brines." Radiochimica
Acta vol. 48: 29-35.

Felmy, A.R., 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. M\1iller, and J.H. Weare. 1984. "The Prediction of Mineral Solubilities in Natural
Waters: The Na-K-Mg-Ca-H-Cl-S04-0H-HC03-C03-C02-H20 System to High Ionic
Strength at 25°C." Geochimica et CosmochimicaActa vol. 48: 723-751.

Novak, C.P., and K.E. Roberts. 1994. Thennodynamic Modeling ofNeptunium(V) Solubility in
Na-C03-HC03-Cl-CL04-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 H3P04." Journal ofSolution Chemistry vol. 5: 269-278.

Rai, D., A.R. Felmy, and R.W. Fulton. 1992a, "Solubility and Ion Activity Product of
AmP04oxH20(am)." RadiochimicaActa vol. 56: 7-14.

Rai, D., A.R. Felmy, and R.W. Fulton. 1994. "The Nd3+ and Am3+ Ion Interactions with SO~
and their Influence on NdP04(c) Solubility." Journal ofSolution Chemistry. submitted June
1994.

Rai, D., A.R. Felmy, R.W. Fulton, and J.L. Ryan. 1992b. "Aqueous Chemistry ofNd in
Borosilicate-GlasslWater Systems." RadiochimicaActa vol. 58/59: 9-16.

Rao, L., D. Rai, A.R. Felmy, and RW. Fulton. 1994. "Solubility of NaNd(C03)2°6H20 in
Concentrated Sodium Carbonate and Sodium Bicarbonate Solutions." Radiochimica Acta vol.
_. __ SAND94-1948J.



FMT, Venion 2.0
User's Manual. Version 1.00

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 ofthis listing.
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"/ ,.f'O.'!TmAttIBATOt_DOC.i.... ; to ill\1$uate/d.oe\.llDent -U.7Of- runs Fl'ft V:::!.O
CI'oT~E: lMorB4/FW86; Np (VI-Na-etl) ·OH<l-Cl04 (NR'~ I ;
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AC~~.cY o! reactioru is
Kin.iaJ:N el~tal ~e is

;~ H'.mIbe .. of ~OU$ Species is

Cations..
N.,
"'ION'_.,

.. "PO"
'",

Mions

1.0000£-06
1.0000£-18

"

.....
CaB(OOl4 ..
002......

~ _ Cl
;.'~ HCOJ-
L' atOSl0t!14z

CI04-
:,;. Np02ICO)}).... -

SO'co,
a<-

pe Np02IClH}2

..,""-

CaCO) (llq)

KJP04(aq)

NSO'
!I10HHI
....... ICO)2
»;>02C03
"p.><.

HqC03(aql

ON-
B303 (00)4
AmICO)I) .. •
Np02ICO)12_·

"".-

B/OH)3(aqJ

c.c.ion-Anion Binary Interaceion far_eers ...-..
.. c.t.ion Anion BeUIO) Betall) 8eU121 Cphi Al~-V.lue$.... C1- 0.01650 0.26"0 0.00000 C.OU2? 12.0.121 1·1.1-2.1-3.... "",. 0.01951 1.11)00 0.00000 0.004197 {2.0.121 1-1.1-2.1-3
;: ; .... NSO'- 0.04540 0.39800 0.00000 0.00000 (2.0.121 1_1.1_2.1_.3

No' "'- 0.08640 0.25300 0.00000 O.OOUO 12.0.121 1-1.1-2.1-3
. . .... NCO)' 0.02710 0.OU10 0.00000 0.00000 12.0.121 1-1.1-2.1-3

" .... CC)' 0.03990 1.38900 0.00000 0.00440 12.0.12) 1·1.1-2.1-3
<, .... BlaHl4- -0.04270 0.08'00 0.00000 O.OlUO 12.0.121 1-1.1-2.1-3

'" No' 8303 (ON) (- -0.05600 -0.91000 0.00000 0.00000 12.0.121 1-1.1-2.1-3

"': N.· B40S (OK) 4" -0.11000 -0.40000 0.00000 0.00000 12.0.121 1-1.1-2.1-3

lO.· ... 0.00000 0.00000 o. 00000 0.00000 f2.0.12l 1-1.1-2.1-3
r :. Ne' MfC03]2- 0.00000 -8.31000 O. 00000 0.00000 12.0.121 1-1.1-2.1-3
<:~ .... Aal,fCO)] 3-- -O.:UOOO 8.10000 0.00000 0.41800 {2.0.12l 1·1.1-2.1-3

--. N.· CIQ.4 - 0.05540 0.27550 0.00000 -0.00118 f2.0.12] 1-1.1-2.1-3
~ .' Ne' Np02fO)()2- 0.00000 0.00000 0.00000 0.00000 (.2.0.12] 1-1.1-2.1-3 '"

Ne' Np02COJ- 0.16100 0.00000 0.00000 0.00000 12.0,12] 1-1.1-2.1-3

..~•.. N.· Np02IC03i2.- 0.40700 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3
) .... Hp02IC0313.. - 1."000 16.00000 0.00000 0.00000 12.0.1.21 1-1.1-2.1-J

-'"< No' "'0'0<- -0.05330 0.03'60 0.00000 0.00795 (2.0.121 1-1.1-2.1-3

).. .... """,. -0.05830 1.46600 0.00000 0.02940 ('l .0.121 1-1.1-2.1-3
. " No' ""., 0.17810 3 .85100 0.00000 -0.OSIS4 {2.0.12] 1-1.1-2.1-3
;;:. x. C1· 0.04835 0.21220 0.00000 -0.00084 12.0.121 1-1,1-2.1-3

...::;'

;.::.. x· SO'_ 0.049'5 0.77UO 0.00000 0.00000 12.0.12l 1-1.1-2.1-3 /
';:: X· NSO" -0 .00030 0.17350 0.00000 0.00000 (2.0.12) 1-1.1-2.1-3

......... ~ ..__.,.
;::.- x. ON· 0.12'10 0.32000 0.00000 0.00410 (2.0.121 1-1.1-2.1-3
I, x. NCO" 0.02"0 -0.01300 0.00000 _0.00800 (2.0.121 1-1.1-2.1-3
~'] x· CC)' 0.14880 1.UOOO 0.00000 -0.00150 ('l.0.121 1-1.1-2.1-)
..' x. 8fOH14- 0.0)500 0.14000 0.00000 0.00000 (2.0.12] 1-1.1-2.1-3
.,.; x· 830) 10KI.- -O.llOOO 0.00000 o. 00000 0.00000 (2.0.12l 1-1,1-2.1-)
.. x. B40S10K) 4. -0.02200 0.00000 O. 00000 O. 00000 [2.0.12l 1·1,1-2.1-.3
r:: ,. B<- 0.00000 0.00000 0.00000 0.00000 12.0.12l 1-1,1-2.1-3
r:' x· AmlC03)2- 0.00000 0.00000 0.00000 0.00000 12.0.12l 1-1,1-2.1-3
,'.' x· AmlC03 ))-- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2.1-3
.; } ,. C104- 0.00000 0.00000 0.00000 0.00000 12.0.1:2} 1-1, 1-2.1-3
.. X· Np021OH12- 0.00000 0.00000 0.00000 0.00000 12.0.121 '1.-1.1-2.1-)

x· 1)p02CO)- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1.1-2.1-)
:.;;: x· Hp02IC0312-- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1.'1.-2.1-3

x· Np02ICO)I)··- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3,- X· ... >(><- -0.067'0 -0.10420 0.00000 0.00000 (2.0.121 1·1.1-2.1-)
.,'" X· ....,." 0.02480 1.27400 0.00000 O.OlUO 12.0.nl 1·1.1.-2.1-3

x· POe_' 0.)?2:'0 3."200 O. 00000 -0.08680 12.0.1.2l 1-1.1-2,1-3
c.•• C1· 0.llS90 1.61400 0.00000 -O.OOOH (~.0.121 1-1.1-2.1-3
c.... SO'. 0.20000 J.l'730 -S"24000 0.00000 (L4.l21 2·'
c.... NSO" 0.214S0 2.53000 0.00000 0.00000 12.0.12) 1-1.1-2.1-3
c..... ON· -0.1'U70 -0.23030 -S.72000 0.00000 12.0.121 1-1.1-2.1-3
c..... HCO)· 0.40000 2.97100 0.00000 O. 00000 12. 0.12l 1·1.1-2.1-)

c... • CO)- 0.00000 0.00000 0.00000 0.00000 11.4.12) 2-2
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Cll. .... B WH)t- 0 00000 0 00000 0.00000 0 00000 " .0.12} 1-1.1-2.1-3
Cll. .... B303 (OH) 4- 0 00000 0 00000 0.00000 0 00000 " 0.12) 1-1,1-2,1-3

Cll..... B40S fOH) 4~ 0 00000 0 .00000 0.00000 0 00000 " 0,121 1-1,1-2,1-3

Cll. .... Br- 0 00000 0 00000 0.00000 0 00000 " 0,121 1-1.1-2,1-3

Cll. .... ,\m{COJ)2- 0 00000 0 00000 0.00000 0 00000 " 0,12) 1-1,1-2,1-3

" Ca.... JllmICOJi3~- 0 OCOOC 0 .coooo 0.00000 0 00000 (1.4.. sal 2-(n,21

Ca.... Cl04- 0 45110 1 .75600 0.00000 -0 00500 12.0,12) 1-1.1-2,1-3.. Cl!I"'+ Np02(OH)2- 0 00000 0 .00000 0.00000 0 00000 12.0.12) 1-1,1-2,1-3

Cl!I .... Np02C03- 0 00000 0 .00000 0.00000 0 00000 12.0,12) 1-1.1-2,1-3

Ca.... Np02 (C03) 2 .. - 0 00000 0 .00000 0.00000 0 00000 (1.4., Sal Z-(n~21

Ca..... Np02 (C03) 3"''''- 0 00000 0 .00000 0.00000 0 00000 (1.4,50) 2-ln>21

CIl"" H2P04- 0 00000 0 .00000 0.00000 0 00000 12.0.12) 1-1,1-2.1-3

Ca...... HP04 .. o. 00000 0 00000 0.00000 0.00000 11.4.12) 2-2

Ca... P04",- 0 00000 0 .00000 0.00000 0.00000 11.4,50) 2-{n~21

Mg" Cl- 0 35235 1 68150 0.00000 O.OOSH (2.0.12) 1-1.1-2 1-'
Mg...... S04'" 0 22100 , .34300 -37.23000 0.02500 11.4.121 ,-,
MIJ·+ HS04- 0 \\7460 1 72900 0.00000 0.00000 (2.0.121 1-1.1-2.1-3

M'1"'+ OH- 0 00000 0 00000 0.00000 0.00000 (2.0 ,12) 1-1.1-2,1-3

MIJ..... HC03- 0 32900 0 60nO 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3

M<;;.+ C03>= 0.00000 0 00000 0.00000 0.00000 (1.4.12) 2-2
K~•• B(OHI4- 0.00000 D 00000 0.00000 0.00000 12.0.12) 1-1,1-2,1-3
Mg•• BJ0310H)4- 0.00000 0 00000 0.00000 0.00000 (2.0 ,12) 1-1.1-2.1-3

M'1+" B405IOH)4", O. 00000 0 00000 0.00000 0.00000 (2.0,121 1-1.1-2.1-3
,",.'

M'il"" Br- O. 00000 0 00000 0.00000 0.00000 (2.0.12) 1-l,l-2.1-J

Mg•• Am(C0312- 0.00000 0 00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3

M'1"" Am(C0313",- 0.00000 o. 00000 0.00000 0,00000 (1.4,50) 2-{n~2)

:y:: M".... C104- 0.49610 ,. 00800 0.00000 0.00958 (2.0,12) 1-1.1-2,1-3

Mg•• Np02(OH)2- 0.00000 0 00000 0.00000 0.00000 (2.Q,12) 1-1.1-2,1-3

Mg•• Np02COJ- O. 00000 0 00000 0.00000 0.00000 (2.0,12) 1-1.1-2,1-3

Mg..... Np02 (CO)12 ..- 0.00000 0 00000 0.00000 0.00000 (1.4,50) 2- (n~2)

M<;1++ Np02(CO»)3 .... - 0.00000 0 00000 0.00000 0.00000 (1.4,50) 2-(n>2)

1'1"9..... H2P04- 0.00000 0 00000 0.00000 0.00000 12.0,12) 1-1.1-2, 1-'

M9+"
><po,. 0.00000 D 00000 0.00000 0.00000 (1.4.12) 2-2

Mg" P04"- 0.00000 0 00000 0.00000 0.00000 11.4.50) 2-(n>2}

MgOH. Cl- -0.10000 1 65800 0.00000 0.00000 12.0,12) 1-1,1-2,1-3
" . ~. MqOH+ S04 .. 0.00000 0 00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3

MQOH... HS04- 0.00000 D 00000 0.00000 0.00000 12.0,121 1-1,1-2,1-3

Mc;OH+ OH- 0.00000 0 00000 0.00000 0.00000 (2.0,3.2) 1-1,1-2,1-3

MgoOH+ HC03- 0.00000 D 00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3

MqOH'" C03=' 0.00000 D 00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3

<. MgOH' B (OH)4- 0.00000 0 00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3
,~. MgOH. B303 (OHI4- 0.00000 D 00000 O. 00000 0.00000 12.0,12) 1-1,1-2,1-3

MgOH' B405 (OH) 4 .. 0,00000 0.00000 0.00000 0.00000 12.0,12} 1-1,1-2.,1-3

Mi;;OH" Br- 0.00000 0,00000 0.00000 0.00000 12.0,12} 1-1,1-2.1-3

MgOH' AlnlCOJ)2- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-)

MgOH. ,\m(C03) 3"- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2.1-3

';'''- MgOH. C1Q4- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

.' '. MgOH. Np02(OH)2- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1.1-2,1-3

MgOH. Np02C03- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2,1-3

,;. MgOH. Np02 ICOJ) 2 .. - 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1,1-2,1-3

'2'~ MgOH. Np02IC031)"'''- 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1,1-2,1-3

MgOH. "'>'0<- O. 00000 0.00000 0.00000 0.00000 (2.0.121 1-1.1-2,1-)

~ ". MgOH. HP04.. 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

.:', MgOH. P04"- 0.00000 0.00000 0,00000 0.00000 (2.0,12) 1-1,1-2,1-3
..., H. Cl- 0.17750 0.29450 0.00000 0.00080 (2.0,121 1-1,1-2,1-3

-'" H. 504 .. 0.02980 0.00000 0.00000 0.04380 (2.0,12) 1-1,1-2.1-3

H. HS04- 0.20650 0.55560 0.00000 0.00000 (2.0,121 1-1,1-2,1-3

":' H. OH- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3

H. HC03- 0.00000 0,00000 0.00000 0.00000 (2.0,121 1-1,1-2,1-3
<,,: H. COJ" 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

"'." H. B(OH14- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,l-2,l-J

.... H• B303 (OH)4- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

.. H• B40S (OH) 4'" 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

'.": H. Br- 0.06000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2.1-3

\H. AmlC03)2- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

~,>' H. Am(C03/J..- 0.00000 0.00000 0.00000 0.00000 12. D. 12) 1-1,1-2,1-3
• ~ f H• Cl04- 0.17470 0.29310 0.00000 0.00819 (2.0,12) 1-1,1-2,1-3

H. Np0210H12- 0.00000 0.00000 0.00000 0.00000 (2.0,l2) 1-1,1-2,1-)

. H• Np02C03- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2.1-)

'/';~: R. Np02 (C03) 2 ..- 0.00000 0.00000 0.00000 0.00000 (2,0,12) 1-1,1-2,1-3

... H. Np02(COJ)",,- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,l-2,l-J --R. "'>'0<- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

H. HP04'" 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2,1-3

H. P04=,- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1,1-2,1-3

HgB (OH)4. Cl- 0.16000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2.1-3
'.". HgB(OHl4... S04", 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3

11gB (CH) 4... HS04- O. 00000 0.00000 O. 00000 0.00000 (2.0.12) 1-1.1-2.1-3

HgB(OHI4 .. OH- 0.00000 0.00000 0.00000 0,00000 (2.0,12) 1-1,1-2,1-3

.'" ~ !'\qBIOH}4 .. HCOJ- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1.1-2.1-3

11qBIOHI4+ CO" 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1,1-2,1-)

lO"",a\OH\4.. BiOHI4- 0.00000 0.00000 0.00000 0.00000 12.0,12) 1-1,1-2.1-3

'::< I1qB(OH)4+ B)03{OH)4- 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1,1-2,1-3

I1qB (OH) 4+ B40SIOH)h 0.00000 0.00000 0.00000 0.00000 12.0,12) 1-1,1-2.1-)
- I.~· !1gB(OH)4 .. Br- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1,1-2,1-3
. ;,' 11gB (CH)t+ Am(COJ)2- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2,1-3

.') i'!IqB(OH)4... Am(C03)3 .. - 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

liqB (OH)4+ Cl04- O. 00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3

!iqB (OR) 4... Np02lOH)2- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2.1-3

!'<qs (OH)4+ Np02C03- O. 00000 0.00000 O. 00000 0.00000 (2.0,121 1-1,1-2,1-3

~B(OH)4'" Np02 (C03) 2 ..- O. 00000 0.00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-)
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/_..

:';--' HgJl0tl14+ Np02 l(03) ) .... - 0 00000 o .oooao 0.00000 0.00000 12.0.12) 1-1.1-2, 1~3

11g8ICfij4· 112""- 0 00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3...: ttQ&IOtl}.· """. 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3

~ :<: Hg8101tH+ ""-- 0.00000 0.00000 0.00000 O.OOODO f2.D.ll} 1-1.1-2.1-3

CallIOtl' .... el- 0.12000 0.00000 0.00000 0.00000 12.0.12) 1-1.1-2.1-3

".: C.JHOfn'· 50<- 0.00000 0.00000 0.00000 0.00000 12.0.121 )-1.1-2.1-)

:':'.CaB 10tl1" .. HSO<- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1.1-2.1-3

.:~~~ CaBIOtfl'· "'- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3

::.:: CdIOf.lJ4.. HCO)- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1.1-2.1-3

;~ CaBtOHI"· CO)- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1·3

,·r. ClI31C't14. B(OMI"- 0.00000 0.00000 0.00000 0.00000 12.0.12\ 1-1.1-2.1-3

CaB (OW",· B30)!OHl'- 0.00000 0.00000 0.00000 0.00000 (2.0,12l 1-1,1-2.1-3

.....;: CaB(C't),,· 8"05 (Of{) "" 0.00000 0.00000 0.00000 0.00000 12.0,12l 1-1.1-2,1-)

CaBlOf!)"· ><- 0.00000 0.00000 0.00000 0.00000 12.0,12) 1-1.1-2,1-)

':'.:' CaBlOfll<11· AmIC0312- 0.00000 0.00000 0.00000 0.00000 /2.0.121 1-1.1-2.1-)
,M. CaB ICliO <II. AmlC03l)"- 0.00000 0.00000 0.00000 0.00000 (2. 0.121 1-1,1-2.1-3

... Cdl(lHl<ll· Cl()<11- 0.00000 0.00000 0,00000 0.00000 12.0.12 ) 1-1,1-2.1-)

'-' ClI3IOH)<II· Np021OHl2- 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1.1-2.1-3

CaBIOMI"· Np02C03- 0.00000 0.00000 0.00000 0.00000 12.0,12) 1-1.1-2.1-)

..- Cal!10f!14 • Np02ICO)2-- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1,1-2.1-)

';;': C41lIOHIJ.· Np02IC0313"-- 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1,1-2.1-3

'::" C&8IOMU· 112"" - 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1.1-2,1-3

Cd IOIU 4. ""'.. 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-)

.~.!. CaBIOtllJ.· "". - 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1.1-2,1-3

-':'"
_.. Cl- 0.61170 5 .•0)00 0.00000 -0.02UO (2.0.121 1-1,1-2.1-3

'.'f':-
_..

""- 3.03980 0.00000 -2500.00000 0.00000 fl..,501 2-1n>2)_.. """'- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1,1-2.1-3

~ .... _..
ON- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1,1-2.1·)--. HOO)- 0.00000 0.00000 0.00000 0.00000 12 .0.121 1-1,1-2.1-3

.. --. CO)- 0.00000 0.00000 0.00000 0.00000 (1.4.501 2-(n>21

.t:-:"~
_..

BlOOI4- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1.1·2,1-)

j,,: Am··· Bl03(OKI4- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1.1-2.1-3

JV.
_..

B405 {OH14'" 0.00000 0.00000 0.00000 0.00000 (2. O. 121 1-1.1-2,1-3

.....-.. l'.m••• '<- 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1,1-2,1-)

;',:,;' _..
l'.m[C0312- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2,1-3

~'''':'
_..

AIlI(C03)3:>- 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2- (n>2)

;(.:: )
_..

Ct04- 0.80000 5.35000 0.00000 -0 .00480 (2.0.12) 1-1,1-2.1-3

.!O;
_..

Np02 [OH12- 0.00000 0.00000 0.00000 0.00000 (2.0.12l 1-1,1-2.1-3_..
Np02C03- 0.00000 0.00000 0.00000 0.00000 [2.0.12) 1-1,1-2.1-3

.•..l' _..
Np02 (C03) 2-- 0.00000 0.00000 0.00000 0.00000 [1.4,50) 2- [n>2)_..
Np02 (CO)) 3 ... - 0.00000 0,00000 0.00000 0.00000 [1.4,50) 2-\n>2)

,. _..
H2P04- 0.00000 0.00000 -92.90000 0.00000 (2.0.12) 1-1,1-2,1-3

/r.' AIlI··· ""'.. 0.00000 0.00000 0.00000 0.00000 (l.4,50) 2-ln>21

;"
_..

P04 .. - 0.00000 0.00000 0.00000 0.00000 (l.4,50l 2-(n>2)
.:., AoCO). el- 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1,1-2,1-3

AoCO,. so.- 0.00000 0.00000 0.00000 0.00000 (2.0,12 ) 1-1,1-2,1-3

" ,~ AoCO). HSO'- 0.00000 0,00000 0.00000 0.00000 (2.0,121 1-1.1-:0:,1-3

~::( ." """,,). "'- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2,1-3

2.i';~ AoCO). HCQl- 0.00000 0.00000 0.00000 0.00000 C2.0.121 1-1,1-2.1-3

2:.2~ AlIC03. CO)- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

J:.') AoCO,. BIOOI4- 0.00000 0.00000 0.00000 0.00000 /2.0.121 1-1,1-2,1-3

." . """". BJO)IOHI4- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1,1-2.1-3
;;Z!· """'). B405101114- 0.00000 0.00000 0.00000 0.00000 12.0.12J 1-1.1-2.1-)

~ ;?~ AoCO). 8r- 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1.1-2.1-3

L" AoCO). AmlC0312- 0.00000 0.00000 0.00000 0.00000 C2.0.12l 1-1.1-2.1-3

.!./. AoCO)• blC0313 __ 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2,1-)

J~': AoCO). Cl()4- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1.1-2.1-3
:::.;:.. AoCO). Np02COHI'2- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2.1-3
;;-:~, """',. ~CO)- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2,1-3

~ .'J """',. Np02 lC03)2-- 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1.1-2,1-3

... :'.~ AoCO)• Np021CO)I)-- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2,1-)
L. .•: AoCO,. 112""- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1.1-2,1·)
.;;"'; -:<>,• """- 0.00000 0.00000 0.00000 0.00000 /2.0.121 1-1.1-2,1-3

"""'). ""-- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1.1-2.1·)
~:~; 'n!•••• el- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1,1-2.1-)

~:l" 1b.-. 50<- 0.00000 0.00000 0.00000 0.00000 (1. ", 50) 2-\n>21

.2 :'.~ 1b...... HSO<- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-)
.2..; 1b.-. "'- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2,1-) -
~_. Ttl ........ HCQ)- 0.00000 O. 00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3 ";;~2

1b••_ CO)- 0.00000 0.00000 0.00000 0.00000 fl.',501 2-{rP-21
;;~:: Th..·••• BICt04- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2.1-3
:.<!~ ",.-. BJ03IOH).- 0.00000 0.00000 0.00000 0.00000 12.0,121 1-1,1-2,1-) \S.:(:":: '!'h...... 8405COH).- 0.00000 0.00000 0.00000 0.00000 (2.0.121 1-1,1-2.1-)
L';'~ Ttl.··. '<- 0.00000 0.00000 0.00000 0.00000 12.0,12) 1-1.1-2.1-)

'.' . .

,i.:? 1b...... M{COJ12- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1.1-2,1-3 "'~. "~" /
,.- .. n...... A:n{C"O) 1)-- 0.00000 0.00000 0.00000 0.00000 1l.<.501 2-1n>21 •... /
ni~ Ttl·.. •• CI04- O.OCOOO 0.00000 0.00000 0.00000 12.0.121 1-1.1-2,1-3 .~:.-

;:~::
'ltl••_

t.'p0210H12· 0.00000 0.00000 0.00000 0.00000 (2.0.l2) 1-1.1-2.1-3
~f-~ 'ttl•••• Np02CO)- 0.00000 0.00000 0.00000 0.00000 C2.0.121 1-1.1-2.1-)
2.~"'~ 1'1'1..... Ns:oQ2 lC03 12..- 0.00000 0.00000 O. 00000 0.00000 (1.4.501 2-1,.,.21
.:::"l 1b•••• Np02IC0313"-- 0.00000 0.00000 0.00000 0.00000 (1.4.501 2-1""21
::r:~ Ttl..••.. K2P04.- 0.00000 0.00000 0.00000 0.00000 (2.0,i21 1-1,1-2.1-)
;: ::~ 'nl...... KPO"_ 0.00000 0.00000 0.00000 0.00000 {1.4,501 2~(n>21

~!.., Th···. "".- 0.00000 0.00000 0.00000 0.00000 (1.4.501 2-(n>21
.t:-:-: 002 •• 01- 0.42'740 1.64400 0.00000 -0.Ol686 (2.0.121 1~1.1-2,l-)

2~·~ 002•• so.- O. ]2200 1.82700 0.00000 -0.0l'760 (1.4,121 2-2
.ii,:: 001·· HSO'- 0.00000 0.00000 O. 00000 O. 00000 (2.0.12/ 1~1,1-2,l-3

::,;:: 002... 00- 0.00000 0.00000 0.00000 0.00000 12.0,12) 1~1.1-2,l-)

;::~ . 002·· HOO)- 0.00000 0.00000 0.00000 0.00000 12.0.121 1-1,1-2,1-3
~/:2 002·· CO). 0.00000 0.00000 0.00000 0.00000 (1.4.12l 2-2
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.~,_.. ,
.'~ '.

,(' .

002...• B1OHJ4- 0.00000 0 00000 0 00000 0 00000 " .O.12l 1-1,1-2,1-3

002•• BJ03 lOR) 4- 0.00000 0 00000 0 00000 0 00000 (2 0.12) 1-1,1-2,1-3

002++ B4QS (OR14$ 0.00000 0 00000 0 00000 0 00000 (2.C.lll 1-1,1-2.1-3

002..... 8<- 0.00000 0 00000 0 00000 0 00000 (2.0,121 1-1,1-2.1-3

002.· ADI(CO)12- 0.00000 0 00000 0 00000 0 00000 C:2.0.12) 1-1.1-2.1-3

002++ JIm(CO)l3 .. - 0.00000 0.00000 0 00000 0 00000 (1. <.. Sal 2- (n:>2)

002•• ClO<'· 0.61130 2.14400 0 00000 0 0:2168 (2.0.121 1-1,1-2.1-3

002.· Np02 (OH)2- 0.00000 0.00000 0 OObOO 0 00000 (2.0.12) 1-1,1-2,1-3

002 ... Np02CQ)- 0.00000 0.00000 0 00000 0 00000 (2.0.12) 1-1,1-2,1-3

002•• Np02(CO))2"'- 0.00000 0.00000 0 00000 0 00000 (1.4,50) 2-(n>2}

U02'H Np02 lC03) 3"'- 0.00000 0.00000 0 00000 0 00000 (1.4,50) 2-(n>2)

002 .... H2PO<l- 0.00000 0.00000 0 00000 0.00000 (2.0,12) 1-1,1~:!,1-3

002 .... HPO'l .. 0.00000 0.00000 0 00000 0.00000 (1.4,12) 2-2

{)O2 .... PQ4=_ 0.00000 0.00000 0 00000 0.00000 (1.4, SOl 2-(n>2}

""'2' 01- 0.16900 0.00000 , 00000 0.00000 12.0,~21 ~-~.1-4,l-J

"",2' so.- 0.00000 0.00000 0 00000 0.00000 (2.0,12) 1-1.1-2,1-3

"",2' HSO'l- O.OOO~O 0.00000 0 00000 0.00000 {2.0,121 1-1,1-2.1~3

"",2. OH- 0.00000 0.00000 0 00000 0.00000 (2.0,12l 1-1,1-2.1-3

""'2. HC03- 0.00000 0.00000 0 00000 0.00000 (2.0,12) 1-1,1-2,1-3

"",2. ero- 0.00000 0.00000 0 00000 0.00000 (2.0.12) 1-1.1-2.1-3

"",2' B{C»:!14- 0.00000 0.00000 0 00000 0.00000 12.0.12) 1-1.1-2,1-3

"",2. B303 (OHj4- 0.00000 0.00000 0 00000 0.00000 (2.0.121 1-1,1-2.1-3

"",2. B405 (OHj4", 0.00000 0.00000 0.00000 0.00000 (2.0.12l 1-1,1-2,1-3

""'2' a,- 0.00000 0 00000 0.00000 0.00000 (2.0,12l 1-1,1-2,1-3

""'2' Aln(C03)2- 0.00000 0 00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

"",2. Aln(COJ 13-- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

"",2. C104- 0.31200 0.00000 0.00000 0.00000 (2. 0, 12) 1-1,1-2,1-3

"",2. Np02 (OH) 2- 0.00000 0.00000 0.00000 0.00000' (2.0.12) 1-1,1-2,1-3

""'2' Np02C03- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2.1-3

"",2. Np02{C03)2..- 0.00000 0.00000 0.00000 0.00000 (2.0,121 1-1.1-2,1-3

"",2. Np02 fCOJ j J." .. - 0.00000 0.00000 O. 00000 0.00000 (2.0,12! 1-1.1-2,1-J

""'2' H2P04- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3

"",2' HPQh 0.00000 0.00000 0.00000 0.00000 12.0.12) 1-1,1-2,1-3

"",2. P04><- 0.00000 0.00000 0.00000 0.00000 12.0,::'2) 1-1,1-2,1-3

Cation-Cation Te.nl.llry Interactions; thetalc1.c2)

Th........

:;;:.2 AmC03 ..
:;:~:;

./,

-""",,3. Th......• 002•• _2.
0.00000 0.00000 0.00000 0.00000

Th............ 002... _2.
0.00000 0.00000 0.00000

002•• _2. '-''''~:<,:''''- -',-0.00000 0.00000 .,
_2.
0.00000

002....
0.00000

_2.
0.00000

Th."'••
0.00000

_2.
O. 00000

002.....
0.00000

t".... Mq.. HgOH.. H. HgB(CH)4" CaB!CH)4..
_..

AlrC03 .. TIl.....• ..
0.07000 0.07000 0.00000 0.03600 0.00000 0.00000 0.00000 0.00000 0.00000

""'2'
0.00000

Hq•• HqON. H. HgB{OH}4" CaB{OH)4 .. Alft....... J\IlC03. 'I'll•••• U02 ...
0.00000 0.00000 0.00500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

HgB{OHJ4. CaBlOH}4. Nfl..·.. AmC03. nJ,........

0.00000 0.00000 0.00000 0.00000 0.00000

H. HgB(OH)4. CaBIOH)4" AIn+". AmC03.
0.10000 0.00000 0.00000 0.00000 0.00000

MgOH. H... HgB(OH)4... CaB{OH)4• .Am+.....

0.00000 0.09200 0.00000 0.00000 0.00000

><gOH'
0.00000

c"••
0.03200_2.
0.00000

I1g••
0.00700

H'
0.00000

11gB (CH) 4. CaB(CH)4.
_..

AlnC:OJ.
0.00000 0.00000 0.00000 0.00000

CaB{CHl4+
_..

-""""3. nJ,......

0.00000 0.00000 0.00000 0.00000_..
"""'3. Th•••• 002......

0.00000 0.00000 0.00000 0.00000

-""""3. Th•••• 002•• _2.
0.00000 0.00000 0.00000 0.00000

Th••"'. 002•• _2'
0.00000 0.00000 0.00000

002... _2'
0.00000 0.00000

_2.
0.00000

,.
-0.01200
002....
0.00000N.·

N.·

_..

,.;.

,',-C_) ,.
''''. ,.

•;,1,'

Ca"'''

.. ", Mq"

MqOI<.

so.- -- OH- NC03- C03", BIOH) 4- B303 (OM) 4_ B405{OH)4,. a<- AmIC03)2-
0.02000 -0.00600 -0.05000 0.03000 ~0.02000 -0.06500 0.12000 0.07400 0.00000 0.00000
Am(C0313><- CI04- Np02(OH)2- Np02C03- Np02{C03)2 Np02{C03l3 H2P04- HP04>< PO<l __

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.10000 0.00000 0.00000

><so<- OH- Hoo3- 003_ B{OH)4- 8303 (CH) 4~ B405 (OH) h_ 'Br- J\nI(C03)2- Aln{C03) 3 .. -
0.00000 -0.01300 0.01000 0.02000 -0.01200 0.10000 0.12000 0.00000 0.00000 0.00000
CI04- NpQ2 (OH) 2- Np02C03- Np021C03)2 Np02{C03J3 H2P04- HPQ'- PO<l.-
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000
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1lSO'-

1lSO'-

OH-
a .00000
Np02 (OH)2

0.00000

HCO)

0.00000
Np02CO)

0.00000

CO)

0.00000
ND02 (CO)l2
0.00000

BIOH)4
0.00000
Np02 ICO) 13
0.00000

BJ03(OHI4
O. 00000
H2P04
0.00000

B405 (OH)4:
0.00000
HP04"
O. 00000

>,-
O. 00000
po",...

0.00000

AmlCO))2- NICCO)})"· C104-
0.00000 a 00000 0.00000

OH-

OH-

HeOJ
0.00000
NpQ2COJ
0.00000

CO)
0.10000
Ni)02 (CO) ) 2

o. 00000

IHOH) 4
0.00000
Np02ICOJ) J
0.00000

B)O) (OH).- R405 (OH) 4,.
0.00000 0.00000
H2P04- HP04a
0.00000 0.00000

>,
0.00000
P04,.
e.DOOOO

1\lnfCO))2- Am(CO)))a- C104-
0.00000 0.00000 0.00000

Np02(OH)2·
O. 00000

HCO)-

ffC03-

CO)"

-0.04000
NpQ2 (CO)):2

0.00000

BlOH)4- 530) lOH14- B405(OHI4",
0.00000 -0.10000 -0.08700
NpQ2 (CO) I) H2PO"- HP04,.
O.OODOO 0.00000 0.00000

><
0.00000
PQ4"'
0.00000

Nr\fC0312
0.00000

Am(CO)))"'- Cl04-
0.00000 0.00000

N;>o2l0H12- Np02CO)
O. 00000 0.00000

CO)-

CO)-

B (00) 4

O.OOOOD
Np02 (CO))]

0.00000

B)03 (OHI 4

0.00000
"'>'04
0.00000

'8405IOH)4,.
0.00000
H>'04'
0.00000

B,
C.OOOOO
P04,.
0.00000

Am(C03J2- Am(C0313,.- C104-
0.00000 0.00000 0.00000

Np02(OHI2- Np02C03
0.00000 0.00000

Np02 (CO) 12
0.00000

BIOH)4-

B(OH)4-

8303 (CH) 4

0.00000
H2P04-
0, 00000

B405(OH).'"
0.00000

H!'04'
0.00000

B,
0.00000
P04"
0.00000

AmlC0312
O. 00000

A1n(C031)e- C10.-
0.00000 0.00000

Np02(OHI2- Np02CO)
0.00000 0.00000

lI.'p02fC03)2 Np02(CO)13
0.00000 o. 00000

a303 (OH)4.

a303 (OOl4-

B40SIOH)4=
o. coooa
H!i"04 ..
0,00000

B,
0.00000
P04..
0.00000

"""(C03)2- M1(C0313"'- C104-
O. 00000 O. 00000 a .00000

Np02 (OHI2- Np02C03
0.00000 0.00000

Np02 (C03) 2 l>.>p02 (CO))) H2P04
0.00000 0.00000 0.00000

:",: B405(OHlh

B40SIOH)b

",

0.00000
PQ4 .. -

O. 00000

"m(ca) )2- -'m(CO)) ),,- C104-
0.00000 0.00000 0.00000

~2(OH12- Np02CO)- Np02(CO)12 Np02(CO)1) E2P04-
0.00000 0.00000 0.00000 0.00000 ( .00000

HP04=
0.00000

',-., Br-
JIm (CO) )2- ArrI(ca3) 3"- el04-
0.00000 0.00000 0.00000

Np02(QH)2- Np02CO)- Np02(CO))2 Np02(C03)J H2P04-
0.00000 0.00000 0.00000 0.00000 0.00000

HP04=
0.00000

P04"
0.00000

1'.nI(C0313a- el04-
0.00000 0.00000

Np02(OR)2- Np02C03- Np02(CO))2 Np02(CO))) H2P04-
0.00000 0.00000 0.00000 0.00000 0.00000

HPQ'
0.00000

1'04=
0.00000

C1Q4.
0.00000

Np02fOHI2- NpC2CO)- Np02(COJ12 Np02(C03)) H2P04-
0.00000 0.00000 0.00000 0.00000 0.00000

HPQ4'"
0.00000

P04=
0.00000

:'.' ;

CI04-

Np02(OHI2- NpC2CO)- Np02(Ca)12 Np02(CO))) H2P04-
0.00000 o. 00000 0.00000 0.00000 0.00000

HP04 ..
0.00000

P04=
0.00000

Np02C03- NpC2(C0312 Np02(C031) H:2P04-
0.00000 0.00000 0.00000 0.00000

Np02CO)-

Np02(C03)2 NpC2(COJ)) H2P04
0.00000 0.00000 0.00000

HPe4..
0.00000

HPQ'
0.00000

>'04-
0.00000

>'04-
0.00000

Np02(CO))3 H2P04
0.00000 0.00000Np02 (CO)) 2 __

Np02 (CO)) J .....

HP04'"

H2P04
0.00000

H>'04
0.00000

>'04-
0.00000

lfi'04=
0.00000

~4 .. 
0.00000

">'04
0.00000

P04=
0.00000

P04=
0.00000

" Cation-Cation-Anion Ternary lnte:racticns: psif, .• 1

el- so,- 1lSO'- OH- HC03- CO)_ B(OH)4- '830) (OHI4 B405 (CH) 4 8<-
~<.~. No' K. -0.00180 -0.01000 0.00000 0.00000 -0.00300 0.00300 0.00000 0.00000 0.00000 0.00000
"',,' No' Ca..... -0.00700 -0.05500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1./,: No' ..... -0.01200 -0.01500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

... " Na' HgOH. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
....~,> No' H. -0.00400 0.00000 -0.01290 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

No' MgB(OH)4.. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~,- .' No' CaB (OR) 4.. 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

<,,' No'
_..

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOC-OO 0.00000 0.00000
.~ ".,' N.· A1ZCOJ... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o .ooeoo O.OOOCO 0.00000 0.00000
.t.:.' No· Ttl............ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

No' 002..... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOCOO 0.00000 0.00000
No' NpO,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o.ooe'oo 0.00000 0.00000

'"' K. Cll ..... -0.02500 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.. K' ..... -0.02200 -0.04800 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
t. ~,,' K. HgOH. 0.00000 0.00000 0.00000 0_00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
"...... K' H. -0.01100 0.19700 ·0.02650 O. 00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000

".'" K' MQB(CHI4'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~'-" K· CIlB(OH)4... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.. " K'

_..
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOUCo 0.00000 0.00000

.'"' K. JIllC03 .. 0.00000 0.00000 0.00000 O. 00000 O. 00000 O. 00000 0.00000 0.00000 0.00000 0.00000

K' Th............ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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':~ . ,. 002...... 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0 00000 0 00000

_..-. ,. Np'''' 0 00000 O. 00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0 00000 0 , 00000

_.~·o Ca...... Mg" -0 01200 0.02400 0 00000 0.00000 0.00000 o. 00000 0 .00000 0 00000 0 00000 0 .00000

"-. Ca...... MIlOH'" 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0 00000

Ca...... H' -0 01500 O. 00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 00000 O. 00000 0 00000

, <: ~' Ca...... MqB(OHI4 ... 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 · 00000 0 00000 0.00000 0 00000

.:- } Ca...... CaB (OH) 4'" 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0 00000

Ca......
_..

0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

Ca...... 1oIrC03 ... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0 . 00000

'.;~; Ca...... 111............. 0 00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 O. 00000 0 00000

Ca...... 002.'" 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 OOOOC

Ca...... _2' 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 D. 00000 O. 00000 0.00000 O. 00000

Hg" MgOH' 0 02800 0, 00000 0.00000 o. 00000 0._00000 0.00000 0 · 00000 0 00000 0.00000 0 00000

Mg•• H' -0 01100 0.00000 -0.01180 O. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

Mg•• MgB(OHlh 0 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 · 00000 0 00000 0.00000 0 00000

Mg...... CaB {OHl4... 0 00000 0.00000 0.00000 O. 00000 O. 00000 0.00000 0 00000 0 00000 0.00000 0 00000

Mg.....
_..

0 00000 0.00000 o. 00000 O. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

',.- Mg..... 1\I!C03 .. 0 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000
,:.- Mg...... '!tl............ 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

Hg" U02 ...... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 .00000 0.00000 0 00000

11"..... -,. 0 00000 0.00000 0.00000 O. 00000 O. 00000 0.00000 , 00000 , 00000 0.00000 0 00000

MgOH. H' 0 00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0 00000 0 .00000 0,00000 0 00000

MgOH. MgB(OHI4 .. 0 00000 0.00000 0.00000 O. 00000 0.00000 0.00000 , 00000 0 00000 0.00000 0 .00000

MqOH'" CaBlOH}4'" 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 , 00000 0 00000 0.00000 0 00000

MgOH"
_.. , 00000 0,00000 0.00000 0.00000 0.00000 0.00000 , 00000 0 00000 0.00000 0 00000

HgOH'" AmCOJ ... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

~-~.: MgOH" 111............ 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

MgOH ... 00:;2 ...... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

MgOH.. -,. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0 00000

c .. ' H. MqB(OH)h 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000

H· CaB lOH) 4'" 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0 00000
..... H· Am......... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 · 00000 0 00000 0.00000 0.00000

H· /IlrCO) ... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0 00000 0.00000 0.00000

H· 1'11......... 0 . 00000 0.00000 0_00000 O. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

H· 002 ...... 0 00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
c:,' H' -,. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
,:.- ; MqBlOHl4... CaB (OH) 4... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0.00000

HgB(OH\4 ..
_..

0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0.00000

MgB(DH)4 ... AIlC03 .. 0 00000 O. 00000 0.00000 O. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

'.'~, MqBIOH/4 ... Th............ O. 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 D. 00000 0 00000 0.00000 0.00000

... MqBlOHI4... 002.... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
.',." HqB1OHI4'" -,. 0 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

CaBIOH)4 ...
_..

0 00000 0.00000 0, 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

CaB (OH) 4... 1\I!C03 ... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 00000 0.00000 0.00000
.:::" CaBlOH14 .. 1'11.......... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

.. CaB1OHj4 .. 002 ..... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
15:" CaB/OR) 4'" -,. O. 00000 0.00000 a 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
!".-: _..

1IllC03 .. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
.;.:, ~ ,.... 111............ 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000.., _..

002 ...... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
",,;'; ,.... -,. 0 00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
... < AllC03... Ttl··..... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000

ArlC03 .. 002 ..... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
!.""~\ -=03' -,. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
,:-.,' 111........... 002.... 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
..~'~ 111. ............ -,. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000
~,;~, 00:;2 ..... -,. 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 , 00000 0.00000 0.00000

'." Am(C03)2- AmlC03)3 .. C104- NpQ2(OHj2 Np02C03· Np02 lC03) Np02(COJ) H2P04- HPQ<- P04z_
~"'; N.· K. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000N.· Ca.'" 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:,;.; N.· Mg" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000N.· MgOH. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000N.· H' 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
c.,,; N.· MqB(OHI4... 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000
',r,; N.· C&B(Of!:14. O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000N.· _..

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000N.· AmC03... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000N.· Th......... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
N.· 002 .... O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,.- N•• Np02. O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,. Ca·'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000
K· Mg" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
K. MgOH. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
K. H. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,. MqB10H)4... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,. C&B(OH)4 .. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0'.00000

',;',: K·
_..

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
K' -=03. O. 00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000,. Th........... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,. U02 ..... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:,; K' -,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000
,;'; Ca...... Mg" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
',;-:' Ca..... MgOH. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000, ," Ca..... H. O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
;'.'" Ca...... MgB (OHJ4... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000
~_:" Ca...... CaB(OH)h 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
..... Ca.....

_..
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.... Ca...... -=03. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Ca...... 111............. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Ca·... 002 .... 0.00000 0 00000 o. 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 o. 00000 ........
'" Ca." "",,,. 0.00000 0 00000 0.00000 0 .00000 0 00000 0 00000 0 00000 0 00000 0 00000 0.00000

,"'. Mg+. HqOH. e. 00000 0 00000 0.00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 o. 00000

" .... ..... H' O. 00000 0 00000 0.00000 0 00000 0 00000 0 00000 0 00000 0 coooo 0 00000 0.00000

Mg.... MgBrOti)4+ 0.00000 0 00000 0.00000 0 00000 0 00000 0 00000 0 .00000 0 0000<) 0 00000 0.00000
"';.- ..... CaB (00) 4+ O. 00000 0 00000 O. 00000 0 · 00000 0 00000 0.00000 0 · 00000 0 00001) 0 . 00000 0.00000..... _..

0.00000 0 00000 0.00000 0 · 00000 O. 00000 0.00000 0 · 00000 0 0000 ') 0.00000 O. 00000

..... ..... AlIC03 .. O. DOOOO 0 00000 O. 00000 0 00000 0.00000 0.00000 0 00000 0 0000<) 0.00000 O. 00000

:.-~ Mg" '!11+....... 0.00000 D 00000 0.00000 0 00000 0.00000 0.00000 0 00000 0 00000) 0.00000 o. 00000

.,'; ..... 002...... 0.00000 0 00000 0.00000 0 00000 0.00000 O. 00000 0 00000 0 0000) 0.00000 o. 00000

Mg.· "",,,. 0.00000 0 00000 0.00000 0 00000 0.00000 O. 00000 0 .00000 0 0000 ) O. 00000 O. 00000

'./,. MgOH.... H. O. 00000 0 00000 O. 00000 0 · 00000 0.00000 0.00000 0 · 00000 0 0000 :> 0.00000 0.00000

HgOH. M...B(OH)4... O. 00000 0 00000 0.00000 0 00000 0.00000 0.00000 0 00000 0 0000 J 0.00000 O. 00000

>~ . MgOH. CaB{OH)4... 0.00000 0, 00000 0.00000 0 00000 0.00000 O. 00000 0 00000 0 0000) 0.00000 a 00000

:-'~ HqOH'
_..

O. 00000 0 00000 0.00000 0 00000 0.00000 O. 00000 0 00000 0 0000) 0.00000 0.00000

HgOH. MCOJ. 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 OCOOO 0 .OOOOJ 0.00000 0.00000

HgOH· Ttl ........... 0.00000 0 00000 0.00000 0.00000 o. 00000 0.00000 0 .00000 0 0000) 0.00000 O. 00000

HqOH. 002..... 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 0000) O. 00000 o. 00000

M.qOH'" -,. 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 o. 00000

H' MgBIOH)4" 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 O. 00000

, .'. H· CaB 10fil 4+ 0.00000 0 00000 0.00000 0.00000 0.00000 o. 00000 0 00000 0 00000 0.00000 O. 00000

H'
_..

o. 00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 . 00000 O. 00000 O. 00000

H' AmCOJ. O. 00000 0.00000 0_00000 0.00000 0.00000 O. 00000 0 · 00000 0 _00000 O. 00000 o. 00000
",,' H· Th...••... O. 00000 0.00000 O. 00000 o. 00000 O. 00000 0.00000 0 .00000 0 00000 0.00000 0.00000

H' 002... O. 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 00000 0 oaooo 0.00000 O. 00000

H. -,. o. 00000 O. OCOOO 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

, . HqB{Ol-ll4 ... CaB IOH) 4+ 0.00000 O.OCOOO 0.00000 0.00000 O.OOOQO 0.00000 0 00000 0 00000 0.00000 O. 00000

HqB{QH14 ..
_..

O. 00000 O.oeooo 0.00000 0.00000 0.00000 o. 00000 0 00000 0 00000 0.00000 O. 00000

.... HQ'B{OI-l14 ... MCOJ. O. 00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0 .00000 0 00000 O. 00000 o. 00000

'"
MgSIOHi4. '11) ........ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000

HgBIDH)4... tl02..... 0.00000 O. 00000 0.00000 0.00000 O. 00000 0.00000 0 .00000 0 . 00000 0.00000 0.00000

>--~ HgBIDH)4 .. -,. 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0 00000 0 00000 0.00000 0.00000

,~ CaB1DH14 ...
_..

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 ODOOO 0 00000 0.00000 0.00000

CaBlOH14 ... ArrCO). 0.00000 0.00000 0.00000 0.00000 0.00000 O. OOOOD 0 00000 0 OOOOD 0.00000 0.00000

-::.: CaB 101-l) 4 ... Ttl.......... 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0 .00000 0 00000 0.00000 O. 00000
"{,> CaB (Ol-l)4. 002 .... O. 00000 0.00000 0.00000 o. 00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000
,-,; ;. CaB(OHI4... -,. 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 00000 0 00000 0.00000 0.00000_..

.Me0) ... 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0 · 00000 0 OOOCO 0.00000 0.00000_.. Th.......... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0 OODCO 0.00000 0.00000
-..; _..

tl02·..... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 oooco 0.00000 0.00000_.. -,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000
AlrC03. Th...• ... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000

.-.m:03 ... 002 ..... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 o. 00000
AmCOJ .. -,. D.OOOOO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCD 0.00000 0.00000 ~

Th......... 002 .... 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 O. 00000
Th......... -,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 0.00000 0.00000

"' -- tl02 ... -,. 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0 OOOC 0 0.00000 0.00000

:', Anion-Anion-Cation 'T'e:rnary Interac:eions , psi(". )

." , "". X. C........ Hg...... HqOH. H' M...BIQH)'" CaB/om' ... Am-+.... AmC03..

Cl- 50<- 0 00140 0.00000 ·0 01800 -0.00400 0.00000 0.00000 0.00000 O.OOOCO 0.00000 0.00000
~}'.: Cl- HS04- -0 00600 0.00000 0 00000 0.00000 0.00000 0.01300 0.00000 O.OOOCO 0.00000 0.00000
',::,; Cl- OH· -0 00600 -0.00600 -0 02500 0.00000 0.00000 O. 00000 0.00000 o.Oooeo 0.00000 0.00000
'-;," Cl· HCO" ·0 01500 O. 00000 0 00000 -0.09600 0.00000 O. 00000 0.00000 O.OOOCO 0.00000 0.00000
~-,." Cl- co,- 0 00850 0.00400 0 00000 0.00000 0.00000 O. 00000 0.00000 O. OOOC'O 0.00000 0.00000
.-, . Cl· B10H14- -0 00730 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 O.OOOC'O 0.00000 0.00000

C1- B30J1OH)4- -0. 02400 0.00000 0 00000 0,00000 0.00000 0.00000 0.00000 O.OOOC'O 0.00000 0.00000
".. Cl- B40S{OH)4s 0.02600 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 O.OOOC'O 0.00000 0.00000
.:... ; Cl· Br· 0.00000 0.00000 0 00000 0.00000 O. 00000 0.00000 0.00000 O. 000('0 0.00000 O. 00000
:"~ C1· AlEI1C03) 2- 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.000('0 0.00000 0.00000
,-".: Cl· 1oD\lCOJ 1J=- 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 O.OOODO 0.00000 0.00000
:,2" Cl· C104- 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.000('0 0.00000 0.00000

Cl· Np02 IOH) 2- 0.0-0000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
",.. Cl- Np02COJ- O. 00000 O. 00000 0,00000 0.00000 0.00000 0.00000 0.00000 o.ooono 0.00000 0.00000

Cl- Np02 (C03) 2=- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOOCIO 0.00000 0.00000, -~-; Cl· Np02 {C03 13 ..=- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Cl- IDPO<· O. 00000 -0.01000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

',-
Cl- HP04= O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000

.,,;;:;- Cl· PQ4=- 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
;)','; S04- llSO" -0.00940 -0.015770 0.00000 -0.04250 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:':'-< 50<- 00· -0.00900 -0.05000 0.00000 0.00000 0.00000 0.00000 0.00000 0_00000 0.00000 0.00000

50<_ HCOJ- -0.00500 0.00000 0.00000 -0.16100 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
€";.,,; S04- COJ", -0.00500 -0.00900 0.00000 0.00000 0.00000 0.00000 o 00000 o .0001lO 0.00000 0.00000
" 504= BIOH)4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

504= BJOJ [OH) 4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
S04_ B40SIOH)4,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
S04- Br- O. 00000 0.00000 0.00000 O. 00000 0.00000 O. 00000 0.00000 O. 0001)0 0.00000 0.00000
504" AmlCOJ12- O. 00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 O.OOOilO 0.00000 0.00000
504= AnllCOJ13=- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOOilO 0.00000 0.00000so.- C104- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOOlO 0.00000 0.00000

""- Np02(OH12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O. OOO-lO 0_00000 O. 00000
so<- Np02COJ- O. 00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.000 lO 0.00000 O. 00000

c, 50<_ Np02{COJ12"- 0.00000 O. 00000 0.00000 O. 00000 0.00000 0.00000 O. 00000 0.000 JO 0.00000 0.00000
C' 504= Np02rcOJ13==- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.000JO 0.00000 0.00000

504'" H2P04- 0.00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.000)0 0.00000 0.00000
504,. I-lP04,. 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 O.OOOJO 0,00000 0.00000

-::;::- 504" P04<o_ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOO~O 0.00000 0.00000 -.
-., HSO'- OH- O. 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'.~:.;" llSO" HCOJ~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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~.~ :- 1lSO'- eo'- 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0 00000

~.. KSO<- BtOHl4- 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0 00000

!':'. HSO'- 830lICltUC- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000

KSO<- aCOStOHI4" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000

.. ' HSO'- B<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

t:/!' HSO<- AInlCO)12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.~.' HSO'- ~(CO)I)"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

HSO'- ClO'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000· 0.00000 0.00000 0.00000 0.00000

1lSO'- "'P02(OHI2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1lSO'- Np02COJ- 0.00000 O.ODOOO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

;:~; HSO<- Np02 (CO) )2"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

HSO'- . Np021CO)IJ"",- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

HSO'- "'''''- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

..': KSO<- ><PO" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

..... HSO'- POC-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000

'.:-;.'. OK- HCO]- o.coooo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000

--. OK- eo]_ -0.01100 -0.01000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

!;f" OK- BIOHI(- 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000... OK- B)OJIOH1<l- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

;"- OK- !Wos IOHI4= 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 o.oaooo 0.00000 0.00000

!'.~.: OK- a.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:;' ~ OK- A/IIlCO)}2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0Il- .....tCOlI1- O.OCOQO O.ODctlO o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

'...~ mI- C1O'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

f"';':' OK- Np02tOH12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

(' .. ':. OIl· Np02COJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

! ..~~, 0Il- Np02ICO) 12 ,,- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

OK- Np02ICO)})"·- 0.<:10000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

':':.. 011- "'''''- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

::~ ) OK- HPO'" 0.00000 0.00000 0.00000 D.OOOOO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

i: .~ OK- poc.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

<-_: HCO)· eo" 0.00200 0.01200 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:':.~ HCO)' B(OH)4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.... HCO)- B)0)(OH)4- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

'.:;;: HC03~ B'051OHl4.. 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

(~'-, HCO'- B'- 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:.~' f HCOJ· Am(COJi2- 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

i.....; HCOJ~ I\InlCOJ))"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

-:.;: i HC03~ C104- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

':':.;. HCO)~ Np021OHl2- 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
."'. HCOJ· Np02COJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

'.I.,. HCOJ~ Np02 rCOJ) :;:.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
!'';', KCO)- Np021COJ)3 .... - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:y', H<OJ_ 101'0<1- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~',;" HCOJ- ><PO'> 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.;;::: IiCO)· poc.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

':!:.: eol- B(OH)4- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:•...' eol- B30] 10M) <l- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

f': co,- B<l05(OH)<l .. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~_ ...: eol- ",- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
!';-.) eo,- MICOJ)2- 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
If-:·t CO]> AaIC'OJ)J"- 0.00000 o.ooaoo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'.', eo)- C104- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

eo'- Np02(otI)2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:-;-: eo,· Np02CO)- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o.ocooo 0.00000 0.00000 0.00000
f·.·~ eo'- Np021CO)}2.. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
::'l. eo,- Np02 (CO)}3u- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000--. COl- H2POC- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.'. eo,- K"". 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:.:"; eo'- poc.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
(;'-' alCH14. B)O] (OIU'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
! ,~: alOX) ,- Bros1OH14'" 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000

810KI(- a<- 0.00000 o.OOOCO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~::~:: 810KI<l- .bICOlI2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.:::; BIOHI4. k::olC03})"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:,::~' B rOH)'· C104- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
( ~'': 810Kl4- Hp021OH)2- 0.00000 o.oooco 0.00000 c.ooooo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
( .. ; B1OH)4- Np02C03- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:'-:" BIOftI'- Np02(C0312 .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
-::::, BlOHl'- N'pCl4(C03)) .... - O. 00000 O.OOOM 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.•:>:. 8(OHI4- "'''''- 0.00000 o.OOOtlo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
,.-:... BIOKI4- """. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o.ooaoo 0.00000
r.,,:; BIOtfl4- "".- 0.00000 o.ooo'JO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
..-".1') B30J 10Il1t- B40~IOHI<l.. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
,:;: 8)O)lOH14. ",- 0.00000 O.OOODO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.,::~ 830] (OHI'- ..... 'C0312- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
,:;:: B30)IOHI4- ..... (CO)13.. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~.., . B)O) (OHI4- Cia.· 0.00000 0.00000 0.00000 0.00000 0.00000 O.OOOCO 0.00000 0.00000 0.00000 0.00000
7(" 8)0)(OHl4· N;1021OH12- o.onooo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

830) IOK"- N;:I02CO)- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

''',r~ B30)IOHI4- Np02lC0312-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'.'::'. 8J03 lOffI 4- Np02 ICC) I 1 .... - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
";,' 8l0HQH/4- H2PO<- 0.00000 0.000')0 O. 00000 0.00000 0.00000 0.00000 o.ooooa o.OOCWO 0.00000 0.00000
'r,;, a10)IOHI4- HPCl4" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~:.... 930) 10HI 4- PO<l .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
-,'; 840~10fl1b a.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'v', 8405 rQHlb Am(CO)l2- 0.00000 0.00000 0.00000 0.00000 0.00000 . 0.00000 0.00000 0.00000 O. 00000 0.00000

840510Hl4:s AmlCO)I)"· 0.0000e- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
B<l05IOH)4... C104- 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000, 8405/CHI'''' Np02/OHl2. 0.00000 0.00000 0.00000 O.coooo c.OOOOO 0.00000 0.00000 0.00000 O. cOOOO 0.00000
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B40S(OH)4= Np02CO)- 0 00000 0 00000 0 00000 00000 0 00000 0.00000 0 .00000 0 OOOCiO 0 00000 0 00000
8405 (OOl 4= Np02(CO)\2=- 0 00000 0 00000 0 00000 00000 0 00000 0.00000 0 00000 0 000(10 0 00000 0 00000
B405(OH)4>< Np02 (CO)) J",". 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 .000CiO 0 00000 0 00000
8405 (OM) 4", H2P04- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 00000 0 00000 0 00000
BoIOSfQHl4: HP04 .. 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 00000 0 00000 0 .00000

- . ~' 8405 fOH) 4= P04..- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 000('0 0 OOODO 0 . 00000
8<- AmlC03)2- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 oooc'o 0 00000 0 00000
8<- }Un(C03)J .. - 0 00000 0.00000 0 00000 o. 00000 0 00000 0.00000 0 00000 0 000(10 0 00000 0 00000

B<- C104- 0 00000 0.00000 0 00000 O. 00000 0 00000 0.00000 0 00000 0 OOOCIO 0 00000 0 . 00000
B<- NpCl210H}2- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 OOOC'O 0 00000 0 00000

B<- Np02C03- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 oooe a 0 00000 0 00000
"/' B<- Np02 lCOJ} 2,.- 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 OOOC'O 0 00000 0 00000

B<- Np02 (C03l3""- 0 00000 o. 00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 oooc,o 0 00000 0 00000

B<- H2P04- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 oooc a 0 00000 0 00000

B<- HPQ" 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 oooc,o 0 00000 0 00000.. B<- P04",- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 .00000 0 · oooc a 0 00000 0 00000
., . AlnIC0312- AlnlCO)3,,- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 .0elOOO 0 oooc 0 0 00000 0 00000

AmrC0312- C104- 0 00000 0.00000 0 00000 O. 00000 0.00000 0.00000 0 . 00000 0 · oooc·o 0 00000 0 00000
AmrC0312- Np02(OH}2- 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0 00000 0 · oooco 0 00000 0 00000
Aln(C0312- Np02CO)- O.OOOCO 0.00000 o. 00000 0.00000 0.00000 0.00000 0 00000 0 000'"0 0 00000 0 00000

.~ AmIC03l2- Np02 (C03' 2"'- O. 00000 0.00000 o. OOCOO 0.00000 0.00000 0.00000 0 00000 0 oooc 0 0 00000 0 00000

... JlmIC03l2- Np02 (C03l)="'- 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 OOOCo 0 00000 0 00000
AlnlCO)l2- H2P04- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0 00000 0 · OOOC 0 0 ,00000 0 00000
AmIC03l2- HP04" O. 00000 0.00000 o. 00000 0.00000 0.00000 o. 00000 0 00000 0 oooc a 0 00000 0 00000
AmlC03l2- P04=- O. 00000 0.00000 o. 00000 0.00000 0.00000 o. 00000 0 00000 0 OOOC 0 0 00000 0.00000
Am(C031),,- C104- o. ooooa 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0 oooc a 0 00000 0.00000

. v'; JlmICO) I J"- Np02 (OHl2- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 o. 00000 0 oooc a o. 00000 0.00000
Am(C03l)=- NpC2C03- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 · OOoc 0 O. 00000 0.00000
AmiCO)) 3"- Np02 (C03) 2 .. - O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .OOOC a o. 00000 o. 00000
AmIC03lJ,,- Np02 (C03) 3 .... - 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 o. 00000 0.00000
AmIC03))"- H2i'04- O. 00000 0.00000 O. 00000 0.00000 0.00000 O. 00000 0.00000 0 oooc a 0.00000 o. 00000
AmIC03))"- H;>O¢= O. 00000 0.00000 O. 00000 o. 00000 0.00000 0.00000 0.00000 0 oooc a 0.00000 O. 00000

~., AmIC03l)=- PQ4,.- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 o. ooooa
C104- Np02(OOJ2- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 OOOCo 0.00000 0.00000
C104- Np02CO)- O. 00000 0.00000 o. 00000 0.00000 0.00000 o. 00000 0.00000 0 OOOC a 0.00000 0.00000
C104- Np02(C03)2"- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 000'"0 0.00000 0.00000
C104- Np02 (CO)) ) .... - o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOco o. 00000 0.00000
C104- H2P04- O. 00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 oooco 0.00000 0.00000
C104- HPQ" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 o. 00000

;',:; C104- P04.,- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 0.00000 0.00000
... Np02(OHl2- Np02C03- 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000

:'< Np02(OHl2- Np02 lCO)) 2,,- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOoco 0.00000 0.00000
- ~.: Np02(OH)2- Np02 lC03l 3"'''- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000
:,;,: Np021OHl2- H2i'04- O. 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000
~, -, Np02(OH)2- HPQ4= O. 00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0 oooc a 0.00000 0.00000

Np0210H)2- P04"- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 oooco O. 00000 0.00000
::.,: Np02C03- Np02 (C03) 2"'- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000
-;1,' Np02C03- Np02 {C03 13""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000

Np02C03- H2P04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000

"., Np02C03- HP04" O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 O. 00000 0.00000
> y') Np02COJ- ;>04 .. - O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000
":'~ Np02{C03)2"- Np02IC03)3 .."'- 0, 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 0.00000 0.00000

Np02lCO)12",- H2P04- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 oooc a 0.00000 0.00000
~ ;,~~ Np02IC0312"- H;>04= 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOC 0 0.00000 0.00000

Np02IC03l2"- ;>04",- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 oooc a 0.00000 0.00000
Np02{C03l3'u- H2P04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOCO 0.00000 0.00000

Np02lC03l3"'''- H;>04= O. 00000 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000 0 OOOC·O 0.00000 0.00000
Np02ICO)13 .... - ;>04=- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 oooc·o 0.00000 0.00000
H21"04- H;>04 .. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 · OOOC a 0.00000 0.00000

.. H2;>04- ;>04 .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 OOOc·o 0.00000 0.00000
HFO•• ;>04"- O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 000(·0 0.00000 0.00000

', ..
~." 'n1++++ 002++ Np02.

Cl- 504= 0 00000 O. 00000 0.00000
Cl- HSO<- 0 00000 0.00000 0.00000
Cl- OB- 0 00000 0.00000 0.00000
Cl- HC03- 0 00000 0.00000 0.00000

",,'; Cl- CO)· 0 00000 0.00000 0.00000

'~ Cl- :BlOHI4- 0 00000 0.00000 0.00000 ,~

:.":0.<: Cl- B30)(OHl4- 0 00000 0.00000 0.00000 (r ..',<>'; Cl- B4051OHl4 .. 0 00000 0.00000 0.00000
, ~.•. Cl- B<- 0 00000 0.00000 0.00000
,":: Cl- AlnlCO)l2- 0 00000 0.00000 0.00000

~/
:"'l Cl- AmlC03l3 ..- 0 00000 0.00000 0.00000
'::~" Cl- C104- 0 00000 0.00000 O. 00000
'.,,', Cl- Np02IOH}2- 0 00000 0.00000 0.00000 ..j\. •

":>:~,; Cl- Np02C03- 0 00000 0.00000 0.00000
Cl- Np02 (C03) 2 .. - 0 00000 0.00000 0.00000

;'~' Cl- Np021C03)3 .... - 0 00000 0.00000 O. 00000
Cl- H2P04 - 0 00000 0.00000 0.00000

.", Cl- HP04= 0 00000 0.00000 0.00000

.,::~ Cl- 1"04.,- 0 00000 O. 00000 0.00000

""' S04'" HS04- 0 00000 0.00000 0.00000
-'".' S04" OH- 0 00000 0.00000 0.00000
~."<." 50<. HC03- 0 00000 0.00000 0.00000

:"~" SO<· CO)· 0 00000 0.00000 O. 00000
':;', S04" B{OH)4- 0 00000 0.00000 0.00000

I,,", SO<' B)O) IOHI4- 0 00000 0.00000 O. 00000
.... S04" 8405(00)4,. 0 00000 0.00000 O. 00000

S04" B<- 0 00000 0.00000 o. 00000
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. ~ ""- ADlC03)2- 0.00000 o.ocooe 0.00000
'-0._: soo- Aa/COJ)3-- 0.00000 0.00000 0.00000
(~': soo- Cl04- 0.00000 0.00000 0.00000
::::c,_ $04. N;:102I<»fl2- 0.00000 0.00000 0.00000
::-:F $04- Np02CO]- 0.00000 a.ocooo 0.00000

'1~"" $04. Np02ICQJI2"'- 0.00000 0.00000 0.00000
:::·:~l ""- NpCl2ICO)IJ .... - 0.00000 0.00000 0.00000
.:.~~ ""- "'''''- 0.00000 0.00000 0.00000
C' so,· """,. 0.00000 0.00000 0.00000

':::' $04-
PeG __

a.00000 0.00000 o. 00000
3,::; """. OH- 0.00000 0.00000 o. 00000

!<SO<. >!CO)- 0 00000 0.00000 0.00000
:".:: "",,: CO)· 0.00000 0.00000 0.00000,. !<SO<- srOHl4- O.DOODO 0.00000 0.00000

!<SO< - 8)0) (OH)oI- 0.00000 0.00000 0.00000
~. ", HSOO- B<lOSIOH/4= 0.00000 0.00000 0.00000

"""- 8<- 0.00000 0.00000 0.00000
.~ ;.: HSOO- Ju!llC0312- o. 00000 0.00000 0, 00000

~..f.~ !<SO<- AD/CO) )3.. - 0.00000 0.00000 0, 00000
.;. .~:. !<SO<- CIO<o- 0.00000 0.00000 0.00000
i'''~ !<SO< - NpOlIOHI2- 0.00000 0.00000 0,00000
,..... !<SO<- Np02C'O)- 0.00000 0.00000 0.00000

~t """- ~(COJI2"- O.OODDO 0.00000 0.00000

'r.'''!' """- N;:102lC03 IJz..- 0.00000 0.00000 0.00000
:"f'," HSO'- K2P04- 0.00000 0.00000 0.00000

.: ~" HSO'- HP04 .. 0.00000 0.00000 0.00000
(':::': HSO<- ""-- 0.00000 0.00000 0.00000
;.::~: OK- HCO)- 0.00000 0.00000 0.00000,,-,. OK' CO)· 0.00000 0.00000 0.00000

:':''': OK- BICH)ll- O. 00000 o. 00000 0.00000
:,. :-..~ OK- 8l0l1OH14- o. 00000 0.00000 0.00000

of.'" OK- B4051OH14" 0.00000 0.00000 0.00000." ~ OH- 8<- 0.00000 0.00000 0.00000

:::'.:: OH- AlnICOJ 12- 0.00000 0.00000 0.00000
3.:~ ,. 0Il- ,\m(CCJ) 1,,- O. 00000 0.00000 0.00000
'('1' OH- C104- 0.00000 O,ODOOO 0.00000
,.<. OH- Np02!OHJ2- 0.00000 0.00000 0.00000
.;..;..; On- NpC2C:O)- 0.00000 0.00000 0,00000
('.;" OH- Np02 [CO) 12.. • O. 00000 0.00000 o. 00000
."f;: OH- NpO.2 (CO) )3.... - O. 00000 0.00000 0, 00000,.., OH- H2P04- 0, 00000 0.00000 0.00000

"".: OH- """.. O. 00000 0.00000 0.00000

I''';:: OH- P04 .. - 0, 00000 0.00000 0.00000
,:..:..> HeOl- CO)'" o. 00000 0.00000 0.00000
(.:-:- HCO)- IHOH)4- 0.00000 0.00000 O. 00000

i':~:', HC01- B303 COM)4- 0.00000 0.00000 0, 00000
':6.~ HCOJ- B405 (CHI 4 .. O. 00000 0.00000 0, 00000
,::,.~ >!CO) - 8<- O. 00000 0.00000 0.00000
:;,:o.! >!CO) - AmCC:OJl2- o. 00000 0.00000 0, 00000
~~; H:Q) - AmCCOJllz. 0.00000 0.00000 0.00000

r:"j H:Q) - Cl04~ 0.00000 0.00000 0.00000
:;:;~ MOO)- Np02IC»l'l2- 0.00000 0.00000 0.00000
'::,~ HCO)' Np02CO)- 0.00000 0.00000 0.00000

':~:' HCO)' Np02ICO)l2.. • 0.00000 0.00000 0.00000
,

:~;... H:Q)- N;102IC03U .."'- 0.00000 0.00000 0.00000
f-:"', llCO)- "'''''- 0.00000 0.00000 0.00000
"::':1 llCO'- """,. 0.00000 0.00000 0.00000
:-:,:" llCO)- PC."- 0.00000 0.00000 0.00000
:';';; CO)- BIOHI4- 0.00000 0.00000 0.00000
':','; CO)- B30) (OHI4- 0.00000 0.00000 0,00000 ,
?-"',3. CO)- 8405(OHI4'" 0.00000 0.00000 0.00000 '-", ...: CO)- ..- 0.00000 0.00000 0.00000 v"'~' ~__ /

,'f.'; CO)- ...... ICOJI2- 0.00000 0.00000 o. 00000
::;::=: CO). M(C0313 .. - 0.00000 0.00000 0.00000
:'::;': CO)- Cl04- 0.00000 0.00000 0.00000
':':~' CO)- Np02 'OI:U 2- 0.00000 0.00000 0.00000

""':~ CO). Np02COJ- 0.00000 0.00000 0.00000
~:-;: CO)· Np02IC:OJI2s - 0.00000 0.00000 0.00000
I"!; CO)_ Np02 lC03 1)""- 0.00000 0.00000 0.00000
t:;; CO)- "'''''- 0.00000 O. 00000 0, 00000
,,~ ~ CO)- "PO.. 0.00000 0.00000 0.00000
'(:,: CO,- "".. 0.00000 0.00000 0.00000
".:,";:; BIOMl4· BJOJIOflI.- 0.00000 0.00000 0.00000

C:;'> BIOMI.· BCOSIOHI4 .. 0.00000 0.00000 0.00000
;,'?: BIClHI4. ..- 0.00000 0.00000 0.00000
i;:'::' 810ftI'· . AmlC0312- 0.00000 0.00000 0.00000

~::' BIOHl4. Micalll ..- 0.00000 0.00000 0.00000
':::!'c BCotl)4. elO4- 0.00000 0.00000 0.00000
~.-:,~ 81aH) •• Np02(OHI2- 0.00000 0.00000 0.00000-. BIOHI"'· Np02CO)- 0.00000 0.00000 0.00000
i':":l BIOHI4. Np02 {COJI 2z_ 0.00000 0.00000 0.00000

.':"~! 8IaHl.· Np02ICOJIJ"z- 0.00000 0.00000 0, 00000

::2:' B10ll14- "'''''- 0.00000 0.00000 o. 00000
~~,,' BCCH).· HPO... " 0.00000 0.00000 0,00000
'....:. 8(CH)4- ro4·- o. 00000 0.00000 0.00000- "':'~) 8)03 (OH)4· S40S COH)4,. o. 00000 0.00000 0.00000
t" ';.;~ 810J (OH14- ..- O. 00000 0.00000 0.00000

B1OlIOHl(· AmICOJ)2- 0, 00000 0.00000 O. 00000
"';::~ 8JOlIOlU':· AmlCOJI)"- 0.00000 0, 00000 0.00000

B10310Hl4· CI04- 0.00000 0.00000 0.00000
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.;:..:.; 8)0) IOMl ,- Np02(OHI2- 0.00000 0.00000 0.00000
i~"': 830) 101-11'- Np02COO- 0.00000 0.00000 0.00000

,';,.."-: 830JIOI-II(- '1p02(CO)2.. • 0.00000 0.00000 0.00000

::L"C S)OJIOHI'- Np02ICO)IJI__ 0.00000 0.00000 0.00000
:::,: 8J0)10fl1'- "'''''- 0.00000 0.00000 0.00000

'!~:' 8)O)fOMJ'- """,. 0.00000 0.00000 0.00000

,'-,oJ 8)0) fOMI'- "".- 0.00000 0.00000 0.00000
.,:,:, ~ 84OSIOHlb 8<- 0.00000 0.00000 0.00000
:i:~ 8405IOHI(K AII'l(CO)J2- 0.00000 0.00000 0.00000

-..•. 840SIOHI(K AIll(CO))JI- 0.00000 0.00000 0.00000

:::" 8.OSICllI'"' C1O(- 0.00000 0.00000 0.00000
I.~,. 8405 10fl1 h Np021C»f12- O.OQOOO 0.00000 0.00000
';-'-::, 8405 (Ofllh »po2C01- O.OQOOQ 0.00000 0.00000

"'.: 84051Clll ,,, »po2ICO)12.- O.OQOOQ 0.00000 0.00000
:f"~ • 84.05 IOMI'I NpO.2 (COll)_I_ O.OQOOQ 0.00000 0.00000

::::: 8t05IC1ll'" }oPO'- O.OOOOQ 0.00000 0.00000

8405lOHlh """,. O.OQOOQ 0.00000 0.00000
:,. ;~ 8'051OHlt I po,.- 0.00000 0.00000 0.00000

8<- AmICO)12- 0.00000 0.00000 0.00000

8<- AmlCO)l)·· 0.00000 0.00000 0.00000
!, 8<- Cl~- 0.00000 0.00000 0.00000

8<- Np02fCHI2- 0.00000 0.00000 0.00000,. 8<- NpO.2CO)- 0.00000 0.00000 0.00000

8<- H;:>02 fCO)) 2 __ 0.00000 0.00000 0.00000
r 8~ Hp02lCOJ,J_I- 0.00000 0.00000 0.00000

8<- "'''''- 0.00000 0.00000 0.00000

8<- HPO" 0.00000 0.00000 0.00000
,;.:. 8<- P04=- 0.00000 0.00000 0.00000
., . AlnICOlI2- .-.mICO))J·- 0.00000 0.00000 0.00000

(''<:2 M.lCO)12- C104- 0.00000 0.00000 O.OOOOCl
f,::; M1(CO)12- Np02(OHI2· 0.00000 0.00000 0.00000
'i'.~.: M(CO)l2- Np02CQ1- O. QOOOO 0.00000 0.00000

..i::': Atrl(CO)12- l>,'p02ICO)12.- 0.00000 O.OQOOO 0.00000.,....
M(C'O)12- Np02(C03l1""- 0.00000 O.OOOQO 0.00000

..:t'; MlCO)l2- H2P04- 0.00000 0.00000 0.00000
( ;~~, "",(C'O)l4!- HP04" 0.00000 0.00000 0.00000
.; .~.~ M(COJ 12- P04"- 0.00000 O.QOOOO 0.00000
';.':; MICOJ l )"'- 1::104- 0.00000 0.00000 O. 00000
,;'J! MlCO)l).- Np02 (OH12- 0.00000 Q.QOOOO 0.00000
.,..~. M(CO)lJ"- Np02C03- 0.00000 0.00000 0.00000
:;:::, MlCO) l3-- Np02 (C03l2,.- 0.00000 0.00000 0.00000

','" MICO) 13>0- Np02 (COll 3~I- 0.00000 0.00000 0.00000, . AIrIceo) ))=- H2P04- 0.00000 0.00000 0.00000

:...." AlnICO)) ).- !<PO" O. 00000 0.00000 0.00000
..-

.•.., Aln(CO)U,,· PO'K- O. 00000 0.00000 0.00000
'1"'. C1Ot- Np021OHl2- O.QOOOO 0.00000 0.00000
'.,;:,: C1Ot- Np02C03- 0.00000 0.00000 0.00000
~.( ~~ C1Of· Np02IC0312·- O.OOOQO 0.00000 0.00000

''-<; C1Of- Hp02ICO) 13••- 0.00000 O.OIJOOO 0.00000
,..:,;, Clot· "'''''- O.OOOQO 0.00000 0.00000
J.:.:. C1O'- """,. 0.00000 O.OOOQO 0.00000
:;~..; Clot· "".- C.COOOO O.OOOCO 0.00000
~:tf Hp02(OHJ2- "PO'='- 0.00000 0.00000 0.00000
~,q' Np021OM12- Np02ICO))2"'· 0.00000 0.00000 0.00000
'-:".' Np02fOH12- Np02IC03))"'-- 0.00000 0.00000 0.00000
."0':; t4lCl2(OHI2- "'''''- 0.00000 0.00000 0.00000
';~': Np02ICII12- """,. 0.00000 0.00000 0.00000
:~-<: t4lCl2IOHJ2- "".- 0.00000 0.00000 0.00000
:;;: Np02CO)- Np02 (CO) 12-- 0.00000 0.00000 0,00000
~.;.;: NpC)2CO)· Np02 lC03) 3u- 0.00000 0.00000 0.00000
~-:._: t4lCl2CO)- ll2""- 0.00000 0.00000 0.00000
;':..; Np02C01- 'ro<. 0.00000 0.00000 0.00000
~..-:: ~2CO)- P04"- 0.00000 0.00000 0.00000

Np02 ICO) I 2·- Np021C03 ll".- 0.00000 0.00000 0.00000 ,.
~:; Np02IcoJI2-- "'''''- 0.00000 0.00000 0.00000
~.~, Np02ICO)l2"- ."". o .OQOOO o .OOOOQ 0.00000

" Np02rCO)12I - POt"- 0.00000 O.OOOOQ 0.00000
'i--:-~ Np02ICOlj)_·_ "'''''- 0.00000 O.OOOOQ 0.00000
2';;1 Np021CO)13I __ """,. 0.00000 0.00000 0.00000
::~ Np02fCO)I)·I- "".- 0.00000 o .OOOQO 0.00000
:,,:, "'''''- """,. 0.00000 0.00000 0.00000
(-'~: "'PO<- "".- 0.00000 0.00000 0.00000
~.:-;, """,. PO."'- 0.00000 0.00000 0.00000
-:-:-.)
.s, Ne'Uu.. l-Cation oin4ry Interactions, l&llb:SAln,cl
:}:.::

:.~.r C02laql c.COJ(aql M9C'(·Jtaql BIOfUJ C"OJ Np020Hlaqi 1OP04laq}
:,-.. .... 0.10000 0.00000 0.00000 -0.09700 0.00000 0.00000
~.:' ,. 0.05100 0.00000 0.00000 -0.14000 0.00000 -0.07000
~,'~: Ca·· 0.18300 0.00000 0.00000 0.00000 0.00000 0.00000
.p.; ...-. 0.18100 0.00000 0.00000 0.00000 0.00000 0.00000
:!?'. .,oft. O.OClOOO 0.00000 0.00000 0.00000 0.00000 0.00000
::: ~. .. 0.00000 o .OOOCIO 0.00000 0,00000 0.00000 0.29000

·f· H;BIOHI'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~"7".' Cll8lOHl'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
".,,~
_..

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.""', >oCO,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -:::.:: Tb.··· 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:,~; U02•• 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~,::~ """,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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- Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

-~~

,..~:

;:;'. Neutral- Anion 8inL."Y Interact.ions: lUlbdaIr..al
:l2~

-- C02I~i CaCOJleql Mr,(.:Oj laql SIOHUlaql Np02OHI~1 H3POlllaqi
<'-;':' <1- -O.OOSOC 0.00000 0.00000 0.09100 0.00000 0.00000

....:·1 50<_ o .09"10C 0.00000 0.00000 0.01800 0.00000 0.00000
-;.... ; 1lS04- -O.OOJOC 0.00000 0.00000 0.00000 0.00000 0.00000
,;",1 "'- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

::::.<. Meo3- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000
COl_ O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

'-:. 8lOHlo1- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000
~.~> 830) lOMI4- O.ooooc 0.00000 0.00000 -0.20000 0.00000 0.00000
:<";"'; 8405 (CH)4_ O. OOOOC O.oooao 0.00000 0.00000 0.00000 0.00000
;:.;:: 8:- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000
.::,:, ob{C0312- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

::::;:. oblC031):- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

Cl04- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000
"::1 N::04lotl12- o .OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

N;I02CO)- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

... Nc(l2ICOJl2-- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

.... Np02ICOJI)··· O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

::::-: "'PO<- O.OOOOC O.COOCO 0.00000 0.00000 0.00000 -0.40000
: .~:':~ H!'O<_ O.OOOOC O.OOOCO 0.00000 0.00000 0.00000 0.00000
... PO<-- O.OOOOC 0.00000 0.00000 0.00000 0.00000 0.00000

:'; ~~.'.... :. Neueral-Cation-Anion 1'errut.ry Interactions, ltetaln.c.al

C02tac;;1 CaCO) lac;;l K;COJ/ac;;] SIOH1](ac;; Np02C»Uac;; HJP04{ac;;1..;: ~: No- el- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'.;\.: .,- S04", 0.00000 0.00000 0.00000 0.04600 0.00000 0.00000
". .,. HSO'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.,- OH- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

i;' .,- HC03- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.. .,. CO]: 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
, :':;. ~la· l!(QH14- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.. .,. B)0)/OHI4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· ':~ i .,. B405 (OH) 4'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
·::~::.: .,. .,- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000
::;::: .,. Am(CO)12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

·:':.. .,. Arn(CO)) )-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

; ';::: .,. C104- 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000
, .:~ ..;. .,. Np02 (OH) 2~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· ~.:. :1 N,. Np02COJ~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

::::-::'. .,. Np02(COJI:t .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· ~.~,; .,. Np02(CO])~""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.,- "'>'04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:.: ..' ~ N•• """'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
':;·h. No. P04.. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
':;'):, ,. el- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.: ;,,~ ,. so.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'::.. :. ,. 1lS04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~ :~.,:~ ,. ""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
: .~.:-." ,. HCOJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:.;',~ ,- COl. 0.00000 0.00000 0.00000 0.00000 0.00000 0.001100
· '..~:: ,. B(OH)4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:.,,"' ,. 8JOJIOHJ4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.:-"'j ,. 840510ll14'" 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
: ~:..:: ,. 8<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
; .~.;:; ,. AID/COJJ2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
; ;;~.; ,. .... /CC]J]"'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
!:.:~:; ,. Cl04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

': ~r. ,. Np0210H]2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· :.,;; ,- !I.'p02COJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
":··.if ,. Np02ICO] J 2"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
! ;:) ,. Np02lCO]}J .... - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~ .~~ '; ,. ><2>'04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:'.h3 : ,. "PO<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.::!:2 ,. PO<-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
::-.::: ca.. el- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
·.~::.: c.·· SOt", 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

...- ca·· KS04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:.);.-) ca·· ""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ca•• HCOJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
·,·r:;: Ca•• CO)- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1::~'f- Ca·· 81OH14- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· ...;.~ Ca·· 8JOJIOHH- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:.~ ~. Ca•• 840SIOHl ,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

'~;. : C.·. 8<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
C.·... AmICO])2~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

: :;C~ C....... AlaICCJ))-- 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000
::'("!' C..... Cl04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
, :·:·f C.·... Np02 (OHI2~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1 ;-':' Ca·· Np02COJ- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.- Ca•• Nt>02 (C03J2-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Ca.· Np02 (CO] lJ'"'"- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
C••• H2P04~ O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000

',' Ca·· ><po,. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,.~ Ca•• P04'*- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000



00000' 0 00000' a 00000'0 00000'0 00000'0 00000' a -'. -t UIQ)KV:l
00000'0 00000' a 00000' 0 00000'0 00000'0 00000'0 _,(RO)SOta ., UfO)llV;:l

00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -,.OtO) (0(11 ·tlHOIIlV:J

---- 00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -ttHOII! .,.IHOIP:J
00000 '0 00000' 0 00000'0 00000'0 00000"0 00000' 0 -roo ·~IHOIlir.) ,:
00000' a 00000' 0 00000 '0 00000 '0 00000'0 00000' a -("'" ·tlJ.t:ll~:;) "
00000'0 00000' a 00000'0 00000'0 00000'0 00000' 0 -HO ·"IHOI8'V:l t:

00000"0 00000' 0 00000'0 00000'0 00000'0 00000'0 ->OS>< ·tlHOIs-':J
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 <,os ·tUIJI~:J

00000' a 00000' a 00000'0 00000 '0 00000'0 00000'0 -to ·'lHOJgv:J
00000' 0 00000'0 00000'0 00000' 0 00000 '0 00000' 0 --,0<1 ·tlHOIIlOW
00000' 0 00000' 0 00000'0 00000' 0 00000"0 00000'0 -tOdH ·tlHOlllf>W

.... 00000' 0 00000' 0 00000'0 00000'0 00000'0 00000'0 -tOdZH •• lHOllltlw: "::
00000' 0 00000' 0 00000'0 00000' a 00000'0 00000'0 - __ ({(OO)zQdN ·tIHQIS15R ~;~r.:

\ 00000'0 00000'0 00000'0 00000'0 00000' 0 00000' 0 -"'ZI(OOIZQdN ·tlHOlaOK ;;;r;.

..~~
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -(oozOdN ·tlHOllItiM ,. "
00000'0 00000'0 00000 '0 00000'0 00000'0 00000'0 -!IHOIz:Ol'K -ttiiOlstlW (::-i.
00000'0 00000'0 00000'0 00000'0 00000' 0 00000'0 -tOt:> ·ttHOlaOM ,,:'l;
00000' 0 00000' 0 00000 '0 00000' 0 00000' 0 00000'0 --r I rO:>llllV" .t IJ«:>HllJH "'":-1.

\",_ "t..,;:..:. 00000'0 00000'0 00000'0 00000' 0 00000'0 00000'0 -!{to,:)}lll'J ·tlHOHIOM ;;;.;.- 00000'0 00000'0 00000'0 00000"0 00000'0 00000'0 -:::S ·,.lHO)S6K !".
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -ttKOI'iOK .,.lHOISfiw ~ 71.

00000 '0 00000'0 00000' 0 00000'0 00000'0 00000' 0 -t (HOI ~O(a: ·tIHQla:t>w i :.;.
00000' 0 00000'0 00000'0 00000'0 00000' 0 00000'0 -t!HO) a ·tlHOlatlH f~'; ~

00000' 0 00000'0 00000' a 00000' 0 00000'0 00000' a -(ro ·t(HOlaOH :;: l ,

00000'0 00000' a 00000'0 00000'0 00000'0 00000' a -(O:;)H ·.tHOlatlW .::::
00000' 0 00000' a 00000'0 00000'0 00000'0 00000' 0 -HO ·ttROlatiH .,,;, .
00000'0 00000'0 00000' 0 00000' 0 00000'0 00000'0 -""" ·tlH()}Stlw ~,(;; .
00000"0 00000'0 00000'0 00000' 0 00000'0 00000'0 -,os ·tIHOISf1,t :.<:~;

00000 '0 00000'0 00000'0 00000'0 00000'0 00000'0 -to ·tIHOtll6",( -:~::.

00000' 0 00000'0 00000'0 00000' 0 00000'0 00000' 0 .. too< 'M ::,1. ~

00000 '0 00000'0 00000' 0 00000'0 00000'0 00000' 0 -todH 'M i :;~ i

00000'0 00000'0 00000'0 00000'0 00000'0 00000' 0 -tOot'" 'M ';';r.j
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 ---tl(OOIZOdtt ·11 :";'

00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 --ZIC~IZ:OdH. ·11 :, ~ ••

00000'0 00000' 0 00000' a 00000'0 00000'0 00000' 0 -~rotOdN ·11 :.,~l;

00000'0 00000' a 00000' 0 00000 '0 00000'0 00000 '0 -ZIHQ1Z:odH ·11 ,,:; ~

00000' 0 00000' 0 00000' 0 00000 '0 00000'0 00000 '0 -KIt:) ·M ''''0'
00000'0 00000' 0 00000 '0 00000' 0 00000'0 00000'0 -_C{tO::lIWV ·M ~:~! .
00000'0 00000' a 00000'0 00000'0 00000'0 00000'0 -Z(cro)WV 'M ;:':::
00000'0 00000' a 00000'0 00000' 0 00000'0 00000 '0 -'. 'M ....
00000'0 00000'0 00000'0 00000'0 00000"0 00000'0 -,. IMOI SO" 'M i;:i;
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -tlMOI(O('ll "II ~~i t :

00000'0 00000'0 00000' 0 00000'0 00000 '0 00000' a -tlHOllJ ·11 ,'. <,

00000' a 00000'0 00000'0 00000'0 00000 '0 00000'0 -'00 'M :Ji'

00000'0 00000' a 00000'0 00000'0 00000'0 00000' a -("'" 'M ;,: ,.

'- 00000'0 00000'0 00000'0 00000'0 0000"0 00000'0 -!lO ~H ::".

00000'0 00000'0 00000 '0 00000"0 00000'0 00000'0 ->OS>< ·M ;:',.;
00000' 0 00000' 0 00000' a 00000'0 00000'0 00000'0 <,os 'M :'.
00000' 0 00000' 0 OZOtO'O- 00000 '0 00000'0 00000'0 -to "II ;;

00000' 0 00000' 0 00000'0 00000'0 00000'0 00000' a --tCd "HQ.OW :': .. '

00000' 0 00000' 0 00000 '0 00000' 0 00000'0 00000' 0 _tCdH '_M

00000' 0 00000' 0 00000 '0 00000' a 00000'0 00000' 0 -tOdZH .""""
00000'0 00000'0 00000'0 00000' 0 00000'0 00000' 0 -uCl(O:l)ZodN: ·HO&A G i.
00000"0 00000' 0 00000'0 00000'0 00000'0 00000'0 --ZI(OOIZ:~ .HI).5w ,:.: \ •

00000'0 00000' 0 00000'0 OOOCO'O 00000'0 00000' 0 -coozOdti ..HQ6M ~::'

00000 '0 00000'0 00000' 0 00000'0 00000'0 00000'0 -ZIMQIZ04i "KOOK:;,
00000' 0 00000' 0 00000' 0 00000'0 00000'0 00000'0 -,Ot:> .""", ;,.,:
00000 '0 00000'0 00000'0 00000'0 00000' 0 00000'0 -,.rt(OClIlC'l ..HOtlW :.~;.

00000'0 00000'0 00000' 0 00000'0 00000'0 00000'0 -!l(OCU:.l:V .~ .:::;.
00000'0 00000 '0 00000'0 00000'0 00000'0 00000'0 -'. .1f05H ~:.'

00000'0 00000' 0 00000' a 00000' 0 00000'0 00000 '0 "tlHOIS;Otll 'HOOM -~:

00000' 0 00000' 0 00000 '0 00000' a 00000'0 00000'0 -,{HOI £O(IJ 'MOO>< .. :..
00000' 0 00000' 0 00000' 0 00000' 0 00000'0 00000' 0 -~lHOla • HO/5w ;:;:".:
00000' 0 00000' 0 00000' 0 00000' a 00000'0 00000 '0 .:(ro "HQ.OIi

00000' a 00000' 0 00000' 0 00000' 0 00000'0 00000' a -(ooH "HOtlH .., .•
00000'0 00000'0 00000'0 00000' 0 00000'0 00000' 0 -HO ·HOfJN .it:..
00000"0 00000'0 00000' 0 00000'0 00000'0 00000'0 -,OSH ...,.,. ,_.....
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 ->OS ..KQliW .••;';;

00000' 0 00000'0 00000'0 00000'0 00000 '0 00000'0 -to .""", '. \':.
00000' 0 00000' 0 00000'0 00000'0 00000'0 00000'0 -.too< ..... ~~'~ .
00000'0 00000' 0 00000'0 00000'0 00000' 0 00000' 0 ,.tCdH .....
00000'0 00000' 0 00000'0 00000'0 00000'0 00000'0 -~OdZH ··5-A .: ~ :. ,
00000'0 00000'0 00000'0 00000'0 00000'0 00000'0 -·-t(rOOlzQ(fH ... 5-..- ' :';.
00000' 0 00000' 0 00000' 0 00000'0 00000'0 00000'0 ·-zICroJZOdn ••.6H ;,:;.;:
00000' a 00000' 0 00000' 0 00000' a 00000'0 00000 '0 -co:n:odN ..... ,:{,': .
00000' 0 00000' 0 00000' 0 00000' 0 00000'0 00000'0 -z:IHO) zCICN ••0",

00000' 0 00000' 0 00000 '0 00000' 0 00000'0 00000'0 -tOt:> .....
~, ... ,

00000'0 00000' 0 00000' 0 00000' 0 00000'0 00000'0 -·((ro~l""i ..... .......
00000'0 00000' 0 00000 '0 00000' 0 00000' 0 00000' 0 ·Zt(0Cl)1IIY ..... ,;.;..;
00000'0 00000' 0 00000'0 00000'0 00000' 0 00000'0 -'. -41 ::-;;j.
QOOOO'O 00000'0 00000'0 00000'0 00000'0 00000'0 _ttHO}l;;Ot" -...
00000' a 00000'0 00000' 0 00000'0 00000' 0 00000' 0 -.IHOICOCI! ...-0;1 ~<'~"

00000' 0 00000'0 00000'0 00000'0 00000' 0 00000' a ~t(HOJS -~ f':':,
00000'0 00000' 0 00000'0 00000' a 00000'0 00000'0 -tOO .....
00000'0 00000'0 00000' 0 00000'0 00000"0 00000'0 -("'" ~.5w .,~~.

00000'0 00000'0 00000"0 00000'0 00000'0 00000'0 -HO ••5so;

00000'0 00000' 0 00000'0 00000' a 00000'0 00000' a ->OS>< .....
00000' 0 00000'0 00000' a 00000'0 00000 '0 00000'0 -"'s ••.5K ;'.,.
00000' 0 00000' 0 00000'0 00000' 0 00000'0 00000' 0 -to ••ow: ,.•.-- .. ./

.LYOrl3HJ'rlY-dN-MrlH JO 8U~S'1 0l!.:! .LOd.I110 :f xlpuoddy

90 0 ··;r
,661 'L I Joqwo,oN 00' [ UO!SJ~A 'remrew s.J~Sn

6118, # OdM 0', UOISJO,\ '.LVCI
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-..
Ca.!lIOH14- M(CO)12- 0.00000 O.OOOCO 0.00000 0.00000 0.00000 0.00000

Ca.!(OHI4· AralCO)J) .. • 0.00000 0.00000 0.00000 0.00000 0.00000 O.OCDOO
:1 CaB1OHI4· CI04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.:X Ca8IOHI4. N;lQ2IOH12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

CaBlOHI4- N;102C03- 0.00000 0.00000 O.DOOOO 0.00000 O.ODCDO 0.00000
;." C&8IOH14" NpO'2IC0312,.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

CeJH01'lI4- Np02IC0313=z- 0.00000 O.OOCOO 0.00000 0.00000 0.00000 0.00000
.. CaBICKI ... 1<2""'. D.ODDD/} O.ODOCO 0.00000 0.00000 0.00000 O. DOODO
"< C&SIOH14· """,. 0.00000 O.DOOOO 0.00000 o.oooco 0.00000 0.00000

.;., CaBIOHI4 .. ""'-- O.ODOOO 0.00000 0.00000 O.OilOOO 0.00000 0.00000...... Cl- 0.00000 0.00000 0.00000 O.OilOOO 0.00000 0.00000..
'" ...... SO<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000...... """- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000...... OM- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

..."..... ><COl- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
":', ...... COl- 0.00000 0.00000 0.00000 O.QooOO 0.00000 0.00000...... StOHI'- 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000
. :!.
_..

BJOJIOH)4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
· ~; ~ ...... B40'5IQ.'U4z 0.00000 o.oaooo 0.00000 0.00000 0.00000 0.00000...... B:-- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000...... _IC'01I2- 0.00000 0.0~000 0.00000 0.00000 0.00000 0.00000

::;'. ...... I\PI{COJIJ .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000... ...... CI04- 0.00000 0.0'000 0.00000 0.00000 0.00000 0.00000
• 1:' ~. ...... "'\>02 lOW 12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
~ ::::" _..

N'p02COJ- 0.00000 o.oaooo 0.00000 0.00000 0.00000 0.00000
";;,t. ...... Np02(COJ)2,.- 0.00000 o.oaooo 0.00000 0.00000 0.00000 0.00000

";'. ...... N'p02 (COJ )3_z- 0.00000 0.0::1000 0.00000 0.00000 0.00000 0.00000...... 012""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000...... HP04z 0.00000 0.00000 0.00000 0.00000 0.00000 0:00000...... 1'0."- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
, , " """". Cl- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
, ~ ;: """" . ,,,,. 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000

"""". """ - O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000
MCO)" OM- 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000

: ..:; ...co" HC03- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
·:.1( Arl'Co:l .. C03" 0.00000 0.00000 c. 00000 0.00000 0.00000 o. 00000
• ~ ,s·, Me03 .. B10H)4· 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000

AIIlC'03 .. BJOJ (OH14- 0.00000 0.00000 0.00000 0.00000 O. 00000 0.00000... AllCOJ .. B405 (OH14z 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000
,..... An'COJ .. ,<- 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000
:-::.:' NlCO) .. AmICOJj2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

..!'". .1\1I'I:0)" AmrCOJlJz- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

NlCOJ· CI04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.. ...co" Np02(OR)2- 0.00000 0.00000 0.00000 0.00000 Q.OOOOO Q.OOOOQ
'::.. :, ...co" N'pCl2C03- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

:::::::. """". Np02(COJl2 z • 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.. """". Np02lCOJ1J .... - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

"""". 012""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.. """". HP04 .. 0.00000 O. OOOM 0.00000 0.00000 0.00000 0.00000

.. """". "".- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.. : '~ Tb........ Cl- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.;::,:. Th.•••• ""- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
';i: Th. ............ """- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
';., ~ ~~ Th... ••.. · OH- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Th.. ••.. """,- o.coooo 0.00000 0.00000 0.00000 0.00000 0.00000.:~ Th·..... CO'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000:, ,:: 1b....... Bla(l4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:;-'';.: 1'1'\......... B10JlOln~- 0.00000 0.00000 0.00000 O.QCOOO o.oaooo Q .00000
:;.?, '71'l ...... B40S{OH).· 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:JJl 1'b....... ,<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'~''; :0 1'b........ AmlCOJJ2- O.OOOI)Q 0.00000 0.00000 0.00000 0.00000 0.00000

-.. ~ 1'b....... A:nlCOJIJz- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.. 1b..... CI04~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

..40'. 1b..... Np02 lOf!) 2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'2,F 1b........ Np02CO)- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
: J .:~\ ~........ ~21COJI2z- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
';;::.:r ~........ Np02 (COJIJ-.- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
',::;'; ~..... 012""'- 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000
i;',: ".,....... """'- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

....:.c ~........ "".. 0.00000 o.COOOO 0.00000 0.00000 0.00000 0.00000

.;::::: 002·" Cl- 0.00000 O.coooo 0.00000 0.00000 0.00000 0.00000
:.}.'~ 002 .. • ""- 0.00000 ~ .(,0<100 0.<10000 o .QOOOO 0.00000 0.00000
·}~:: 002 .... """- 0.00000 c.e·oooo 0.00000 0.00000 0.00000 0.00000
:'. ~>:) 002 .... OH- 0_00000 0.00000 0.00000 0.00000 0.00000 0.00000
,....,

002.' ><COl- 0.00000 o.oooco 0.00000 0.00000 0.00000 0.00000
.... ::.:: U02..... COl- 0.00000 O.ClOOOO 0.00000 O. 00000 0.00000 0.00000
".:. 002·· BIOH14- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

'.'. 002." B30JIOHI4- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1..102.... B~O~(OHI.z 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

." 1.102·" ,<- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.: :'. 002.... A:nICOJJ2- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
.: ~. 002." AmIC'QJJJ .. - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:;. ... i 002 .... CI04- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
:.',.' 002·" Np021OH12- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

002 ..... Np02C03- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000- 002 .. • W0>02\COJ12<o- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
002 ..... Np02(COJJ)_z- 0.00000 0.00000 0.00000 O. 00000 0.00000 0.00000

002." K2P04_ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

002... ..0,_ 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000
002.... ro4"- 0.00000 o.ooooe e.ooooo 0.00000 0.00000 0.00000
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"PO" Cl- 0 OOOOC 0 00000 0 00000 0 00000 .00000 0.00000

"PO" 504. 0 00000 0 00000 0 00000 0 00000 0.00000 0.00000

"PO" HSQ'- 0 00000 0 00000 0 00000 0 00000 0.00000 0.00000

"PO" OH- 0 00000 0 00000 0 00000 0 00000 0.00000 0.00000

"PO" RCO)- 0 00000 0.00000 0 00000 0 .00000 0.00000 0.00000

"PO" COJ. 0 00000 0.00000 0 00000 0 00000 0.00000 0.00000

"PO" BIOO)4- 0 00000 0.00000 0 00000 0 00000 0.00000 0.00000

"PO" B)O) IOHI4- 0 00000 0.00000 0 00000 0 00000 0.00000 0.00000
"",,", 840510K)4-.: 0 00000 0.00000 0 00000 0 00000 0.00000 0.00000

"PO" B<- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000

lI.<po2- AmIC0312- 0 OODOO 0.00000 0 00000 0.00000 0.00000 0.00000

lI.'p02-. klIC031)"· 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000
l'.':lC!2. CI04- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000

"PO" ~2rOK12- 0 00000 0.00000 0 00000 0.00000 0.00000 0.00000

"PO" Np02CO)- 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000

,."". !'fp02(CO)l2.- 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000
"",,". Np02 (CO) I )n_ 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000
"",,", "'''''- 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000

"PO" H"'" 0 00000 o. 00000 0.00000 0.00000 0.00000 0.00000

"PO" po,., 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
U$in9 PInD. AC'I'IVI't"t COE!'F"ICIEm' lIIoc!el
Ch.arge Balance repl"ces I'!lemBlt OXyge:l

this is " BATCH prClbh:lll

:;.::: Ideal C4s Constant is uni:y IP:i.IIle:nsionlessJ
'.:::: ~rstl,/.re. 298.15 I") deqr« Kelvin

· '.,~ ,

WPO # 28119
November 17. 1995

P.oe 138

-

·.:~.:

:.t::"_
-:t.~ .-

. ,
'::

r" }

: '}:,;

"'"

115 Species

EJeDle:nt Name

""""""=<>xyq=
SodiWll
Potll.,ssium
Maqne.siwn
Calciwn
Chlorine
Sulfur
cart>on
PasIon
Ne9Ion

"'"80<=
BrOllline
TracerEl
'I'MIVl
kII(lI'll
If(VI)

Np(V)

Cl04- {ELI
Phosphorus
Electron
Charql'!

2) £1C11e:1b

MOlecular Weiqht
1.00790

15. "940
22.98977
)9.098)0
24.)0500
'0.08000
35.45)00
32.015000
12.01100

0.00000
0.00000

28.UOOO
10.81000
19.90'00

0.00000
232.03810
243.00000
2)8.02900
231.04fi20

99.45060
30.97400

0.00000
0.00000

-.

. ,..'

:~;: '.

." .;

·:.:';

.,

·.~.:.'

Species NIlIIle ,..... Ho1.Wt. Std Ch-.ical Potential, um
' ....\.

1 ",0 "",.... aqu~. U.015 -95.663, "- N•• •qu~ 22.990 -105.6S1
J •• .. aqu~ 39 .098 -113.957

• Co_ Ca.-· aqu~ '0.080 -223.300 ;, ...- .....
-~.

24.305 -1I3.US

,.,.,,/-'"•""". """,. •qu~ 41.312 -251.5140, H. H· aqu~ 1.008 0.000
, ,

8 Cl- Cl- ......... 35.453 -52.955

•50<_
50< _ _.

96.058 -300.)86

10 1<50<- 1<50<. .queou, n.0fi6 -304. '42
11 C><. C><- -.queous 1'7.001 -63. '35
12 HCOJ- HCOJ· -~, 61.017 -236. i51
13 C03_ e03. lIIqueo\lS 60.009 -212.944
14 C02 (a'l) C021aql aqueous 44.010 -155.680
15 eaC03Ia,,) CaC03 (a,,) aqueous 100.089 -443.S00
16 tfqC03 (ll.q) MgC03 (a,,) aqueous 84.)14 -'0) .1$5

" B10Hll (lIq) B(OtO)ll,,) aqueous 61.832 -390.810,. 8(OHI4- B1OKJ4- ...,...,. 78.839 -'65.200
19 BJOJ(OH14- 8303(OHI4- .qu~ 148 .•57 -963.770
JO 8405IOHl4- 8405IOH14 .. aqu~ 191.266 -1239.100
J1 CaBlcnll4 .. CII.IlIOfll'"

-~
118.919 -652.300

" !'lVB(OHI4· HgB(OH14.
-~

103.1U -651.190

" >.- ><- aqueous 79.90' -999.990

" C104- perchlorate CIQ4- ......". ".451 -"'.990
25 NaOHla"J •. _ .,. t.itrate.~se .olUy -, 39."7 500.000
26 IICllaql .... ... to tit.rate .a.eid.on1y aqueous )6 .•61 ~OO.OOO

2i HCI04 (lI.ql ... ". titrat.e.acicl..0I'I1y aq'-Jeot,:$ lOO .•59 500.000

" Poslen. . •••• POSIT'IVE. 1(1.1 aqueous 0.000 0.000
2' Neg-Ion. ............ , .. NEGATIVE.. 1(1.1 -~, 0.000 0.000
3D PoslonlOH) (aql. .. to. titrate.base aqueous 1i.007 ~OO.OOO
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Pa« 139

: .I. ~-, ;

;-,:.,

500 000
o 000

-HiO.900
-'55.960
-439.367
-410.947
-369.127
-438.518
-505.829
-594.492
-808.403

~1019. 918
-241.69'
-4n.060
-695.880
-915.460
-)93."7
-462.950
-"'.990
-99!1.990
.454.010
·452.6C2
-713.707
9".990

-569.950
-.92.."94

-lJ96.4ge
-709.750
-533.730

-1057.050
-893.650
-455.110
-532.390
-853.100

-1383.600
·335.400

-1449.400
·455.600
-698.100

42658.450
-778.410

-1020.300
-1157.830
-1360.500
-1041.450

-125.560
-15e.990

-1061.600
·931.200
-350.060
-579.800

·140J .970
-1751.'50
·414.450

-1029.600
-417.570

-1471.150
-30n.UO
-H).HO

-1382.780
-695.300

-1596.100
·1073.100
-2282.500

-362.120
-577.370

-2555.400
-1006. BOO
-''71.740
-950.800
-919.600

-1094.950
-164.840

-1104.800
-2015.900
-512.350
~518. 800
-950.HO

-2224.160
-390.esO

-1770.260
-1663.470
-'61.420

-1854.800
·125.770

1 OOB
o 000

97 !I!1S
96 987
95 980
ge 972

269 041
286 054
303.062
3:!9 056
389.065
U9 0'5
243.000
30).009
363.018
4:!3.028
271 015
294.022
232.038
2-'0.028
2B6.054
286.054
352.045
458.035
320.017
294.022
01901.09'
33'.972
136.138
332.':'00
219.011
100.089
114.254
203.302
3H.461
S8.320

390.063
100 089
183.04'
567.467
203.096
277.854
246 469
296.154
2'18.175
1'12.168
58.U3

228.45'
248.960
100.115
lJ1L)78
366.678
0156.242

84.314
207.146
136.16C
322.189
991.237

84.007
286.141
138.360
402.708
242.108
602.922
14.095

165.229
730.919
230.188
258.243
310.418
262.092
232.095
14.551

328.407
517.590
142.037
124. DOC
226.026
381.367

61.832
293.204
305.493
131.859
295.111
160.272

aque~

aqueous
.queous
.",,~

aqueous
aq.Ieou$
equeo s
aqueo s
aQl.leous
aqueo...s
eqvt'Ous
aqueous
aqueo...s
aqueous
aqueous
equeou$
equeous
~eO\ls

~.ous

~.OU$

solid
,"olie!.
solid.
solid.
solid.
solid
solid.
solid
solid
solid
solid
solie!.
solid
solid
solid.
solid.
solid
solid
solid
solie!
aolid
solid
aoHd
selid
selid
solid.
solid
solid
solid
solid
solid.
solid.
solid
solid
solid.
solid
solid
solid
solid
solie!
solid
soliel.
solid
solid
solid
solid
solid
solid
solid
solid.
solid.
solie!
solid
solid
solid
solid.
solid
soliel.
$ohd.
solid
solid.
solid
solid
solid
501.d

" ..,;

~.: :-~

: .~~ .

· ,'-,

'.:' .

· ~.'

31 Hto;eqlonlaql... ... to. titrate .acid
32 Tracltrlaql.. . conservative. t.rtKetc
33 HJ1'04f.r;z) JOf04Jaqi
34 K2POC_ H2POf,-
J!> HP04. Ki'04-
36 POt-- P04 ••
) 7 Np02. Np02+

38 Np020Hfaql Np020HCaql
39 Np02tOHIZ- Np02IOH)2-
40 Np02C:OJ- Np02COJ-
41 Np02{COJI2.~ Np02IC03l2.·
42 NcQ2tCQJ/)"'· Np02(COJ}3···
4) ~+... l'Iln+++

44 AIrCOJ.. JUrC03"
45 M\ICO))2- l'Iln\COJ)2-
461'.m(CO)))_. Am(CO)])_·

41 A1nlOtlJZ. A,mCOH1Z.
U J\IlI1C»l)J,aQ) AmIOM)) 1_:;)
4 9 71J--..... 71> .
50 U02.~ UIVlI02 ·
51. Np020HIagedJ Npl)2OHta\Jedl
52 Np02OHlA/tlOrl Np02OHI&ll'IOrl
53 NaN;:lC2C03 f s I Na»po2COJ (s I
54 Na.J»P02IC03)2IsIJ)X~3)LS.UlLED

S5 AI':I:JHCO) leI ADOHCQ) Ie)
561o={OH)3(SI A:rtIOKIJIs)
57 NaA:IlICOJJ2. fiH20/c)
58 Azll.P'04IC:) ~Ic:l

S9 C...s04 A.·I..'lY~ i te
60 l<OalO IS0412~hthitdite/Clase::ite

61 caC12.6K20 MtUc:ticite
62 caCOl Aragonite
63 K2504 Arcllnite
64 HgC12. 6100 aischo!itc
65 N1I21'fgISO~)2.lM20 Bloedite
66 Hq(01f12 Brucite
67 Na6C03 (504) 2 Bur)o;.citc
68 CaC03 Calcite
69 CaCI2: .4~O CaC12_1'etrahydritc

70 Ca4C12 (OH16 .13H20_CaOXychloride JI.
71 Ca2C12(OH12.K20__CaOXyc:hloride B
n K)olg-CIL6.o0 Carnallite
'3 MgS04. 7.00 ~.$OlIIitc

,e CaNa2 lC0312. 5H20 Gaylussite

'5 Na2CalS0412 Glauberite
76 C.soc. 2100 GypsUlll
11 Nacl Maliee
18 !'~.&100 ~~ite

79 KMgC1S04.JtGO X.inite
80 !QICO) ~lidnite

81 l"..gSO< .H20 Xi.ueriee
82 OMg (S04) 2. (H2O Leoni t.c
83 Sa4C" rS041 J . 2K20 Labile_sal t

8e l".gC03 K.gTIe.siu
85 Mg2Cllc.llJ .4K20 !'!qOxyc:hloridoR
86 JCHSCX Mercallite
81 Na2S04.l0ti:20 Mirabilite
88 1t8H6(S0411 Kiseniee
89 SaHCOJ Nahcolite
90 Na2CQ).10K20 Natron
91 Mg-C03.3100 NesQ\lehonite
92 K2Hg-(S0412.6K20 PicrOll'lerite/Schoen
93 Na2CarC0312.2K20 Pirssonite
94 K2MqCa2 (S04) 4 .2H20 Polyhalite
95 Ca,(0li)2 Portlanditc
96 K2C03.312H20_Potassi"",,-Cubonlltc
97 K8H4 (COl 16 .JK20_K-sequic:a,rbonate
981<NaCOJ.6H20 K-Na,-Carbonate
99 K2Na1l(C03J 2 .2H20_Potassiu"LTrOna.

100 K)H.iS04 J 2_Se$quipota.!lsiu~,-Sulhte
101 Na,3HlS04 12__Sesquisodiu:n_Su1hte

.•: 102 Na2C03.1H20-na2CO)-HQtahydrat.e
:-: •., 103 Re1 Sylvite

104 lt2CaIS04I2.H:20 Synqer.iee
105 Hq2C"C16.12K20 TachytJydrite
106 N&2SCM 'l1".en.ardite
10' Na.2C03.H20 "l"her.rcnatrite
108 Na.3H(C0312.2K20 Trona
109 ~B407 .10100 Borax
110 !l (CH13 Bcri..xJ.c:id.-SOlid
111 JCe508. uao__K-Pen.t.£borate_130_C)
112 K2S407 .4H20_Jo;·Tetr~r.te_(30_C)
113 NaB02.4H20 Sod.iUI:Ll1etaborate
IH N&8508. 5H20__SodiWILPentabor.te
115 NAB02.NaCl.2K20_~leite_{20_CI

· '.;

":.'.

>" N.·
For1ftUla K.tr:u-.
2 0
o 0
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J ,. 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

",J'
,

Ca~... a a 0 0 a 1 a 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 ,
~ ',': S Hq•• 0 0 0 0 1 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 2
/'.' 6 _H. 1 1 0 0 1 0 0 0 a a 0 0 a 0 0 0 0 0 0 0 0 0 1
,".;' , H' 1 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1. , 01- 0 0 0 a 0 0 1 0 a 0 0 0 0 0 0 0 0 0 a 0 0 0 -1

· ~ , ' 9 so,. 0 , 0 a 0 a a 1 0 0 a a 0 0 0 0 a 0 a a 0 a -,
10 HS04- 1 , 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 a 0 0 0 0 -1

... 11 QH- 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 -1
~ ;. 12 HC'03- 1 J 0 0 a a 0 a 1 a a a a a a a a a a a 0 a -1

13 CO) .. a J a a a a a a 1 a a a a a a a a a a a 0 a -2

l< CO:2{aq) 0 2 0 0 a 0 0 0 1 0 0 0 0 0 0 0 0 a 0 a 0 0 a
15 CaCO) (aq) 0 J 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 a 0 0 0

... 16 HgCO) (aq) 0 J 0 0 1 0 0 0 1 0 0 a 0 0 0 a 0 0 0 0 a 0 0
,'" 17 !l{OH)3faq) J J 0 0 0 a 0 0 a a a a 1 0 a 0 a 0 0 0 a 0 0

18 BIOH)4- , , 0 0 0 0 0 a 0 0 0 0 1 0 0 0 0 0 0 0 0 a -1

19 B303{OH)4~
, , a 0 0 0 0 a 0 a a a J a a a 0 0 0 0 0 0 -1

20 BoI05{OHI4", , 9 0 0 0 a 0 a 0 0 a a , a a a 0 0 0 0 0 a -2

21 Call (OM) 4. , , a 0 0 1 0 a 0 0 0 0 1 a a 0 0 0 0 0 0 a 1
22 H!:l'a COHI 4... , , a 0 1 a 0 a 0 0 0 0 1 0 a 0 0 0 a 0 0 0 1
23 ar- 0 0 0 0 0 0 0 a 0 0 0 0 0 1 0 0 0 0 a 0 0 0 -1

24 CI04- pe 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 a a 1 0 0 -1

" ~ 25 NaOH(aq). .. to. 0' 1 1 1 0 0 0 0 a 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0

26 HClfaq),. ..... to 0' 1 0 0 0 a 0 1 0 0 0 0 0 0 0 0 0 a a a a 0 0 a
-.. 27 HCI04 (aq) ... .. to oi 1 0 0 0 a 0 0 0 0 0 0 0 0 0 0 a 0 0 0 1 a 0 0

28 POslon. a a 0 0 0 0 0 0 0 1 a a 0 0 a a a 0 0 a 0 0 1
29 Neg-Ion. a a 0 0 0 0 0 0 0 a 1 a 0 0 0 a a 0 0 a 0 0 -1

30 PoslonlOHl lac;zl .. 1 1 0 0 0 a 0 0 0 1 a 0 a a 0 a 0 0 0 0 0 0 0
co 31 HNelllon{aql. 1 a 0 0 0 a 0 0 0 0 1 0 0 0 0 0 0 0 0 '0 0 0 0

.:"' 32 Tracer (aq) . .... cons 0 0 0 0 0 0 a 0 0 0 a a 0 0 1 0 0 0 a 0 a 0 0

33 H3P04 {aql J , a a 0 a 0 0 0 0 0 0 0 0 0 0 0 0 a 0 1 a 0

34 I".2P04- 2 , 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 a a 0 1 0 -1

35 HP04" 1 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 0 a 1 0 -2
· ~::. 36 \'04,,- 0 , 0 0 0 a 0 a 0 0 0 0 0 0 0 0 0 a 0 a 1 0 -J

37 Np()2. 0 2 0 0 a 0 0 0 0 0 0 0 0 0 0 a 0 a 1 a 0 0 1

,',' 38 Np020H{aql 1 J 0 0 a 0 a 0 0 0 0 0 0 0 0 0 a 0 1 0 0 0 0

39 Np02(OHJ2- 2 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -1
':-.',' 40 Np02C03- 0 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 -1
· ~:- 41 NpQ2 (C03 I 2"'- a , 0 0 0 0 0 0 2 a a 0 0 0 a 0 0 0 1 0 0 0 -J

(2 Np02 (C03l3"'''- 0 11 0 0 0 0 0 0 J 0 0 0 0 0 0 0 0 0 1 0 0 0 -5

"
_..

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 J

" JUre03 ... 0 J 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1
45 AmIC03l2- 0 6 a 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 -1

:'.' 46 AmCC0313=- a 9 0 0 0 0 0 0 J 0 0 0 a 0 0 0 J 0 0 0 0 0 -J .-
,~ . 47 Am{OH)2. 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 a 0 0 1
~ ;". 48 Am(OHl3 (aq) J J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

-,',;'- 49 'I'h...... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 ,
,., 50 002•• 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2

~ .; ,~ ~ 51 Np020H(aged) ___ 1 J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
· .:,',~ 52 NpQ20H{&nCIl:) ___ 1 J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

,'; 53 NIl.Np02C03 (5) ___ 0 5 1 0 0 0 0 0 1 0 0 0 0 0 a a 0 0 1 0 0 0 0
· ~:: ". 54 NaJNp021C0312{sl_Ol 0 , J 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 1 0 0 0 0

.'." 55 AmOHC03 (c) 1 , 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0.. ~:~; 56 Am.(OH1J Is) J J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0... "., 57 NllAfn(CO)12 6H20(cL 12 12 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 a 0 a 0 0 0
'.;';,'-0 58 AmP04 (c) 0 , 0 0 0 a 0 c 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0

.','," 59 CaS04 0 , 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
',0' 60 N4K3(S0412_Aphthie 0 , 1 J a 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

· '.,. 61 Cacl2.6H20 12 6 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'':'':! 62 CaC03 0 J 0 0 0 1 0 0 1 0 0 0 0 0 a 0 0 0 0 0 0 0 0

63 K2S04 0 , 0 , 0 0 0 1 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0
'.:';,; 64 Hgc12.6H20 12 6 0 0 1 0 , C 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0
· ~":', 65 Na2Mg(S04J2 .4H20_ , 12 2 0 1 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<' 66 HglQHJ2 2 2 0 0 '1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0
(.,.;' 67 Na6C03(S0412___ 0 11 6 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

, " ~':" 68 Ca,C03 0 J 0 0 0 1 0 0 1 0 0 0 0 0 0 0 a 0 0 0 0 0 0

/':';;"~'.:n 69 CaCl2. 4H20___OaO , , 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
;';') 70 c",4C12 (OH) 6 .13H20_ J2 19 0 0 0 , , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 'V~1).,

71 Ca2C12IOHl2 ,H20__ , J 0 0 0 , , 0 0 a a 0 0 0 0 a 0 0 0 0 0 0 0 ,'1 ,.,.. '-, ...
n lQo!.gC13. 6100____ 12 6 0 1 1 0 J 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 , ; >....~ ~,\,.

73 HQS04. 7100 l< 11 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~'.:'-... \~\ .,.> 10

: :',>,. 74 C~..2(C03)2.5H20_ 10 11 , 0 0 1 0 , , 0 0 0 0 0 0 0 0 0 0 0 0 0 0
':;>0 75 NtI.2Ca{S04)2____ 0 , , 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

76 Caso4. 2H20 , 6 0 a 0 1 0 1 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0
77 NaC1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7B HQS04. 6H20 12 10 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

:';':, 79 K.!1gc1S04.3H20___ 6 , 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
80 tOtC03 1 J 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
81 MgS04.H20 2 5 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
82 IQHgIS0412.4H20__ , 12 0 , 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

"", 83 Na4Ca(S04)3.2H20_ , l< , 0 0 1 0 J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
84 H9C03 0 J 0 0 1 0 0 0 , 0 0 a 0 0 0 0 0 a 0 0 0 0 0
85 H92C1 (OHl3. 4H20__ 11 , 0 0 2 a 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
86 lGtS04 1 , 0 1 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
67 N~2S04.l0a20___ " l< , 0 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
68 KliH6(504)7 6 " 0 , 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
89 N~C03 1 J 1 0 a 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
90 N~2C03 .10H20___ " 13 , 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 a
91 H9C0J ,3H20 6 6 0 0 1 0 0 0 1 0 0 0 a 0 0 0 0 0 0 0 0 0 0
92 iQMg{S04)2.6H20 Pic 12 l< 0 , 1 0 0 2 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0
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<. " N.:2C.. ICO) J:2. 2H20_ • • 2 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.:) " K2HqCf02 rS04) •. 2KlO_ • " 0 2 1 2 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

" CalOH1:2 2 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
:"; " KZCOJ.3/2H20_P¢ta , • 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
~' ;; " K8M4 (CO)) 6. JH20_K 10 21 0 • 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.~ ~. "
XNaCO).6H20____ 12 9 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

" K2HaHlCOJ12.2H20_ 5 • 1 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'~;:> ) 100 IOHIS0412_sesquipo 1 • 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
, '; ': ~ 101 NeJtHS0412__Se5qu 1 • ) 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
::~;: 102 Na2C'OJ .1H20__Na2C 14 10 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
... 10) 1<Cl 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

: :-:.•. 10' X2.CalS04)2.H20__ 2 9 0 2 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.-- - lOS H92CaC16.12H20__ " " 0 0 2 1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
: ., 10. r.:.,:2S04 0 • 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

:'lY' 107 N.ZCO) .H20 2 • 2 0 0 0 C 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
. _.. 100 ~)HIC:OJI2_2H20__ 5 • 1 0 0 0 C 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

':-~.' 109 Na28407.1QH20___ 20 n 2 0 0 0 C 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0
. ~ ...: 110 SIOIU) • ) ) 0 0 0 0 C 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

111 1O!l508.4H20__K-'en • 12 0 1 0 0 C 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0

112 KleCQ7 .4H20_J(.-Te~
, 11 0 2 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0

. ~ ~ III NaB02.4H20___So • • 1 0 0 0 C' 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

114 NaB50B.SH20__"O lO II 1 0 0 0 C' 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0

'" NaB02.N.Cl.2H20_'t • , 2 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0., .........................................................................................................

-

",

-
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Appendix K: Listing of HMW_NP_AM,RHOMIN and References Cited in Listing

K.l Listing

See Table 25 for explanation of this listing.

, .d3 'N'pIV)020H(lI.qejj . .. . NplV)02OH(a9ed)·

, .d3 'Np(VlC20H(llIIlOrl. .NpIVI020Hlamor) ,
, .d3 'NaNp(VI02COJIsl ....NaNp(V)02COJ(s},
, .d3 'NaNp02C03Na2COJ (s1Na3Np02 IC03)2 lsi'

'.d3 Am:lHCO] (c)

'.d3 AIl'I(CHl) (5)

'.d3 NaAmICO]) :2 .6H20(cl

'.d3 1\InP04 Ie)

2980 dO CaS04 Anhyd:cite CRC p.il-lBl'185
2 d3 NaK31S04)2 Aphthi tali ee/G14serite
2 d3 C",C12.6H20 Jlntllrctiei te

2940 dO ClI.COJ Aragonite CRe 1'.8-181 lBS
266] .dO K2S04 Arcanite CRe 1'.8-181 l8S, d3 MgC12.6H20 Bischofite

~ ," 2250 dO Na2M9(S0412 4H20 Bloedite CRC p 8-181 l8S
2390 dO Mq(OH}2 Brucite CRC p B-181 lBS

2.d3 Na6C03(SQ4j2 Burkeite

2828 dO CaCO] Calcite eRe p.:e-181 18S
.;:: 2 d3 Cael2.4H20 Cael2 Tetrahydrite, dl Cll4C12 (QH) 6 13H20 CaOxyehloricle "
. , d3 Ca2Cl2 (CH) 2 .H20 CoSO:o;yehlo:dde B

1602 dO ~l3.6H20 CarnoSllite CitC p.B-181 lSS
, 1677 dO H9S04 · 7H2O Epsomite CRC p.B-181 l85

1991 dO C~ll2(C0312 ,H2O Gaylussite CRC p.B-181 lSS

,", 2800 dO Na2Ca (00412 Glauberiee CRC p.B-181 lSS

2335 dO CaS04o.2H20 Gyp.= CRC p.B-181 l8S
Y 2165.dO NaC1 Hlllite CRC p.B-181 185, d3 MgS04.6H20 Hexahydrite

.0> 2150 dO KHgC1S04.3H20 Kainite CRC p.B-1Sl 185, d3 KHCOJ Ka1icinite
:.~: 2571 dO MqS04o.H20 Kieserite CRC p.B-181 lSS, d3 K2M9 (S04)2. 4H20 Leonite

.> , d3 Na4Ca(S04)J .2H20 Labile Salt
J210 dO ""COJ Magnesite CRC p.B-181:185

,-, , dl l'l92Cl(OH1J.4H20 MgOxyehloride
.~ ". , dl "'SO, Mercal1ite

1490 dO Na2S04.10H20 Mirlltli1ite CRC p.B-181:1B5

2 d3 K8H6(S0417 MlSenite, dl NllHCOJ Nahcolite, d3 Na2COJ.10H20 Natron, dJ M<jlCOJ .JH20 Nesquehonite, d3 K2Mr;J(S04) 2. 6H20 Picromerite/Schoen
,. ~ , d3 Na2Ca(COJI2.2H20 PiriOsonite, dJ K2Mr;JCa2 (S04) 4 .2H20 Polyhalite
.,:" 2.dJ Ca(OH}2 portlandite

'.d3 K2COJ .3/2H20 poell$siUIII Carbonate

'.d3 K8H4o (C03) 6 .3H20 K-Sequicarbonate
f" '.d3 KNllCOJ .6H20 K-Na-Carbonate

'.d3 K2NllH(C0312.2H20 Potassium T'rOn.1l.

'.d3 KJH(S04o)2 Sesquipotassi\,\lrl Sl.llfllte

'.d3 NaJH(S04)2 SesQ\1isodiWl'l Sl.llfaee

'.d3 Na2COJ .7H20 Na2COJ-Heptllhydrate

1990.dO KC1 Sylvl.te CRC p.B-181:H5

'.d3 K2ClllS04o)2.H20 Synr;Jeniee

'.d3 Mq2CllC16.12H20 1'llehyhydrite

'.d3 Na2S04 'nl.enardite
2255.dO Na2COJ .H20 'nl.ermonlltrite CRCp B-181 185
2140.dO NIlJH(COJ)2.2H20 Trona CRC p 8-181 185

1715.dO N1l28407.10H20 Borax CRC p 8-1Bl 185

'.d3 B(OH/J Borix Acid Solid
2.d3 KB50B. "'H2O K-Pentaboraee DO C)

2.d3 K2B4007 _4H20 K-Tetraborllte DO C}
, .d3 NaB02.4H20 SodiUIII Heeaborllte

'.d3 NllB50B _5H20 Sodium Peneaborate

'.d3 NaB02.NaCl.2H20 Teepleite (20 Cl

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 afthe

-



.-..

FMT. Version 2.0
User's Manual. Version 1.00

Appendix K: Listing of HMW_NP_AM.RHOMIN and References Cited in Listing

WPO # 28119
November 17. 1995

Pa.e 143

-

Fourth International Conference on the Chemistry and Migration Behaviour ofActinides and
Fission Products in the Geosphere. Special Issue of Radiochimica Acta. R. Oldenbourg
Verlag: MUnchen, Germany.

Weast, R.C. 1980. CRC Handbook of Chemistry and Physics 60th ed. Chemical Rubber
Publishing Company, Boca Raton, Florida.
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'.

Np020M ( aqed I l.'p020tH .qedl
.; H';>02OHIMItDrI Np02QflUOO:)

No.NpO.2COJ (, I NaNp02C03\s 1
N&JNp021C0312IsJ_DlSABLED_DISItBLrn
AII(lHC'O) I e' I 1IaIOft:OJ Ie)
A=(OKI)ISI kIl1OH))lsl
N&AmlC0312 6H20Ic:!
~lcl ~lcl

CaSO' Anhyd:ite
,;: MaIO IS0412_Aphthitalite/Gluerite

Cael:!. 6100 An~ctic:it'"

C.co) Ara90rUte
., K2S04 Arca.'1ite

MQCll.6fOO Biscbohte
X42Ko1.$04124K20 8..1oedite

'. H9IOH)] BrY:;ite
No6CO) 1$0'12 Bu::keit.e

.••. caCOJ calcite
CaCll.4K20 CaC12_Tet.rahydrite

;:~. c.4Cl:2 (OHio .1JIQO_CaOXychlori.de '"
.. ~ C.2C12IOHI2.K20__C.OXyC:hloride B
~d 1Q'tl;C13.'H20 carnallite
~f ptgSO,f,. ,H2O ~SCIII.it'"

"t~ CaNa2IC0312.~H20 Gaylussit'"
N42C.1 S0412 Glauberi te
CllS04 .2Y.20 GypSUll\

; \. 1O.C1 Halite;
"." H;S04 .6100 Hex.I1nydrite
:! lQtqC1SO".3H20 Kainite
.; JCHC03 Kalic:inite

I1OS04.H20 Kieseritil!
:~.: X2HqIS0412.4}OO Leonittt
:. »..4Ca r5041 J .2H20 Labile_Sal~

'." HgCOJ Magnesite
:.:. H9~Cl(OHlJ .4H20 MgOXychloride

nlS04 Mercallite
;.) I Na2S04.10100 Hirabilite
.~" KSH61S041'7 Kisenite

NaHCO) Nahcolittt
.. ;; Na2C03.t01Gl0 Natron,

HgCOJ .JH20 Nesquehonittt
KlH; / $0412. 6K20 Picx:anerite/SC:hoeI:l

.;:; N.a2Ca/C0312.2JG!o l'irssonite
!.'} 1Q.K9C.a2ISO-t)4. 2H20 Polybaliu,

c; Calotl)2 Portl.andite
.;;(; K2COJ. JI2100_PotallsiUlf\...Ce.rbcmat.e
~.i )(.SM4 (COJI6 .JK20_K~sequ.iclU:bonIJ,U,

:.: KNaCOJ. 6H2O It-NIIo-carbonat.e
:. ~ K2N.aH (COJ) 2. 2H:20_ltoeJlssiUlll_Tror04
.:~ IOKlS0412_SesqJ.ipotassiUCl_SUltllot.e
,,". Na3H ($Of 12__5esquisod.iuct...S\ll fate
!' t: HIIo2CO)."K20~CQ]-He;>t~ate
,t· KCl Sylvite
::"' !\2CalSQ412.K20 Syngenite

11g2CaC16, 12JQO Tac:hyhytb:i te

::50 N&2SOt Thenardite
'-~, Na2CO] ,H2O 'ft!.en:>on&trite
,. Na)K (CO) I ~ . 2H20 T:'onll.
f; N,,2&<:0'7.l0K20 Borax
~. .? B IOffI J Bo:d.~_A,(:id Solid
~:: Q'-08,4K20~-Pentabor.te_(30_Cl

.;.: J:,2B407.4K20_J(-Tl!itnbclrate_IJO_Cl
::~ NaS02. 4K20 SodilltlLMet.lloborate
(!: NaJl5Ofl. 5K20__Sodi\Jll\...Pentaborate
(; NaB02.NaCl.2K20_~1e.ite_{20_C)

2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.0ooCOOOOOOO
2COO.000000(l0000
2000.00000000000
2000.00000000000
2'80.00000000000
2000.00000000000
2000.00000000000
2""0.00000000000
2663.00000000000
2000.00000000000
2250.00000000000
2390.00000000000
2000.00000000000
2828.00000000000
2000 .00000000000
2000.00000000000
2000.00000000000
1602. 00000000000
1677 .00000000000
1"1.00000000000
2800.00000000000
2335.00000000000
2165.00000000000
2000.00000000000
2150.00000000000
2000.00000000000
2571.00000000000
2000.00000000000
2000. 00000000000
3210.00000000000
2000.00000000000
2000.00000000000
1490.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000
n90.000oo000000
2000.00000000000
2000.00000000000
2000.00000000000
2255.00000000000
2140.00000000000
1715.00000000000
2000.00000000000
2000. 00000000000
2000.00000000000
2000.00000000000
2000.00000000000
2000.00000000000

~~\(,>:. {'~"\. ;
, "" .... /,

,.-

-"
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See Table 26 for explanation of this listing.

IN'PU'! filr na:ne is t.rl: [SC'SA!lB. F!fI'. USERGUrOE] aATOf_tOC. PI; 1
;.. DQ.lE.$S !ile naae is U1; 1SC8ABB.nrr.t1SERGUn)E]BA'tOl'_OOC.DQ1E$S:l

WT1'VT' !ile nA1BI! is U1: [sc:auB.iY.I'.USDGUUl£JaATCf_DOC,Ot1T:l
.:. omm."T file naaI! is U1: {scaABB.nrr,USDtGUIDE]fY.T_H!'II·U'.?ft,OQHD,1,.T;l

Tc2I\Xrat.ure 15 Hard. Coded as 2!18.15K
[.f'tl.TrntAT!:JaATOLr:xx::.in; to ill\lStr.te/~t '8A'1'Ol'0 runs PH!' V2.0
~1'UA.S£: MHWUJ"""86; Np{Vl-Na-COJ-(lH-Cl-Clot (NR!if,);

'5.01.31 AlIlC:III1-Na-Cl-COJ-S04-P04 (FRSRe,. FlU"o. P91 RTFM2. JtFF14. RAF!'94 )
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...................................................................................................................................
••. • .. EOtO PkDJT OF °CHDa:l.\T" ~~ BE HERE •••

5l:£ APPnroIX ;,..............................................................._ _ - .
,", ·SOl.lmILlTY' PRO:XltT VlOlATIW···· •••••••••

-:~ •• HQ'IOH12 9Neite·· 1.00&+01·'

·i'
.,. ••• .... ·······SOLUBILlT'i PItO[.UCT VlOtATIOfiI·············

•• Hg2CllOHIL4H20 HgOxyehloride" G.6!J£.OO··

~.~ ::l: Solubility Produet Violatiol'l.$
/.~ l'.dding :Jolid H9 (CHI:2 l'Jr\lCiu
.'." t inveuioN for batch pb11l'l 8~

h' 1 [.FP.TI'l'RATEl!ATOCOOC.in; to illustrate/doc=lent 08A'I"O!0 ruru nn V2.0
.. DAT~, )l)lW84/FW8G; Np(Vl-NIl-C03-oH-CI-Cl04 lmUl:

!J~.01. 31 AznCIIIl-N.-Cl-C03 -S04-P04 (FRSR89. 'P'Jl.T90. 1'91. RTFU2 .RTF94 . 1UlF!'94 1
; (, PTe:J$ureR 1,00000&+00 [:oj A'I'M 1'elnpe:rature- 2. '8£+02 [RJ Kelvin

!letllentAl ~c:e~ for Flash Problem

':'. Usinq Nilel Density Correlation
...-

....f

(. ,

-.'

Total Moles

1.10222364£+02
5.5H54821f:+Ol
2.00000000£-01
1 . 00000000£-02
1.00000000£-03
1.000000001:-04
1.10000000£-01
1.00000000£-03
1.00000000£-04
0.00000000£..00
0.00000000&+00
O.OOOOQQOOE..QO
1.000(1)000E-07
O.ooOOOOOOE+oo
O.OOOOOOOOE.QO
0.00000000£...00
0.00000000£+00
O.OOOOOOOOE... OO
O.OOOOOOOOE+OO
0.00000000£+00
0.00000000£+00
0.00000000£+00
4.90605392£-1'

Aq. Molality

1.11116160£+02
~. 56118135&+01
2.01625464£-01
1.00812732£-02
4.64673729£-08
1..00812732£-04
1.10894005£-01
1.00812732£-03
1.008127321:-04
0.00000000£+00
0.00000000£...00
O.OOOOOOOOE.oo
1.00812732E-07
0.00000000£+00
0.00000000£..00
O.OOOOOOIXl£.OO

C.OOOOooOO£"OO
0.00000000£.00
0.00000000£+00
0.00000000£... 00
0.00000000£+00
O.OOOOOOOOE"OO
4.94592698E-l'

1 10"40861:...02
5 54~06206£.01

2: 01041045E-Ol
1 0052052JE-02
4 63326856£-08
1 0052052JE-04
1 105725751:·01
1.00520523£-03
1.00520523£-04
0.00000000£.00
0.00000000£+00
O.OOOOOOOO~OO
1.00520523£-07
0.00000000&·00
0.00000000£.00
0.00000000£·00
O.OOOOOOOOE·OO
0.00000000£·00
0.000000001:.00
0.00000000£·00
O.OI;lOOOOOOE.OO
O.OI;lOOOOQOI:·OO
"'.93159103£-11

Aq. IIlCf/liter

1.11669J"~.05 Hydroqen
8.871'6659E 05 O:xyqen
4.62188739£ 0) SodiUCI
J .93C1815S£ 02 Poea:JsiUlll
1.12611592E-03 HatplesiWll
4.0288625t!+00 Ce.lciUll\
J.92012950E.03 Chlorine
J .2226e"S£.Ol Sulfur
1.20135200£.00 Carbon
0.00000000£"00 Poslon
0.00000000£..00 »eglon
0.00000000£..00 Air
1.0e662&8SE-Ol Boron
0.00000000[...00 8rc:eine
O.OOOOOOOOE.OO TracerEl
0.000000001:+00 TI::lIIVI
0.00000000£..00 AmIIIII
o .OOOOOOOOE.OO CIVIl
0.000000001..00 JQlV)
0.00000000£.00 CI04- (ELI
0.00000000£..00 Phosphorus
0.00000000£+00 Electron
0.00000000£..00 Charqe

t:;
( r

SOlution. Par_ters. Calculated
SOurrI~ KASS 1002.5"76105542
H2O KASS 991. 938201296740
-roSlg/!tQl 10.74820961513917

Speciti~ Solutio.... Density
OENSIn' 100'.81851904202

SOlution Par.-tees Based on Specified DeMiry
.sou.rt'ION VOL 0.994821'28428285 l.icen
ros 10.7170555829388 9/1

·i. ~i'ty based on TDS and NaCl solutions 1007.U85190ol202 9/1
Ptreent rltlative error vs NaCl density O.OOOOOOOOOOOOOOOE.OOO'

Kolillity Activity Act Coef mg/litltl:' Descriptor

",0
N••

WATE>N.· 924114&-01 9.93023£-01 1.001
01625£-01 1.410eS£"01 0.7295

50612E.01 5 ~3478£...01
OOOOOE-Ol 2 01041£·01

9'7101£.05
.62189£..03
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Water "molality" is llV:I1e fraction H2O in aQUeous phase
Gas "molality" and "activity" art!: gas partial pres~ures

"Dl!:scriptor" means,

Cl- Cl-
~- ~-

K+ K..

504* 504"
H9(OH12 ~ Brucite

Ca..." Ca....
COla COla
810014- B(QH14-
C",C03 (aqJ CaCO) la'l)

i.;: HCOJ- HC03-
MqOH+ MIlOH...

.;,' Mg"'''' Mg ...
CaBfOH) 4... CaB (OHl h
~03(aQ) M9CQ3(aq)
B{OH))(llq) aIOH)3(aql

<':- fl.. H+

-'\. ~\

j
,:. pff-';

_ ....~ .. -... ,

1 10894£-01 7 98916£-02 0 7204 1.10000£-01 1 10573£-01 l .92013£+0), 87965E-02 , 13753.1>-02 0 7224 !i.8000lE-02 , 85102£-()2 1 67539£+OJ
1 00813£-02 , .34149£-03 0 7282 1.00000E-02 00521£-0~ l .93018£.0:2
1 00813£-03 1 .24998£-04 0.2232 1.00000£-03 1.00521£-03 , 65576£+01
1 00808£-03 1 00000£+00 1.000 9.99954£-04 1.00516£-03 5. B6205£+Ol
1. 00115£-04 2 00966£-05 0.2007 9.93083£-05 9.98252E-05 , 00099£+00
1.00005£-04 2 44915~-05 0.2449 9.91991E-05 9.97155£-05 5 98385£+00
1.00709£-07 6 61270£-08 0.6566 9.98971"E-08 1.00417E-07 , _91680E-03
6.97236£-07 6 97236£-07 1.000 6.91615£-07 6.95215£-07 , 95835£-02 , 36£-10
1.10094£-07 , 49923£-08 0.6812 1.09206£-01 1.09775£-07 6 69615£-03 1 60£-10
3.54268£-08 2 .81647£-08 0.7950 3.51412£-08 3.53241£-06 , 45932£-03 -, 47£-07
1.09873£-08 2 .56221£-09 0.2332 1.08988£-08 1.09555£-0$ 2.6627JE-0'l. 2 36£-10
8.72370£-11 5 .9'l.047E-11 0.6810 8.65331£-11 8.69841£-11 1.03441£-05 J .87E-11
5.32206£-11 5 32206£-11 1.000 5.27915£-21 5.30663£-1l 4.47424£-06 3.15E-I0
1.65411£-11 1 61858£-11 0.9785 1.64017£-11 1.64931E-21 1.01980£-06 1.62£-10
1.93212£-13 1 402D1£-lJ 0.7255 1.91654£-13 1.92652£-13 94173£-10 1.36£-10
2.21142£-14 , 30277£-14 1.041 2.19360£-14 2.20501£-14 , 70422£-10 3.16£-10
6.18470£-15 4 24905£-15 0.6870 6.13484E-15 6.16677£-15 6 36066£-10 2.98E-10
4.06799E-15 J .00314E-15 0.7382 4.03519£-15 ~. 05620£-1$ J 93717E-10 2.03£-10
0.00000£+00 1 OOOOOE+OO 1.000 O.OOOOOE+OO 0.00000£+00 0 00000£+00 -1.27£+01
0.00000£+00 1 00000£+00 1.000 0.00000£+00 0.00000£+00 0 OOOOOE+OO -1.09£+02
0.00000£.00 1 00000£+00 1.000 0.00000£+00 0.00000£+00 0 00000£.00 ~3. 56£+01
0.00000£"00 1 00000£·00 1.000 0.00000£..00 0.00000£+00 0 00000£.00 -4. 7ge..01
0.00000£·00 1 00000£+00 1.000 0.00000£·00 0.00000£+00 0 00000£+00 -1.08E.01
0.00000£·00 , _00000£+00 1.000 0.00000£+00 0.00000£+00 0 00000£+00 -3.16E.Ol
O.OOOOOE... OO 1 OOOOOE+OO 1.000 O.OOOOOE+OO O.OOOOOE+OO 0 00000£+00 -1.32E+Ol
O.OOOOOE·OO 1 00000£+00 1. 000 O.OOOOOE+OO 0.00000£+00 0 .00000£+00 -6.76£.. 00
O.OOOOOE... OO 1 00000£+00 1. 000 0.00000£·00 0.00000£+00 0 00000£+00 -5.03£+00
0.00000£+00 1 00000£+00 1. 000 O.OOOOOE+OO 0.00000£+00 0 00000£+00 -4.59£+01
0.00000£...00 1 00000£..00 1.000 0.00000£+00 0.00000£+00 O. OOOOOE+OO -8. 82e..OO
0.00000£"00 1 00000£+00 1.000 0.00000£+00 0.00000£+00 0 OOOOOE+OO -4.13E+00
0.00000£.00 1.00000£+00 1.000 0.00000£.. 00 O.OOOOOE+OO 0 00000£+00 -5.84£+00
0.00000£... 00 1.00000£...00 1.000 0.00000£+00 0.00000£+00 0 00000£+00 -2.18£+01
0.00000£"00 1.00000E..00 1,000 O.OOOOOE+OO 0.00000£+00 0 00000£+00 -2.30£+01
O.OOOOOE... OO 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0 00000£+00 -1.81E+01
0.00000£"00 1.00000£.. 00 1.000 0.00000£+00 0.00000£+00 0 00000£+00 -7.48E+00
0.00000£+00 1.00000£"00 1.000 0.00000£+00 0.00000£..00 0 OOOOOE+OO -1.19£+01
0.00000£"'00 1.00000£+00 1.000 0.00000£..00 0.00000£+00 0 OOOOOE+OO -1.80£+00
0.00000£...00 1.00000£"'00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -2.31E+Ol
0.00000£"'00 1.00000£...00 1.000 0.00000£.. 00 0.00000£+00 O.OOOOOE+OO -6.35£+00
O.OOOOOE.. OO 1.00000E+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.5B£+01
0.00000£.. 00 1.00000£"'00 1.000 O.OOOOOE+OO O.OOOOOE+OO 0.00000£+00 -8.04£+00
0.00000£..00 1.00000£... 00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -5.48£+00
0.00000£+00 1.00000E+00 1.000 0.000[10£+00 0.00000£+00 0.00000£+00 -7.S5E"00
0.00000£+00 1.00000£"'00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£.00 -8.35E+00
0_00000£..00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -4.12E+00
0.00000£+00 1.00000£..00 1.000 0.00000£+00 O.OOOOOE+OO O.OOOOOE+OO -1.72E+01
0.00000£..00 1.00000£.. 00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -5.77£+00
O.OOOOOE+OO 1.00000£... 00 1.000 O.OOOOOE+OO O.OOOOOE+OO 0.00000£+00 -5.37£+00
O.OOOOOE+OO 1.00000E+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -1.33£+01
0.00000£..00 1.00000E+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.62£.01
0.00000£+00 1.00000£...00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.21£+01
0.00000£...00 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 O.OOOOOE.OO -9.54£+00
0.00000£+00 1.00000£...00 1.000 0.00000£+00 O.OOOOOE+OO O.OOOOOE+OO -1.53£+01
0.00000£"'00 1.00000£+00 1.000 0.00000£.00 0.00000£..00 0.00000£+00 -1.06£+01
0.00000£+00 1.00000E+00 1.000 0.00000£+00 O.ooOOOE+OO 0.00000£+00 -3.50£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00 -3.77£+00
0.00000£+00 1.00000£... 00 1.000 0.00000£+00 0.00000£+00 O,OOOOOE+OO -8.41£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO -6.18£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO -1.04E+Ol
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.84£+01
O.OOOOOE.. OO 1.00000£+00 1.000 O.OOOOOE+OO O.OOOOOE+OO 0.00000£+00 -1.24£...01
0.00000£+00 1.00000E+00 1.000 0.00000£.+00 0.00000£+00 0.00000£+00 -1.26£+01
O.OOOOOE+OO 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -9.02E-Ol
O.OOOOOE+OO 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.61£+01
0.00000£+00 1.00000£+00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00 -1.52£·01
0.00000£+00 1.00000E+00 1. 000 0.00000£+00 0.00000£+00 0.00000£+00 -1.53£+01
0.00000£+00 1.00000E+00 1.000 0.00000£.00 0.00000£+00 0.00000£+00 -6. 14E+OO
O.OOOOOE+OO 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -1.09£+00
O.OOOOOE+OO 1.00000£+00 1.000 0.00000£+00 0.00000£·00 O.OOOOOE+OO -1.11£+01
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -1.07£+01
0.00000£+00 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -J.98£+00
0.00000£+00 1.00000E+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -1.15£+01
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -4.78E+Ol
O.OOOOOE+OO 0.00000£+00 1.000 O.OOOOOE+OO O.OOOOOE+OO 0.00000£+00 -2.93£+02
O.OOOOOE+OO 0.00000£+00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00 -2.54£+02
0.00000£+00 0.00000£+00 0.1519 0.00000£+00 0.00000£..00 0.00000£+00 -3.36£+01
0.00000£..00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00 -6.18£.01
0.00000£+00 0.00000£+00 0.5412 O.OOOOOE+OO 0.00000£+00 0.00000£+00 -2.70£+01

12.7140
12.8532

o 919612
99 302J1J

0.213115
1007.82

~,' C021aq) C0:2I11q)
MgB(OH)4+ MgB(OH)4+

HS04- KS04-
Ca4C12 (OH) I;: •13H20_CaOXychloric1e .A
K8H6(S04)"1 Histmit~

K2B407 . 4H20_K-Tetraborate_ (JO_C)
KBS08. 4I{20__K-Pentaborate_1 30_CI

A.' BIOH)] '8orix.-Atid Solid
Na2B407.10K20 Borax
NaJHlCOJ)2.2H2Q Trona
Na2COJ ,H2O Thenx>natrite
Na2S04 'n1enardi te
Hg2CaC16 .12H20 TllChyhydri te

K2CaIS0412.H20 synge-nite
Kel Sylvitl!!
NIl2C03.7H20__NIl2C03-Heptahydrate
Na3H (S04) 2__SesquisodiUll\_Sulfate
K3H (S04) 2_sesquipotassiUll\_Sulfll.te
K2NaH lC03) 2. 2H20_"PotasS:LImLTrOnb.
liNaC03.6H2:0 K-Na-Cubonate
]Qe03 . 3/2li20_Potas.sit:IIL~.!I.rl:x:>:ulte
Ca(OH)2 POl:t1anditl1;
K2HqCa2 (S04) 4. 2H20 po1yha1itl1;
Na2Ca (C0312 .2H20 pirssoni tl1;

'~, K2Hq(S04)2.6H20 Picl:"omerite/Schoen
HQ'C03.3H20 NesQUt!:honitl:
Na2COJ .10H2:0 Natroll

_"_) NaHCOJ tJ.-hcol.i te
NaB02.4H20 SoC1iWtljletaborate
Na2S04.10H2:0 Mirabilite
!aiS04 HlI!rcallite
Mg2Cl (OM)3. 4H20 MgOxychloricle
MqC03 ~'Plesi1:e

",;. Na4Ca (SO'll J . 2H20 Labile_Sal t
X2HgIS04)2.4H20 Lronite
MQ'S04.H20 Itieserite
KHCOJ Ka1icini te
!QigC1S04.JH20 Kainite
HqS04.6H20 Hu<ahydrite

__ , NaCl Halite

CaS04.2H20 Gypsum
Na2CiIl{S04)2 Glaubl!:rite
CaNa2 (COJ 12. 5H20 Gayll,lssi te
MQ'S04.7H20 Epsomite
KMgC13.6H20 Carnallite
Ca2C12 (OM)2 .H20__CaOxyeh1oride 9
CaC12.4H20 CaC12_Tetrahydrite
CaCO) Calcite
Ha6C03 (SOt) 2 Burkei te
Na2Mg(S04)2.4H20 Bloedite
HgC12.6H20 Bischofite
K2S04 Areanite
CaCOJ Aragoni te
CaC12.6H20 ,t,ntarcticitl'!
NaKJ (504 )2_Aphthita1iteJG1asl'!rite

-[.. CaS04 Anhydrite
HaBe2 .NaCl. 2H20_Tee;:>leite_ (20_C)

',-) NaB50B, 5H20__Sodium_~taborate

NaOHiaql. . . to. tJ.trate.l:Iase.on1y
HCllaq). . ... to.tJ.trate.acid.on1y
B405(OH)4" M0510Hlh
KBH4 (COJ) 6. JH20_K-Sequicarbonate
B)03 lOH) 4- BJ03 (OH14-

pmI-l " -1og[m(H.. l]
'::~ pH '" -log-la(H+)]

___ Osmotic cOl!:fficient"
t .•' Equilibrium RH (\)

;,,"" Ionie Strenqth (m)

Doo<nsity. kg/1tI3

....•
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Appendix M: Sample Output File "BATCH_DOC.OUT'

°dG/R't"/lnlO (ot spec:;''l's yitb nonzero cones. (converven.ce critoez:ionl
°s.tl,ltat.ior'! Index for mncra.ls, st_loglO(!AP/JU;pl
°log10lactivityl for aq'l.lee-u species "it.h Yen' sm.ll concentrations
°log10CPU-tial pressure) (or 9_"'.

WPO # 2St 19
November 17, 1995

Paee 147

Total DilIlgonal Inver$ions 85
TI:l'tal 5t:oJ.chiOll'etric ReopeiJlt.i::,aeions 10
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Appendix N: Sample Output File "Np_NaCCBM_LOG.OUT"

See Table 27 for explanation of this listing.

WPO#28119
November 17. 1995

Paee 148

-.,

D-"PIJT fi le na.e is U.l, ISCBABB. fY.r •USEJlGlnD£] NP_~8l'LLOG. D:; 1
INGUESS file ~ is U1: Ise».B!l.I¥.r. USERQ17D£J)''J>_N;\CL_BK_LOO.lNG'.JESS: 1
OUTPI1I' file namr is U1: [SClABII.ntt .USI:RCUUl£lP",._!Do.Cl._~_I.OC.CO't;1
~T file n.- is Ul,[~.FY.r.uSE:RCtnDElFKT~Jn'_P.K.~T;l

T~r.cu.re is Kard. Coded. as 2" .15K
8eneh=ar1t TITRAT:E Problem. LOO10 option: HplVI02 with CO) = S.6lJnol.l IMel f'KT V2.0
MTABASE: H!6o"i&lFW5' , Hp(V)-Na-COl-Ql-Cl-Cl04 (NRJ.);

'5.01.Jl A:!III IIi -N,,-Cl-C01-SCW-P04 1f1l.SK89. F1tF90. P91, U1"R3I2. RFU4.1Ul.P".1

............................................................................................................................................................................
• :- .... ECHO pft]:NI' OF "CKDmA7" FILE WCXJLtI BE HERE ....

SEt APPDroIX J
................................................. * ••••••••• * ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

TITRATION ~bl_:

_I AuiQ'ni..rt'1 all deha,(yl to 0.1 III

-I Sltttino • of nodes in Y-di:rectiO!) to
-I s.ttir.g ~v.....'""T'IVl: Porcsicy to 0.0

L:

<.:'.: RHOK1N file nAII'll! is U1:rSCBAB!l.FlfT.US'ERGUIDE]FM'r_HHW_NPj.!'l.RHOHIN;1

.............................................................. '.' .
••• TABLE OF' KINEJt.U. Ol:NSI'rtES. XC/H-) WOlIU' BE HERE •••

SEE. APPDroIX L...••.................•...................•.....•........................•.......................•••.......... ~ .•...•..............
'.- GRID 8LOCX~. in lit.ers

1.00E'-00 1.00E.00 00£.00 1.00E.00 1.00£.00 1.001:·00 1.00£.-00 1.00';'-00 1.00£.00 1.00£.-00 1.00E'-00
,:- 1.00£.-00 1.00£.00
. ,
!': 1. 00£.00 1.00E_00 1.00E_00 1. 00';_00 1.00£.-00 1. OOE.OO 1. 00£.00 1.00E'-00 1.00£.-00 1. 00£+00 1. 00£. 00 1. 00£.-00 1. OOt.OO
!: 1.00E'-00 1.00£+00

1.00&<000 1.00£.00 1.00£'-00 1.00£·00 1.00£".00 1.00£.00 1.00t.:.00 1.00£.00 1.00£.00 1.00E'-00 1.00£.00 1.00£.00 1..00!.OO
.:.: 1.00£.-00 1-00£.00

• inversions for batch pblJll 50
." 1Bcnchmark TJ:TRATE Prob11111l\. LOGIO option: Np{Vlo2 with C03 in 5.6llro1al HoCl nrr V2.0

MT.ABASE: HMWS4/TW86; N'p(Vl-Na-C03-0H-Cl-Clo4 (NR941;
..;.~ 95.01.31 Am(:IH1-Na-CI-CO)-sQ4-1'04 (rRSR89.FRF90.P91 RFFR92.RFF94.RR17941
::'.: PTessure: 1.00000£.00 1"'1 ATM 'I"e:q)el:atun_ 2.98£.-02 ["'1 ){elvin

-

:£1f:11'l(Snt.l A!:JI,mdane.,s lor FlllSh Problem
'5~

~-: Tot-al Kales Aq. Kol.Ucy ",. Hola:rit'Y Aq. lIlli/lit.er

--:-.:, 1.11017363£-02 1.110~9658£"()2 1.001003H£.-02 1.00Ull07£.05 Hydr09=
6.15086815£..()1 6.15154934£.(11 5.54601388£.-01 8.87328944£'-05 OX>9=

50': 5.61000000£.-00 5.61062129£...00 5.05833276£+00 1.162U907£.-05 Socl.iUla
''', 0.00000000£-00 0.00000000£.-00 0.00000000£-00 0.00000000£.-00 Pot-.ssiUlll
(0 0.00000000£·00 O.OOOOOOOOE.OO 0.00000000£.(10 0.00000000£..00 XoafJftesiUIII
f 0.00000000£·00 O.OOOOOOOOE.OO 0.00000000£.00 0.00000000£"00 c.ld,.
f.; 1.61000000E.00 1.61017830E.-00 1.45167838£·00 S .1460538£.04 Chlorine
c:; 0.00000000£.00 O.OOOOOOOOE.-OO 0.00000000£·00 0.00000000£+00 Sult:ur
';.: 2.00000001£..00 2. 00022150£..00 1.80332719£'-00 2.16S97629E.-04 Carbon

" 0.00000000£.-00 0.00000000£.00 0.00000000£.-00 0.00000000£.00 PosIcn,.
0.00000000£·00 0.000000002.00 0.000000002'-00 0.000000002.-00 NeqIon

f: 0.00000000£.-00 O.OOOOOOOOE'-OO 0.00000000£.00 0.00000000£:'-00 Ai,
f ~' 0.00000000£...00 0.00000000£.00 O.OOOOOOOOE.OO 0.00000000£.-00 Boron.,,. 0.000000002.00 O.OOl;lOOOOO£.-OO 0.00000000£.00 0.00000000£.-00 BrOll\ine

-- 0.00000000£..00 0.00000000£.00 0.00000000£·00 0.00000000£_00 Trae.r£l";, 0.00000000£:.00 0.00000000£.00 0.00000000£.00 0.00000000£_00 ThiN)
.,. 0.00000000£+00 0.00000000£.00 0.00000000£...00 0.00000000£.00 AlaII1.Il

0.00000000£·00 0.00000000£..00 O.oOooOOOOE-OO 0.00000000£"00 UIV!I
0.00000000£·00 0.00000000£.(10 O.OOooOOOOE'-OO 0.00000000£"00 N:lIVI
0.00000000£.-00 0.00000000£.00 0.00000000£'*"00 0.00000000£_00 C1OC- (ELI
0.00000000£·00 0.00000000£.-00 0.00000000£-00 0.00000000£.-00 Phosphol'll.S
0.00000000£-00 0.00000000£.-00 0.00000000£.-00 0.00000000£.-00 £l«tron

-2.220U605E-15 -2.22069196£-1 S -):. 00~09SJ6£-lS 0.00000000£_00 0»%9-

SOlution par_tel"s. C.leu1ated

-- SOrnrtCl" MASS 1306.0703J909890 ""-1120 K>SS 999.889265717486 ""-
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'I'DS19/kq} 306.2U9818'71726 ~/kgK20

Specified $elution Density
DDOSIT'I 1177 .6360U)9J02

(~. SClution Pa't_ters &aed, on ~d.fied ~ity

SOU11'ION VOL 1.10906108219560 liters
TDS 276.072326670473 gil

Density based on 'ttlS oV'd HaCl SQlutions 1177 .636074nJ02 qJl
hn~e:nt rehtive error vs HaCl 6e."lSity 0.000000000000000£.000 ,

H70 WATU
He. N",.
CO). CO)_
Cl- Cl-
HCQl- HCOJ-
Ott- OH-
C02laqJ C02laql

-.'. )I. )I.

~~~~~~~ J 2 2~~'-0-",C>C«-.C'-'-'-'-O"'id~:~
NaOHlaql. . .to titrate.bllse.only

NaCIL~:::;;:;::=::::;;::;:::n;oHalite
~J NAbcolite
~2COJ 7H20__u..2'COJ·Heptal:ydr.tc
~2C03 H2O nw..,,""mOnatriu
~2COJ lOiGO NatIon

SPecies N;uroe

PtlH. -loglmIM·')
pli • -109I_I*") J
Oall'lOtie Coefficient
EQ\lilibriUDI A.K ('I

•. c. Ionic: Strength (lI'Il
.~.~; Den.sity, kg/II)

11.7497
0.908418
8~.984284

"1.604695
1177.64

Molality Aetivity Aet Coef Total Holes HQlarity mg/liter

8.5"7464£-01 , 59843£-01 1.003 5.55025E.. 01 5 00446£..01 9.01564£.05
5.61062£.. 00 J . 69au£.. oo 0.6593 5.61000E"00 5 05833E-o-OO 1.16290£,,05
1. ,,407E..00 • 0'2::.4£-02 2.0522£-02 1."J8n-oO 1 79n8E~OD 1.07881£,,05
1.61018£..00 1.064077£.. 00 0.6613 1.61000£..00 1 451611£..00 5.1(,664£.04
6.1473(£-03 1.59044£-03 0.2587 6.14666£-03 5 5"~22£_03 ).38170£.. 02
6.147))£-0) 4 .8UOlE-03 0.7921 6. UU5E-D) 5 54221E-0) 9.42580£.01
2.36876E-09 7.15913£-09 3.022 2.36850E-09 J 13559£-09 9.39868£-05
2.3"54E-12 1.77959£-12 0.7416 2.39'27£-12 J 16))4£-12 2.1804)£-09
O.OOOOOE.OO 1.00000£.. 00 1.000 0.00000£..00 0 00000£.00 0.00000£·00
0.00000£..00 O.OOOOOE.OO 1. 000 0.00000£..00 0.00000£..00 O.OOOOOE.OO
0.00000£.. 00 O.OOOOOE_OO 1.000 0.00000£.00 0.00000£.00 0.00000£-00
0.00000£" 00 1.00000£.. 00 1.000 o.00000r...OO O. 00000£..00 0.00000£.. 00
0.00000£.00 1.000001':.. 00 1.000 0.00000£,,00 O.OOOOOE.OO O.OOOOOt·OO
0.00000£..00 1.00000£.00 J.OOO 0.00000£·00 0.00000£..00 0.00000£·00
0.00000£..00 1.00000£.. 00 1.000 0.00000£"00 0.00000£..00 0.00000£.00
0.00000£"00 1.00000£.. 00 1.000 0.00000£:"00 O.OOOOOE_OO 0.00000£-00

11.6199

Desc::iptor

J 00£-11
-2 12t-07-, 58£-08
-1 57£..00
-J 52£..02
-J 9:£_02
-9 75£-01
-1 .8)£.00
-2 5it-01-, .9!U:-01-, 30£-02

- lo'a.t<U "l"lCJ..Ury· is IllCle traction H2O in aqueous phase
Ga.s °lDOlaliryo land "ael:iviry" art '1I1S partiaJ. pressures
"o..=iptor" _ans:
-ct:;/R.T/lnlO tor species with :t:m:r.ero eones. lcor.ve:r;enee criterion)
"Slltl.lraticn 1n~ for minerals. Sl~log10lUP/K$p)

"laglO{activity} fOl:" aql.leou.s species with very slE\Il.ll concentrations
"log10(partial pressurel tor gases

Total GIRT-.

._. React.ion' 1 sldsu:l
:-!'- nus is a solid-only reaction

2.00000000000000

shHtin; le!t by 4.644)4,6544782:55
-,. calling 1Illlke.nvv for al1011lOtphic reections

t inversions for batch pl:Ila 75
'J, lBenehlniu"k T'I'tIlATE Prob1C1l. LQG10 option; NplVl02 wit.h C03 in 5.6l.mollll ».Cl

DATABASE, HHW84/F'W86; N'p(V)-Nll-C03-0H-Cl-C104 lNit94l;
95 .01.31 ~IIIIl-Na-C1-C03-S04-P04 (FRSR.89. FRF90. P91.RFFR92.RFF94. RRFF94 1

Pressure_ 1.00000£.00 1-) Ani: ~r&tun_ 2.98£.. 02 [ .. ) Kelvin

FHT \12.0

"total Holes Aq. Koh_Uty Aq. KOluity Aq. __Il-icer
'~.?

1.11018363£"02 1 11011591£_02 9.93838868£"01 1.00169020£-05 Hydro.."
1.05508682£..02 5 55113597£..01 ". 96942~89E_01 1.95078006£..0:5 ""Y9=

~ i:.<-: 1. S6100000£.. 01 5 61057382£_00 5.02263316£.00 1.154691812.05 SodiUlll
O.OOOOOOOOE_OO 0 00000000£.. 00 0.00000000£_00 0.00000000£_00 potassi\,I,VI

?:'.. 0.00000000£.. 00 0 00000000£_00 0.00000000£"'00 0.00000000£_00 MlIIqnesiUIII
O.OooOOOOOt_OO 0 00000000£_00 0.000000002:..00 0.00000000£.00 Calcium
S.61100000£.00 5 6109'098&.00 5.02291975£_00 1.780i910U;_05 Chlorine. 0.00000000£.. 00 0 00000000£_00 0.00000000£-00 0.00000000£..00 Sl.Ilfu:"

;:::: 1.00000000£.01 6.128)9261£-04 5.48618892t-04 6.58946152t_00 Corbco
'"c- 0.00000000£-00 c.oooaoooo£_OO 0.00000000£_00 0.00000000£..00 Poslon
,::~~ 0.00000000£_00 0.00000000£.. 00 0.00000000£.00 0.00000000£_00 Ne'ilIon
"';' ~ 0.00000000£.00 0.00000000£_00 0.00000000£_00 O.OOOOOOOOE_OO Ai.

0.000000001:_00 0.00000000£..00 0.00000000£...00 0.00000000£"'00 Boron
0.00000000£.. 00 0.00000000£.. 00 0.00000000£.00 0.00000000£-00 BrorIIine

'-'" 0.00000000£_00 0.00000000£_00 O.OOOOOOOOE"OO 0.00000000£"00 Tracer!:l,.,,' O.OOOOOOOOE..OO 0.00000000£.00 0.00000000£·00 0.00000000£"00 Th(IV)
:.~' O.OOOOOOOOE"'OO 0.00000000£..00 O.ODOOOOOO£"OO 0.000000001:"00 AlalIII)

.•.? 0.00000000£.. 00 0.00000000£.00 0.00000000£.00 0,00000000£.00 UlVI)
1.00000000£-01 6.12U9261£-04 5. 48611892E-0~ 1.JOO.t.912lE_02 Np(V)..::. 0.000000002_00 O.OOOOOOOOE_OO O.OOOOOOOOt.. OO 0.00000000£-00 C104-lDoI

~:- : 0.00000000£_00 0.00000000£_00 0.00000000£..00 0.00000000£...00 Phospho['1,ls
~? - 0.00000000£..00 O. 00000000£..00 0.00000000£:_00 0.00000000£.00 Electron.. -2.37316632£-15 -2.31314981£-15 -2.12446380£-15 0.00000000£.. 00 Charge
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Solution Par&:leters. Ca.lculated
SOLUTION~ 1328 . .1161(865142
H2O MASS 1000.00695t66819
1"0$ (9/k9) 328.106912108529

.';") Specified SOlution oensity
ODfSITV 118B.9325'6054077

~:-:4: SOlution Par_tel'S Based on Specified Density
."" SOLUTION VOL 1.11706602116201 liteu
~~••: Tt>S 293."'I24084.13(1B7 gIl

"') Density based on TDS an.:!. NaCl solutions 1188.'32540605t71 0'/1
~Z7 PerC:l!:l'It relative e=or V$ !'laC1 density 0.000000000000000£,,000 ,

<":."

4.26E-09
-1.99£-11
-4.3BE-OB
-1.62£-01

2.55E-OB
1.87£-07

-1.62£-07
:2 . .13£-07

-3.23£-07
-2.38£+00
-2.99£+02
-2.4.5£+02
-9.36£+02
-1.23£-01
-2.95£+00
-7.91£+00
-7.95£+00
-8.24E..00
-1.02£+01
-2.98£+00

Mol...Uty Activity AetCoef Total t".oles Molarity /f9/liter

8 31822£-01 ,
i79~9£-01 0.9352 5.55091£+01 • 96n8&o-Ol 8.95208£.05

9 "932£"'00 1.00000£.00 1.000 9.99939£..00 8 95147£.. 00 ) .15133£..06, 61.096£...00 5.29329E..00 0.94034 5.61100£+00 , 02298£·00 1.78080£.. 05
5.61057£"'00 5.29268&0-00 0.9433 5.61061£..00 , 02263£..00 1.15469£..05
6.12705£-04 1.21918£-03 1.991 6.12709£-04 , Ut99£-04 1.(75722...02
3.8610n-Ot 1.12115£-0) 2.90t J.86105£-04 ) t564]£-Ot 1.52117E...01
2.26571£-04 8. )88102-05 0.3702 2.26573E-0' , .02829£-Ot 1.23760:!.01
1.33526£-07 2.42971£-07 1..820 1.J1527£-07 1 195J.C£-07 J,9JJJ4£-02
1.21872£-06 4.1B095£-06 3.923 1.21813£-06 1 09101£-06 1.0U62l!:-03
3.09384£-08 8,03342£-10 :2 .5966£-02 3.09386£-08 , .76963£-08 1,6620JE-0)
3.01685£-0' 1. 6J"1E~09 0.5U5 3.01687:£-09 2. 70071E~09 4,59J18E-05
7.72186£-10 7. i2186E-I0 1.000 7.72191£-10 6.9126iE-I0 1.97740£-04
1.98384£-11 5.13354£-16 2.5817£-05 1.9B385£-11 1.77595£-11 6.90U02-06
2.04382£-16 6.10703£-17 0.298B :2.04383£-16 1.82964£-16 5.54494E_11
1.25197£-16 ~L818'6£-26 7.890B£-10 1.2519B£-16 1.12077£-16 5.03) 10£-11
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£"00
0.00000£+00 0.00000£.00 1.000 0.00000£.. 00 0.00000£"'-00 0.00000£..00
0.00000£.00 0.00000£,,00 1.000 0.00000£+00 0.00000£..00 0.00000£+00
0.00000&<-00 1.00000£..00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO
O.OOOOOE+OO 1. 000002"00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£..00
O.OOOOOE..OO 1.00000£..00 1.000 0.00000£..00 0.00000£+00 O.OOOOOE+OO
0.000002...00 1.00000£"00 1.000 0.00000£..00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£..00 0.00000£.00
0.00000£+00 1.00000£.. 00 1.000 0.00000£"00 0.00000£,,00 O.OOOOOE..OO
0.00000£..00 1.00000£.. 00 1.000 0.00000£.. 00 0.00000£.. 00 0.00000£.. 00
0.00000£+00 1.00000£..00 1.000 0.00000£..00 0.00000£.. 00 0.00000£+00

5.9141
5.3205

1.241871
71.195863

5.611188
1186.93

_ Waetr "molality" is :DOle fraction H2O in aqueous phase
_ c..s ·..,.b.liry' and "ac:-::ivi:;y- art gas PArtial pr.ssurts

'Descriptor" Deans,
·~/R'!'/lnl0 for species with nonl'e:"o COZ'.cs. fcon~rqll:nCe criterion)
·saturation. rndex for mir.eral.s. Sr_log10IIAP/K,Sp1
·loqlOlactivityl for aQ\lf!OuS spec:its with very #.&11 concentration.s
·loq10(partial pressure} for O'ases

"'~

.'.,.

~. ,.'

H2O WATER
No:.'p02C'OJ\s.) Na.11p02C03fsl
Cl- Cl-
N40'" N.,,"
Np02... !\'p02"
C02(aql C02(aql
"CO)- KC03-
~2C01- Np02COJ-

"... H+
C03. C03~

~- ~-

Np02OH(aQ) NpO:2OHlaq)
Np02 (CO) l2__ Np02 lC03) 2 .. -
Np02 (CHI2- NpO:2 (OH) 2-

:~ ,) np02(C03l3"-- Np02 lC031 3 .... -
Np02OH(aO'edl Np02OH(aqed)
NIIOH(aql ..... to titrate.J:.>ase.only
HCl (aQl . . . . . to. titrate .acid.only
Na3N'p02 rC03 12 lsl_DISAB1.£D_DlSABLED
NaCl Halite
NaHC03 Nahcolite
N.,,2CO).10H20 N~tron

N,,:zco3. 7K20~a:2C03-Heptahydrate
Na2CO) .H20 Thermon"'trite
Na)H(CO))2.2H20 Trona
Np02OH(amor) Np02OH(zunor)

1::' pPlH " ~lOQ'h,,(H"'ll

1;':~ pH ., -log(alH"I)
;:.:! OSlllOtic: coefficient
;"Z: tqI.Iilibdl,llr. RH (\I
~ :;.:~ Ionic StrenQd't. Iml
<=..!::" Density. kg/JaJ

... '.'

;::~: Total CO/fl"t- -1.3))2308t£+04
~-:!t' Flashing Titration. 1
';::,1 • inveuions for batCh pblm 11
2.;") 1.&enelmlillrk TI'TRATE ProJ:.>lel:l. u:x:ao option; Np(Vl02 with C03 in 5.61.:10141 SaCl FMT Vl.O
1~, o.-.TABA.SE: HMtr.'8t1FW86; Np\V)-Na-C03-oH-CI-CI0t 1KR94}:
::~.c. 95.01.31 MlUI}-Na-<::1-C03-S04-POt (FRSRS9. P'RNO. pn.ll.Fn92.1tJ'F94.RRFF9t)
Z<;:'; Pr.ssure.. 1.00000£.. 00 1-) A~ Teolperatur._ 2.,e~+02 (-I Xelvin
~<!c!

.GOo:: £lcwnta.l Abmdances for Flash Pro~lesn

... .;..)

:.:: Totlll Moles "". Kolality "". ~la.rity Aq. P'iJ/lit.er
:.~::.

::~~ J 8585'71'74£..01 , 1101759U:..02 9.93838868£+01 1 .00169020£+05 H~n
<:~:: J .6670'7638£+01 , 55113591£.01 4.9"t2389£.. 01 7.95078006£...05 O"Y9~

2" • 5.42$43623£+00 , 61057382£"00 5.02263316£..00 1.1S469181£...05 Socl.ium
'::'~:. O.OOOOOOOOE+OO 0 00000000£.00 0.000000001;;+00 O.OOOOOOOOE+OO Potassium
J ..;:~ O.OOOOOOOOE+OO 0 00000000£"00 O.OOOOOOOOE"OO 0.00000000£... 00 Kllgnesium
:.';;'. 0,00000000£..00 0 00000000£.00 0.00000000£_00 0.00000000£.. 00 Ca1ciWll
;:;;;' 1,95016801£.. 00 , 6109609B£..00 5.022979n&.. 00 1.78079102.£+05 Chlorine
<:~'f' O,OOOOOOOOE..OO 0 00000000£..00 0.00000000£.. 00 0.00000000£...00 Sulfur
;r.~'.' 3,4.1$61518£..00 6. 12839260£-04 5.48618892£-Ot 6.58946151E..00 Carbon
.E'I 0.00000000£..00 0 00000000£.. 00 O.OOOOOOOOE"'OO 0.00000000£..00 PosIon
.?;:':'- 0.00000000£..00 0 00000000£+00 0.00000000£..00 0.00000000£+00 NeqIon
:.':;:: 0.00000000£..00 0 00000000£+00 0.00000000£.00 0.00000000£...00 Ai<
;:G~ 0.00000000£+00 0 00000000£...00 0.00000000£"'00 0.00000000£..00 Boron
.:(,;1 0.00000000£..00 0 00000000£+00 O.OOOOOOOOE+OO 0.00000000£+00 Bromine
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;;:~ ~ 0.00000000£+00 0 OOOOOOOOE+OO 0 OOOOOOOOE+OO 00000000£+00 TracerEl
O.OOOOOOOOE+OO 0 00000000£+00 0 OOOOOOOOE+OO 00000000£+00 Th(IV}

-;-'::'~ 0.00000000£+00 0 OOOOOOOOE+OO 0 00000000£+00 0.00000000£+00 AmIIII)
0.00000000£+00 0 00000000£...00 0 00000000£+00 0.00000000£+00 UIV'I)

;::" ).47561518£... 00 , 12839260£-04 5 48618892£-04 1.30049121E+02 Np(V)

; t:~· 0.00000000£+00 0 OOOOOOOOE+OO 0 00000000£.00 0.00000000£+00 C104-(ELl

<'."<! 0.00000000£... 00 0 OOOOOOOOE+OO 0 00000000£+00 O.OOOOOOOOE+OO Pbosphorus
.;-;;; O.OOOOOOOOE+OO 0 00000000£+00 0 00000000£+00 O.OOOOOOOOE... OO Electron
'c" -6.94525850E-16 -1 99626754£-15 -1 78886601£·15 0.00000000£+00 Charge
...'<:
;..;.; solution P/U"ameters, Calculated

SOT.lJTION w..sS 461.602144251012 or~

;...';':: H2O MASS 347.563995068956 ,r~

TOS (g/k9) 328.10691210B175 9 /k9H20
"',

Specified Solution Density
DrnSIT'i 11BB.93254605459 Itg/lll A 3 s 9/1

;,."

WPO # 28119
November 17, 1995
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solution P~l:ra:neters Based on Specified
SOLtn'ION VOL 0.)BB24922B926241
TOS 293. 7240B4133903

Density
liters
g/l

Density based on TOS and NaCl solutions 11BB.93254605459 g/l
;,,,.' Percent relative error ""$ NaCl density 0.000000000000000£+000'

TABLE OF CONCENTRATIONS FOR BATCH SYSTDl

H2O WATER
~~2C03(Sl 'NaNp02C03~~~

Na+ Nil'"
:::<>:' Np02+ Np02+
:-.-'"'1 C02(aQ) CO2 (aQ)
.. ;; HC03- HC03-

H+ H+
..... Np02CO)- Np02CO)-
""'. C03- CO).,
.~ .... , OH- OH-

Np020Hlaq) Np02OH(aq)
,'.', Np02(C0312__ Np02lC0312=-

Np02 (OH)2- Np02 (OH)2-
"". Np02(C03))=__ Np02{C03) 3"'",-

HCl(aq). .to.titrllte.acid.only
Np020H(aged) Np020H(aged}
Np02OH(llllIOr) Np02OHlalllOr)
NaOH(aq) ....•. to.t.itrate.ba.se,only

;'~ Na3Np02 (C03) 2 (s) JlISABLED_DISABLED
.< Nael Rali te

NaHCO) ~ahcolite

Na2CO).l0}t20 Nat:t:"on
Na2CO). 7H20__Na2C03 -Heptahydrllte

"', Na2C03.H20 Thern.onaerite
NaJH(C0312.2K20 Trona

<d.; Species NllllIe

pmH - -log (Ill (H+) J
pH - -log[a(H+) I
OSlllOtic Coefficient
Equiliklrium RH (t)

Ionic Str~th (m)

Density, kg/mJ

5.3205
1.241B71

11.795863
5.61118B
U88.9)

Molall.ty Activity Act Cod Total MOles "oladty Ing/liter

8 31B22£-01 ""959£-01 0.9)52 1.92928£+01 4 96918£+01 95208£+05, 999:12£+00 00000£+00 1.000 3.47540£+00 , 95147£+00 .15133£+06
5 61096£...00 29329£+00 0.9434 1.95017£+00 5 0229B£+00 18080£+05
5 61057£+00 5.29268£+00 0.9433 1.95003£+00 5 02263£+00 15469£+05, 12705£-04 1.21978£-03 1.991 2.12954£-04 5 48499£-04 1.47572£+02
J 86103£-04 1.12115£-03 2.904 1.34196£-04 J 45643£-04 1.52111£+01, 26571£-04 8.38810£-05 0.3102 1.81481£-05 2 02829£-04 1.23760£+01
1 .21812£-06 4.18095£-06 3.923 4.23582£-01 1 0910U-06 1.09962£-03
1 33526£-01 2.42911£-07 1.820 4.64090£-08 1 19534£-01 3.93334£-02
J .09384£-08 8.03343£-10 2.5966£-02 1.01531£-08 , 16963E-08 1.66203£-03
J .01685£-09 1.63917£-09 0.5435 1.04855£-09 2 70071£-0~ 4.59318£-05
7 '72186£-10 7.12186£-10 1.000 2.68384£-10 , 91267E-I0 1.91740£-04
1 98384£-11 5.13355£-16 2.5877£-05 6.89511£-12 1 71595£-11 6.90960£-06
2.04.381£-16 6.10103E-17 0.2988 7.10356£-11 1 82964£-16 5.54494£-11
1.25191E-16 9.87897E-26 7.8908£-10 4.35139E-11 1 12077£-16 5.0331OE-11
O.OOOOOE+OO 0.00000£+00 1.000 0.00000£+00 0 OOOOOE+OO 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 0.00000£+00 1.000 0.00000£+00 0 OOOOOE+OO 0.00000£+00
0.000001;:+00 1.00000E+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
O.OOOOOE+OO 1.00000E+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1. 000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000E+00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00

5.9141

Descriptor

-6.11£-15
6.11£-15
1.85£-14
0.00£+00

-6.11£-15
0.00£+00
O.OOE+OO
1. 23E-14

-3.53£-10
-2.45£+02
-2.38E...00
-2.98£+00
-2.99£+02
-9.36£+02
-1.23£-01
-2.95E+00
-7.91£+00
-1.95£+00
-8.24£+00
-1.02£+01

.~%~' NOTES: - Wat.er "molality" is mole fract.ion H2O in aqueous phase
".~: Gas 'lllOlality" and "activity" art! gas pa:t:"tial pressures

'Descripto:t:"" means,
·dG/ll.T/lnl0 fo:t:" species with non:ze:t:"o concs. (convergence c:t:"iterion)

:;:~: ·sat.uration Index for minerals, SI",log10(IAP/Ksp)
',','; ·log10(activity) for aqueous species with very small concent:t:"ations
.~::. .log10(partial pressure) for gases

Total GIRT., -4.63)19813£+03
Flashing Tit.rat.ion t

:;':'::'. t inversions for batch p1)lm 13
3::,- 18enchmark TITRATE Problem, LQG10 option; Np(V}02 with CO) in 5.6lmolal NaCl FMT V2.0
'~"'.~ DATAaASE: HMW84/FW86; Np,:V) -Na-C03-OH-CI-CI04 (NR94);
'<.~' 95.01.31 Am(II!) -Na-C1-C03-S04-P04 (FRSR89 ,FRF90. P91, IU'F'R92. RFF94 ,AAFF941
:..; hessure= 1.00000£+00 l-J Ant Tl!!:llIperat.ure.. 2.98£+02 [-j Kelvin
,',;:'
.,~ '. £lement.al Abundances for Flash Problem

Total Moles Aq. Molality A•• Molarity Aq. IElglliter

.B5957215£+01 11011746£...02 9Jll91116E+Ol 1.00114286£"'05 H}'d::-0gen

.66163098£+01 55101903£...01 96962'723£+01 7.95110540£+05 Oxyv=
42594206E+00 61014105£+00 02250216£+00 1.154663.83E+05 sodiwn
00000000£+00 00000000£...00 ooaooooo£+OO 0.00000000£+00 Potassium
00000000£...00 00000000£+00 00000000£+00 0.00000000£+00 MagnesiUl'll.

-'
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Pa2e 15~

."
7.r::

::::.-

o 000000001:..00
J .'5031:311£.00
o 00000000£.00
J ,.'5,,6111:.00
O.OOOOOOCOE..OO
O. OOOOO~Ot.OO
o.ooooooOOt_oO
0.000000001:.00
0.00000000£.00
0,000000001:_00
O.OOOOOOOOt:.OO
O. GOOOQOODE.OO
0.00000000£+00
J. G75&151,£_00
O.OOooOOooE<o-OO
0.00000000£.00
O.OOOOOOOOt"OO

_; ,4680'''59E-16

o.oooooOOOt.OO
S.6099J.lHS·OO
0.00000000'£-00
6.909323)7'£-04
Q _00000000£+00
O.OOOOOOOOt·OO
0,00000000£.00
O.OOOOOOoot·OO
O.OOOOOQOOEH'O
0.00000000£-00
0.00000000£.(10
0.00000000£+00
0.00000000£-00
1. '7221865lE-04.
O.OOOO'OOOOE.OO
0.00000000£-00
0.00000000£..00

-:l.1481J422E-1S

0.00000000£·00
5.0223148J£·00
0.00000000£-00
6.1856012IE-Ot
0.00000000£...00
0.00000000£"'00
0.00000000£ 00
0.00000000£ 00
0.000000001: 00
0.00000000£"'00
0.00000000£·00
0.00000000£"'00
0.00000000&0000
1.5ol17948U-O'
0.00000000£"'00
0.00000000£·00
O.OOOOOOOOE.OO

-1. '23126J5£~lS

0.00000000£...00 Caleilao
.1.1'05&12'£.05 ChJorUle
0.00000000£...00 SuJ.fur
7.42'S2S70£.00 Carbon
0.00000000£.00 Po&Ion
0.000000l)Q£.00 MeqIon
o.OODOOOOO£.OO Air
o.OOOooOOO~OO Bor"OD
O. 00000000£.00 ~
O.OOOOOOOO£.OC TTaeerkl
0.00000000£.00 ThINl
0.00000000£.00 btl!!}
0.00000000£.00 UlVII
l.l5S41UUE..01 Np(VI
0.00000000£.00 C:104-IELI
0.00000000£.00 Phosphorus
0.00000000£.00 Electron
0.00000000£.00 c:barqe

:.::";

SOluticn P&!"_t.~s. cal=lat.ed
SOU1t'IOO MASS 461.66S999'1"72H
Jl20 tl.'SS )".6536'5849116
'2't)${Q/ItgI J21.S'41S'eB?242S3

....;- S;l<teified. Sc>luuotl Density
DENS:n 1188.eSl11318691

J:~:. SOlu.t.iOJl. Parall'eteu Based on Spee:Hie4 Density
:!~1 SOU1fICN VOL 0.l8832'S34S01870 liters
':!:'? TOS 293.59613885'300 gil

:'h: tlen.sitY bAsed on 'roS &nd. HaCl solutions 1188.8S11U78"1 11/1
,':';": Pe~eant r.lative: error vs NaCl density 0.000000000000000£.000 ,

~seriptor

-1.64£-1:<:
-1. 59t.-11
-2.41£-14
2.5S£-11
1.64£-11

-1.01£-11
2.65£-11

-8.'7£-11
6.38£-12

-9.40t..00
-"I .69£.00
-7.40£...00
-"I .36£.00
~2. 72£.00
-1.21E-D~

-, .36£... 02
-2.'1£.02
-) . 21t..OO
-2.61£.00
-2.45£.02

~
:":~ '\.
, ..... , ...

. .
(. ,..... . " -

Molality Activity Act Cod Total Hotes Molarity II'lQ/lit_r

3184.5~-01 7.780112-01 0.935l 1.92978£...01 •."9404£+01 8.95254£+05
"71811:+00 1.00000t+OO 1.000 3.47S56£...00 • 95002~00 l.lS082£..06
l510U~+00 5,2'14.01:+00 0.94032 1.95039£+00 , 02250£+00 1.lS466£·05

S.6099n.00 S.29139£.00 0.9432 2.95031£...00 , 0223U·00 1.76056£.05
J.822l2£-04 1.41S131-04 o.l702 1.32878E~04 3.42177'[-04 2.0878'7£.01
J.08416£-04 8.'''711:-04 2.'04 1.07243£-04 2.761651:-0t 1.21Sl9£.01
1.720851-04 l.4H811:-04 1."0 .5. '8258E~05 1.540591.-04 4.144'2£"'01
5.77346!-07 2.26f.lOl-06 l.922 2.00716£·07 .5 .16872£-07 5. 20"S£~04
1.3357)'[·07 2 .•3030t-07 1.1119 4.64.370£-0' 1,19581£-07 3. 'lUO£-02
1.101961-07 2.8151811-0' ;2.5971.£-02 3.830"£·08 9.815531£-0' S. 92010£~Ol
(,.37029£·0' J.46212£-0' 0.5436 2 .214"£~O9 S.7030JE-09 9. "'J2£~a5
•. 5"511-10 •. S1ISU-10 1.000 1.S91"1tE-10 •• 09193£-10 1.1'2S21-0•
7.066'7£-11 1.12'25t-15 :2.5885E-05 2 .•56"19£-11 6.326Sl!iE-ll 2.46144£-05
1.58546£-15 1.2540'E-:24 7.9097£-10 5.51U2£-16 1.4U39E-lS 6.)'f.lJ£~10

2.559031:-16 7.6415'U-17 0.2988 8.89657£-.17 2.2JO"E:·16 6.9nOn-11
o.OOOOOE+QO 1.00000£+00 1.000 O.OOOOQE.OO 0.00000£+00 0.00000£..00
0.00000£.00 1.000001.00 1.000 0.00000&.00 0.00000£"'00 0.00000£...00
0.00000£.00 1.000002.00 1.000 0.00000£.00 0.000001:"'00 0.00000£..00
0.00000£.00 1.00000£.00 1.000 0,00000£+00 0.00000£"'00 0.00000£..00
0.00000£.00 1.0000C~00 1.000 o.00000E.00 0.00000£"'00 0.00000£...00
0.00000£.00 1,00000£...00 1.000 0.00000£.00 0.00000£"'00 0.00000£...00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000'[.00 0.00000£.00
0.00000£.00 0.00000£.00 1.000 0.00000£.00 0.00000&-.00 O.OOOCO£.OO
0.00000£.00 1.00000£.00 1.000 0.00000£"'00 0.00000£...00 0.00000£.00
0.00000£.00 2.0oo0or::.00 1.000 0.00000£..00 O. OQOOOE.. OO C.OOOoO£.OO
0.00000£.00 0.00000£.00 1.0-00 0.00000:£.00 0.00000£..00 0.00000£.00

l5.2Jll6
5.6451

1.241740
7i .801108

5.620314
1188.85

p:!H • -loq!m(Y·ll
pH. ·lOll[aCY+I]
os-otie Coeffieient.
Equ.ilibri~ lUI !\I
lonle SerC!lqtll I_I
Dmsity. kq/.u

NO'TtS: - Mater '~lality" is 1DD1e fraction H2O in all\lecu.s Pha,s_

- Cas "..lality" and "KtivitY' .'I'e 9as pa.rd.61 ~_.su.res
"DescriPtor' _ans:
"dG/ftT/ln!O for speeie:s ....i.t.b ROOlero CQfICS. leonvouvence erio.:erioo)
"s.euracion ltXklt" for ainerals. 5z"1011101 %AP/kspl
"10910(aet.i.viCYI for -.qveous ~ies .,ith "-ry .-11 eonc:entrations
"101110(l)&rtial pressYeel for 9ases

"."

','''' .aD w;>.TEJ\
'J'~,. N~2C03 (5) NaNt!02COJ (5)

~:.;.:: lola. NOll.
.:"S"} Cl- C1-
~.;;. HC03- HCOl-
::i::; CO2 (aq) CO2 (aql
~,...~ Np02. NpO:il.
t.,,,,"'.~ M. 11.
.: :''; Nl:102CO). Np02COl-
_..... COl. COl.,
~(.::~ OK- 00-
~':lt NpOlOKlaQI Np02C11I.~)

{,,,:. Np02lCOJ 12h Hp02ICO)l;2.-
.~..,!. Np02(COlIJ."- Np02ICOlI3.... -
~/:.' Np02IOMI2- Np02IOHI2-
....:, t43KICOlI2.2K20 Trona
~:.:;: Na2C03 .a0 ~trite:

Na2C03 7K20__Na200J-He;lC41Iydrate

.... Na2COl 10laO ~trcn

t: • .: NaHC'O) Naheolite
.(.'.:: HaC! HaJ.ite
.(.1~ Na3NpOJ.lC0312fsl_DI.sABLm_D~

NaCMlaql. .tD.tierau.ba.U.only
~lC NpOlOH(.-:lrl Np02Qf1(&ZIIO:rI
~ ,; ~Offl-o-adl ~2QH(.gedl

t:.· HCICaql. . .. eo.t.i.trate.aeid.only

.':~~' Total G/It't- - •. 63431031£.03
·~:·f· f'1aabinq Titration •
'. '.',' • inversions for ~tc:h p1)lm 2.2
";.':;lk/)C~d: 't!'1'tATE ProbJ_. 1.0010 option; Np/VI02 ...ieh CO) Ul 5.6lJbolaJ N.1lCJ fln' \':l.0
..:;,:.- D'..l'AaU!:: 1Ofof84/FW86; Np(VI-Na-C03-OH-Cl-C104 IHk94 I ;
~4:' 9S .01.31 Am(II1) -Na-Cl-C03-S04-P04 (ntSR89.JI1U'90. Ptl.1l1'TR.92.UP".JUUPF94 1
····.1 P'reS'lae. 1.00000E+00 (.l An! ~r.t."re.. 2.98£...02 [_] Xelvin
r,#,.:
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4";'.;

Total Holes Aq, Molality "". Molarity Aq. m;/liter

3 85999827£+01 11017943E+02 93906557£+01 1.00175BUE...OS Hydrogen

3 66786675£·01 55109442£+01 96970938£...01 1.95123682£+05 """"=, 42615710E... OO 61002979£+00 02247225£+00 1.15465482£"'05 Sodillll'l
0 00000000£+00 00000000£+00 OOOOOOOOE+OQ 0.00000000£+00 Potassiwn
0 00000000£+00 00000000£+00 0.00000000£+00 0.00000000£+00 Mac;mesium
0 00000000£+00 00000000£+00 0.00000000&+00 O.OOOOOOOOE+OO Calcium
1 95037489£...00 60950015£...00 5.02199808£+00 1.780448911£"'05 Chlorine
0 00000000£...00 0.00000000£...00 0.00000000£+00 0.00000000£"'00 5..:lfur
3 47587277£+00 7.90126088£-04 7.07373490£-04 B.49626299£"'00 Carbon

0 .00000000£+00 0.00000000£...00 0.00000000£+00 0.00000000£"'00 PosIon
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 NegIon
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 Air
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 Boron
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 BrOlEline
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 Tracer£l

0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£"'00 ThlIVI
0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 MllIII)

0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£"'00 U(VI)

3.47561578£+00 5.09860080£-05 4.56460691£-05 1.08203186£"'01 NplV)

0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£"'00 C104- (EL)

0.00000000£+00 0.00000000£+00 0.00000000£+00 0.00000000£+00 phosphorus

0.00000000£+00 O.OOOOOOooE+OO 0.00000000£+00 0.00000000£...00 Electron

-1.85281271£-15 -5.32890020£-15 -4.77078632E-15 O.OOOOOOOOE+OO Charge

Solution ParlllZleters. Calculated
SOLUTIOO J9,SS 461.701224245717
H2O tQSS 347.691387660720
TDSlg/.ll:gl 327.905264930832

Speci:ied Solution Density
OENSITY 1188.82922071361

-
Solution parameters Based on Specified Density

.",,:-) SDUJTICN VOL 0.388366315532383 liters

... ,.,. TOS 293.562628954494 g/l

Density based on TDS and NaCl solutions 1188.82922071361 gil
Percent relative e:rror vs NaC1 density 0.000000000000000£+000'

';:~". TABLE OF C~TIONS FOR BATCH SY~

-9.95£-12
-1.2:2E-I0

8.21E-11
-1.23£-14
-8.04£-11
-1.14.£-10

3.40£-11
-3.65£-07
-4.63£-11
-8.68£+00
-7.16£+00
-6.81£+00
-6.83E+00
-2.54E+00
-1.23E-01
-9.35E+02
-2.98£+02
-3.39E+00
-2.79E+OO
-2.4.5E+02

I)escriptorMolality Activity Act Coe:f Total Hole:s Molarity 1l911iter

8.3185:2E-Ol 7.78030E-Ol 0.9353 1.92999E+Ol 4.96951E+01 8.95267£+05
9.99622E+OO 1.00000£+00 1.000 3.47560£+00 S.94928E+00 3.15056E+06
5.61003£+00 5.29080£+00 0.9431 1.95056£+00 5.02247E+00 1.15465£...05
5.60950£+00 5.29073£+00 0.9432 1.95037E+00 5.02200£+00 1.78045£+05
5.19856£-04 2.14695E-04 0.3703 2.01611£-04 5.19125£-04 3.16755E+01
:2.0976"1£-04 6.09044£-04 2.903 7. 29329E-OS 1.87194E-04 8.26478B+OO
5.08519£-05 1.01191£-04 1.990 1.76808£-05 4.55260£-05 1.22486£+01
3.72979£-07 9.68710£-09 2.5972E-02 1.291582E-07 3.33916£-07 2.00380£-02
2.58813£-07 1.01480£-06 3.921 8.99871E-08 2.31707£-07 2.33537E-04
1.33591£-01 2. f.3057£-07 1.819 4.154484£-08 1.19600E-07 3 . 93 550£-02
1.42123£-08 1.72603E-09 0.5436 <1.94149£-09 1.27238E-08 2.16397E-04
2.3920LE-10 6.19248£-15 2.5888£-05 8.31683£-11 2.14149E-I0 8.33180£-05
3.01826£-10 3.01826E-10 1.000 1.04942E-10 2.70215£-10 7.72962£-05
1.81540£-14. 1.43698£-23 7.9155E-10 6.31199E-15 1.62527£-14 7.298615£-09
3.76383E-16 1.12471E-16 0.2988 1.30865E-16 3.36963£-16 1. 02121E-I0
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000E+00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£... 00
0.00000£+00 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£...00 0.00000£+00
0.00000£..00 1.OODOOE+OO 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO
O.OOOOOE+OO 0.00000£+00 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00
O.OOOOOE+OO 1.00000E+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00
O.OOOOOE+OO O.OOOOOE+OO 1.000 0.00000£+00 0.00000£+00 0.00000£+00

6.5870
5.9936

1.:241681
77.803013

5.610081
1188.83

pIllH .. -log/mlll+J]
pH .. -log[a(H+) J
Os>llotic Coeffic;:ient..
EquilibriUID RH (,)
Ionic Stre:nqtn fm)
Density, k'il"lIn3

Np02C03 _ Np02C03-

00- 00-
Np02(C03)2"- Np02fC03)2..-
Np02OH{aql Np02OHlaQ:)
Np02 (C03 I 3.... - Np02fC03)3 .... -
Np021OH12- Np02(OH12-
Na3HlC0312.2H20 Trona
Na2CQ3.H20 nJ.e:r1IlOn&trite:
Na2C03.7H20__Na2C03-He:ptahydrate:
Na2CQ3.l0H20 Natron

.. NaHC03 Nahco1i te
NaCl Kalite
Na3Np02 (C03) 2 l sJ_OISl\B.l.&)_OISABLED
NaOHlaq) .•.•.. to. tit:r:ate:.base:.only
Np020tl{amar) Np02OH(aIllOr)
Np02OHlaged) Np02OHlagec!1
HC1(aQ) •...... to. tit:r:ate.acid.only

NOTES, _ Wate:r "molllLlity" is mole traction H2O in aqueous phase
Gas "m:;llality" and "activity" oIIre- 'lollS partioll.1 pre-ssl.lrt!-S
"Descriptor" means:
*dG/RT/ln10 fot' species with non~e:ro concs. lconver'il"ence: criterion}
*Satl,lration Index for minerals. SI"log101IAP/KspI
"loq10(ac;:tivity) for aqueOl.lS .spe:cies with very small concentrations
*log10 lpartial pressure I for gollSe:5

.:~:' H2O I\U\TER

;~~ ::;02C03 (s) JNaNp02C03~::

1,,-: Cl- Cl-
!,-7.:~ HC03- RC03-
/.."'.' C02laq) C02laq)
';':n Np02+ Np02+
,,;;.,:, C03.. C03..

H+ H+
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Appendix N: Sample Output File "Np_NaCl_BM_LOG.OUT'

; ~.:::

~,,": Tot-.l GIRT- _•. 63462770£+03
~. Flashi,n.; '!'itration •
"",,- • inversions for I»tch pblm It
:;;; lBe:etDark TI'TU.Tt Problelll. LOGIC option; NplVI02 with CO) i:) 5.6l:101al NIICl fl'f!' V2.0
,::.~ tlI'.TA».S£: NMWllc/n.86; NpIVI-,..-COJ-(lH-Cl-CIOt 1NR941:
':-' ~ 'S.01.31 AlloUIl I-,...,-Cl-<O)-S04-P04. InsR".PKI'90. P91.RFFR92.IU'N' .llJlF'P"C)

:..0.-; Pre.uure- 1.00000£+00 '-I ,,~ ~I".ture" 2.98£.02 I") Kelvin

wpo # 28119
November 17, 1995

Page 154

-

:;.,;: Elemental Atlutld.anees tor Flash Problf!111.,
AQ. Molality AQ. Holariry Aq. mg/liter

Specified solut.ion o-nsity
DENSITY ll88.82089442743

Solution pax_nrs Based on Specified
SOlDTIC»V VOL 0.388&23849459858
TDS 293.54'618.38017'

-

1.0017673'£.05 H)"l!rooien
7. 951406811:.05 ~etl.

1.15465478£.05 Sodi\l.lll
O.OOOOOOOOE.OO Potassium
0.00000000£.00 "-9MeSiwn
0.00000000£.00 C.lciUlll
1. 78026553£.05 Chlodne
O.OOOOOOOOE.OO SUHur

l)30H72E.Ol Carbon
0.00000000£.00 Po$Ion
0.00000000£.00 NeqIon
0.00000000£.00 AiX'
O.OOOOOOOOE.OO 8oX'()I:l
0.00000000£.00 B:romine.
0.00000000£.00 T'r.cer£l
O.OOOOOOOOE.OO ThlrYl
0.00000000£.00 A1a{IIII
0.00000000£.00 Ulvtl
1.07115342£-01 HpIVI
0.00000000£.00 Cl~·IELl

0.00000000£.00 Phosphor\ls
0.00000000£.00 £l~tron

O.OOOOOOOOE.OO Charge

9 U91S462E.01
4 96n1566E.01
5 02247206£.00
o 00000000£.00
o 00000000£.00
o OOOOOOOOE.OO
5 02148063E.00
o 00000000£.00
, 43Un02£-04
0.00000000£.00
0.00000000£.00
o .OOOOOOOO~OO
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
o .OOOOOOOOE.OO
4.5187156'£_07
0.00000000£.00
O.OOOOOOOOE.OO
0.000000001:.00

-2.013HOO£-15

1 ll018357£.02
5 55ll8ol09£.01
5 61000023£.00
O.OOOOOOOOE.OO
o OOOOOOOOE.OO
o OOOOOOOOE.OO
5 60889282£.00
o 00000000£.00
1 05369370E-OJ
o 00000000£.00
o OOOOOOOOE.OO
o 00000000£.00
o OOOOOOOOE..OO
o 00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
O.OOooooooe.oo
5 .0473lC50E~0'

0.00000000£.00
O.OOOOOOOOE.OO
0.00000000£:.00

-2. J158798JE-15

Solu.tion PAr_ters. Calcu.lllted
SOLl1r'ICI'; KASS 461.'66J88131816
H2O KASS 347.744715353115
'TPS (g/kg l 327.889016696913

J.86060'70£+01
J.6682027)£...01
S.426463SU.OO
0.000000001:"-00
o.00000000£.00
0.000000001:'.00
1.95046284£.00
0.00000000£.00
3.47598202£.00
0.00000000£...00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£·00
0.00000000£.00
O.OOOOOOOtlE..OO
3.475615781:·00
0.00000000£·00
0.00000000£.00
0.00000000£.00

-8.053349'2E-U

',,'-.

:~: Densiry based en 'tnS &nd HaCl solut.ions 1188.!208'U27'3 g/l
;;,:::} Perce::.t relative error vs ~::1 density O.cOOOOOOOOOOOOOO£.OOO ,
:;:::~

f~5 plIlH .. -loqllll(H.I)
C~, pH ;: -loq[aIN.I)
f.;::: OsInot..ic Coetfieient.
;,;:: E:qu.ilibrium JU( ('I
:"21 :Ionic Stre:ll9t.h (Ill) •

OescripcoX'

-, .23£-08
-, .18£-08
1.79£-07
J .21£-13

-1.15£-07
1.26E-07

-2.16£-07
-2.06£-08
-1.50E-07
-6.21f:.00
-4.98E.00
-t.69£.OO
-t.65E.00
·2.31E.00
-1.2JE-Ol
-9.))E.02
-2.!6E.02
-3.62£.00
-3.03E.00
-2.47E.02

","~."""'...
,.r 1/):., '-'\

,. r:. "".
. )

i···."..,."

\ "':.>

Molality Activity Act Coef Toeal Holes Moudry C9/1it.er

8.318575:-01 7.78050£-01 0.9353 1.93029£.01 4.96953£.01 8.95271£.05
9."473£·00 1.00000£.00 1.000 3.47562£.00 8.94800£.00 3.15011£.06
5.61000£.00 5.2'000£.00 O. '430 1. '5085£.00 5.022.41E.00 1.15465£.05
5.60889£.00 5.28999E.OO O. "31 1.95046£.00 5.02148E.00 1. 7802'£.05
9. '2660£-04 3.67543£-04 0.J703 3. '5192E-04: 8.88700£-04 5.4225'£.01
:I..61888E-05 1.474941'.:-06 2.5972£-02 1. 97480£-05 5.08414E-05 3.05095£.00
4.03145£-06 1.17227E-05 2.903 1.40400£-06 J . 61461£-06 1. 59078E-Ol
1.26397E-06 6.87170£-0' 0.5437 4.J'540£-07 1.13160£-06 1.92450&£-02
J .34101£-01 6.64703E-0' 1.990 1.16182£-0' 2.991ll£-07 8.04750£-02
1.33613£-07 2.43094£-0"1 L8U 4.64631E-08 1.19620£-01 3.93616£-02
J .64205E-08 9.43001£-13 :2 .5892£-05 1.26650£-08 3.26062£-08 1.26859£-02
:2.91065£-09 1.14100£-08 J .920 1.01216E-09 2.60582E-09 2.62641£-06
4.20660£-10 J .33181E-U 7. n04£-10 1.46282E-I0 J. "16605£-10 1.69124£-04
1.763JU-IO 1.76))9£-10 1.000 6 .13211£-11 1.57872£-10 , .5'1598£-05
1. '558J£-U 5.8U38£-15 0.2988 6.80128E-15 1.15100E-14 5.30660£-09
0.00000£.00 1.00000E.00 1.000 0.00000£.00 0.00000£·00 0.00000£..00
0.00000£.00 1.00000E.00 1.000 0.00000£.00 0.00000£.00 O.OOOOOE.oo
0.00000£·00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
O.OOOOOE.OO 1.00000£.00 1.000 O.OOOOOE.OO O.OOOOOE.OO 0.00000£.00
O.OOOOOE.OO 1.00000E.00 1.000 O.OOOOOE.OO 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000r:.00
O.OOOOOE·OO 1.00000£.00 1.000 O.OOooOE.OI) O.OOooOE.OO 0.00000£.00
O.OOOOOE.OO 0.00000£.00 1.000 O.OOOOOE.OO O.OOOOOE·OO O.OOOOOE.OO
o .OOOOOE.OO 1.00000£.00 1.000 0.00000£.00 O.OOOOOE.OO 0.00000£.00
O.OOOOOE_OO 1.00000E.00 1.000 G.OooOOE.OO 0.00000£.00 0.00000£..00
0.00000£_00 0.00000£.00 1.000 0.00000£.00 0.00000£+00 0.00000£.00

8.5360
7.9427

1 241601

" 805007
5 610057

H2O .",.".
~2COJIsl ...!NaNp02COJ~:

Cl- Cl-
HC03- HC03-
CD3.. CD3 ..
CO2 (aql CO2 (llqJ
~- ~-

Np02. Np02.
Np02C03- Np02C03-
Np02(COJ)2-- Np02(C03j2.-
H" H.
Np02(C0313•• - Np02IC03)J...-
Np020HlaQl ~2OH(&Q1

Hp02(OH)2- . Hp02IOHI2-
Na3H(COJI2 2.K20 Trona
Na2C03 .H20 ~trit.e
Na2C03.7K20~C03-Hepc~at.e
Na2COJ .10K20 Natton
NaHC03 Nahcoli n
NIlC1 Halite
tWNp02 (C03J2 (sl_DIs.uu;o_D~
NllOH(aq) to. titrate.base.only
Np02OHhUllori Np02OH1&nOrl
Np02CH(agedl Np02OH(agedl
HCl(a<o:l t.o. t.itrat.e.llcid.only

e::~

f~.-;

:,":
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C,:' Density, kq/mJ 1188.82

_, NOTES: - Water "molll1i ty' is IllOle fraction H2O in aqueou.s phase
.;;':: Gas °m::>lality· and "aetivity" are gas partial pressures
.;;:;- "Descriptor" rneanz:
'~2:' "dG/RT/lnlO for species with non::ero cones. (c:onverqem:e criterion)
:,.,..'; "Saturation Index for rru.nerals, SIotlogl01I,:>,P/Ksp)
(:. *loqlOrac:tivityl for aQ\.leo\,ls ~ies ....ith very small concentrllt:l.ons

-loglO(partilll pressure) for Illlses

____ Total GIRT.. -4.6349"99"E.OJ
Flashing Titration t
t inversions for bat.ch pblm 16

,; IB~chmzlrk TITRATE Problem, L0010 option; Np(Vl02 with CO) in 5.6l:nolal N/le1 FMT V2.0
t\A:TABASE, HKW84/FW86; Np(V) -Na-COJ-OH-CI-CID4 (NR94);
9S. 01. 31 J\:IIl III) -Na-CI-COJ-S04-P04 (f'RSR89. FlU'90. P91 IlFFR92 , RFF94 , RRFF94 1

Pressure,. 1,00000E+00 [ .. J A'n'I 'I'emperatun,.. 2.98£+0.2 [ .. ) Xelvin

Elemental ~ces for Flash Problll!ln
,--

-
.::;;:

:-)'

Total Moles "'c:;[. Molality Aq. Molarity "'q. mq/lieer

,.86U6891£+01 1.110H383£+02 9 93917155£+01 1 00176910£+05 Hydroqen, .66868155£+01 5.55131961£+01 • 96994430£+01 7 95161268£+05 <>==
5 42690025£+00 5.61000156£+00 , 02248064£+00 1 15465675£+05 ,O<h_
0 00000000£+00 0.00000000£+00 0 00000000£+00 0 00000000£+00 Potassi\.Ul\
0 00000000£+00 0.00000000£+00 0 00000000£+00 0 00000000£+00 liaqnesiwn
0 OOOOOOOOE+OO O.OOOOOOOOE...OO 0 00000000£...00 0 OOOOOOOOE...OO Ca1ciwn
1 95058817E+00 5.60799916E...00 , 02068795£+00 1 77998450£+05 Chlorine
0 00000000£+00 0.00000000£+00 0.00000000£+00 0 00000000£+00 Sulfur, .47613771E"'00 1.50108527E-03 1.34388050£-03 1 61413487E...01 C=bon
0 OOOOOOOOE...OO 0.00000000£+00 0.00000000£+00 0 00000000£+00 Posron
0 OOOOOOOOE...OO O.OOOOOOOOE... OO 0.00000000£+00 0 OOOOOOOOE... OO NeqIon
0 00000000£+00 0.00000000£.. 00 0.00000000£+00 0 00000000£+00 Ai.
0 OOOOOOOOE+OO 0.00000000£..00 0.00000000£+00 0 OOOOOOOOE..OO Boron
0 00000000£..00 O.OOOOOOOOE...OO 0.00000000£..00 0 00000000£..00 BrOllline
0 00000000£..00 0.00000000£..00 0.00000000£"00 0 OOOOOOOOE+OO TracerE1

0 00000000£..00 0.00000000£"00 0.00000000£.. 00 0 00000000£..00 'I'b.{IV)

0.00000000£..00 0.00000000£+00 0.00000000£+00 0 00000000£..00 Am(III)

O.OOOOOOOOE+OO 0.00000000£.. 00 0.00000000£..00 0 OOOOOOOOE+OO lJ(VI)

3.47561578£+00 5.18420811£-07 4.64127943£-07 1 10020694E-01 NplV)

0.00000000£..00 0.00000000£...00 0.00000000£+00 0 OOOOOOOOE"OO C104-(ELl
0.00000000£..00 0.00000000£..00 0.00000000£.. 00 0 00000000£..00 Phosphorus

0.00000000£+00 0.00000000£...00 0.00000000£+00 O.OOOOOOOOE+OO :Electron

-1.02828867£-15 -2.95636061£-15 -2.64674862£-15 0.00000000£..00 C......

solution Parameters, Calculated
SOLUTION K>.SS 461_868060856175
H2O w.ss 347.822478666651
TOS(g/kgl 327.884450213538

Specified. Solution Density
Dm'SIT'i 1188.81855435140

:--~-> Solution Parameters Based on Specified Density
f:-" SOurrI~ VOL 0.388510138208740 liters
e:: TOS 293_545961799972 gIl

'-'-\

.. ~.

-. :

Density basec;l. on TOS and NaCl solutions 1188.81855435140 gil
Percent relative error vs NaC1 c;l.ensity 0.000000000000000£+000'

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species H.... Molality Activity Act Coef Total Moles Molarity mq/1iter

H2O ..= , 31862£_01 7 78067£-01 0.9353 1.93012:E"'01 4.96954£..01 , 95273£..05
NaNp02C03 (s) NaNp02C03 (s) 9 99250£..00 1 00000£...00 1.000 3.47562£"'00 8.9460U..00 , .14941£..06
H•• H.· 5 61000'£..00 5 .28971£..00 0.9429 1.95128£...00 5.02248£..00 1 15466£..05
Cl- Cl- , 60800£..00 5 28867£+00 0.9431 1.95059£..00 5.02069£..00 1 77998£..05
HC03- HC03- 1 00903£_03 , .73572£-04 0.3702 3 .50963£-04 9.03356£-04 5 51202£..01co,- CO,. • 90117£_04 1 27445E-05 2.5971£-02 1.70682E-04 4.39325£-04 2 63636E+01
ON- OH- 1 07447£-05 5 84190£-06 0.5437 3.73726£-06 9.61946£-06 1 63601£-01
CO2 (aql CO2 (aql , .82702£-07 1 40153£-06 2.904 1.67895£-07 4.32150£-07 1 90188E-02
Np02 (C03) 2 __ Np02{C03)2 .. - , .14511£-07 8 14859£-12 .2. S904£-OS 1.09415£-07 2.81627E-07 1 09571£-01
Np02C03- Np02C03~ 1 336)0£_07 2 43107£-07 1.819 4.64794£-08 1.19635£-07 ,.93666£_02
Np02. Np02. , .86807£-08 7 69314£-08 1.989 1.34540£-08 3.46298£-08 9 31704£-03
Np02 (C03) 3 .... - Np02(C03)3 .... - l .13656£-08 2 48770£-17 7.9313£-10 1.09097£-08 2.80808£-08 1 26104E-02
H. H' ,.4251:2£_10 1 34216£-09 3.919 1.19134£-10 3.06642£-10 , .09064£·07
Np020H(aq) Np02OO(aql 1 73507£_10 1 73507£-10 1.000 6.03495£-11 1. 55336£-10 4.44344£-05
Np02 (OH) 2- Np02 (OOl2- 1 63614£_13 • 88!173£-14 0.2988 5.69085£-14 1.46479£-13 4.43921£_08
Na3HlC0312 2H20 Trona 0 00000£+00 1 00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
Na2COJ.H20 Thermonatri te 0 00000£....00 1 00000£....00 1.000 0.00000£....00 0.00000£....00 0.00000£.... 00
Na2C03 7H20~42C03-Hepeahydrate 0 00000£.... 00 1 00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
Na2C03 10H20 Natron 0 00000£+00 1 00000£+00 1.000 0.00000£...00 0.00000£+00 0.00000£+00
HoRCO' Nahcol:l.te 0 00000£+00 1 00000£+00 1.000 O~ 00000£...00 0.00000£+00 0.00000£+00
NaCl Halite 0 00000£+00 1 00000£+00 1.000 0.00000£...00 0.00000£+00 0.00000£....00
Na3Np02 (COJ) 2 (s) _DlSABLEO_.olSABLED 0 00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
NaOH(aql .. ' .. _to. titrate.base . only 0 00000£+00 0.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00

Descriptor

-4 59£-08
-8 67£-08

2.59£-08
4.47£-12

-2.13£-08
4.49£-08

-2.55£-08
4.70£-09
2.99£-08

-5.33£+00
-4.04£...00
-3.75£+00
-3.71£+00
-2.30£+00
-1.:24£-01
-9.32£+02
-2.95£+02
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Np020H Camari,:==;~N;101.OH(&IIOr)
N;:I02OHlage4l~ NpO.1OHlavedl

Hel (acql. . t.o t..i.t.r.c....ci<!.only

O.OOOOOE·OO
O.OOOQOt:.OQ
0.00000£·00

00000£.00
.00001>£ooCO
00000£..00

1. 000
1.000
1.000

0.00000£.. 00
0.00000£..00
0.00000£.00

0.00000£.. 00
0.00000£"00
0.00000£_00

0.00000£.00
0.00000£..00
0.000001;.00

-3.63£.. 00
-3 03£-00
-2 48£_02

,.
. .,:.:

pmtl • -lo;"[lIlIH·I]
pH • -loq(a{H+l\
O$:IlOtic: Coeftici~t.

Eq\1ilibri\Ull JUt l\l
Ionic Stret\9th 111I)
DenSity, kq/1ll3

8.8722
1 241539

77 806749
$. 61049d

USe.82

9.40653

;";.: NQ1'ES:. W",ter "molaliey' is mole fraction H2O in aQUeous pha...
v •• "llIOlalJ.ty· vu:l "activity· are g&S partial pressures
·~SC:Ti'pt.or· Mat'LS:
-cICJJl.T/l.n10 for species ...itb non1:UO Conc:'lJ. lc:ort~e'" criterionl

:.;::~ -Saturation 1ndelC for mir..r.ls. SI=10910I UP/KspI
~::" -loo10(act.ivityl for 8q\leous spt>eies ..iUl very $lIIall c:cncentrat.ions
.<..' -lOOlOlpartial pressu.r,,) for gases

..•_ Total GIRT- -4.63548129£.·0)
nash.ing Tit.ration •

:-:'J. • inversioM for })I.t.ch pblJtl 17
:':~: 1Benchmark 7I'ntATE Problem, LOGI0 option; Np(VI02 ....ith C03 in 5,6l.mOlal NBCl nrr V2.0
:;.•' DA7AlL.'S£: KHW84/FW86; Npllf)-Na-C03-OH-CI-C104 (NR94);

95.01.31 AlII!:I:I:I) -Na-Cl-COJ-S04-PQ4 I FltSJt89 , FRF90, P91, RFFJt92 .ltI'F94 , RRFF94\
: ..... Pressur~" 1.00000£.00 [ .. ) A'IM 1'eq>erat.loIre- 2. 98E.02 '''J K~lvi"

TOtal Moles

3.86210051£.01
J.66936)9):["01
5 .(2752260£.··00
0.00000000£.. 00
0.00000000£ 00
O.OOOOOOOOE OO
1.95076678£·00
0.00000000£·00
3,476359SU:"'00
0.00000000£·00
0.00000000£..00
0.00000000:£·00
0.00000000£·00
0.00000000£...00
0,00000000£·00
0.00000000£·00
0.00000000£·00
0.00(1)1)1)002....00
3.47561578£.·00
0.00000000£·00
0.00000000£..00
0.00000000£·00

-9.45337050£-16

Aq. Holality

1.11018410£+02
5 55151239E.Ol
5.61000344&000
0.00000000£..00
0.00000000£'.00
0.00000000£.00
5.60612579£,.00
0.00000000£.00
2.13880634£-03
o.000000Ct)l:...00
0.00000000£·00
0.00000000£...00
0.00000000£.00
0.00000000£...00
0.00000000£.00
0.00000000£...00
0.00000000&000
O.OODDDDOO£.OO
1.02583551£-06
0.00000000£.00
0.00000000£..00
0.00000000£"00

_2.11700630£·15

Aq. Holnit.y

, 9)919<150£.01
4.9701272U·Ol
S 02U9216£..00
o 00000000,.00
o DOOOOOOOE:+OO
0.00000000£·00
5 01955836£.00
0.00000000£·00
1.91481868£·03
O.OOOOfl{){)f1E..OO
0.00000000£·00
0.00000000£·00
0.00000000£.. 00
1).00000000£.00
0.00000000£·00
0.00000000£;..00
0.00000000,·00
0.00000000£.. 00
, .18404)25£-07
0.00000000£+00
0.00000000£.00
0.00000000£.00

-2.43246632£-15

1.00177142£.05
1.9'H905!3E.o.OS
1.15465953£..05
0.00000000£.00
O.OOOOOOOOZ:.. DO
O. CCCOOOOOE.DO
1. 77958403£.05
0.00000000£.00
2.29988811£.01
().OOOOOOOO£.OO
0.00000000£...00
0.00000000£.00
0.000000001..00
0.00000000£.00
0.00000000£.00
0.00000000£..00
0.00000000£.00
0.00000000£.00
2.17706092£-01
0.00000000£·00
0.00000000£.00
0.0000;)000£..00
0.00000000£·00

..........n

""""""SoOi_
PotassiWl'l
Ma9fMsil,Ufl
C.lci\llll
Chlori.ne
Sulfur
C~_

PosIen....'~
Air
Bor~

Brca.inc
Tracel'tl
Tb(tvi
MlIII)
UlVI)
Np(V)

el04-IEL)
Phosphot\!s
£lect.l'on= ..

-

'-'.

-4.86£·0'
9.'5£·09

-3.5n:·08
1..56£-12
1..97£-08

-9.14£·09
-1.9n-OB

1.06E-08

De:n.Sity b,ued on 'T1)S and HaC1 sol\ltions. U.88.I1.S2~82e6S1 gIl
Percent relative error vs ~1 density O.OOOOOOODOOOOOOOE.OOO'

Specified SOlut.icm Densit.y
tlENS:ITi 1188.81524828657

Solution Par_t.tts. calculated
SOLUTION MASS 462.013014691340
}l20 KUS 347.933330580303
'lDSlgli<l]l 321.811998698101

Solution P.rameter.s BaSed an Specified Den.sity
SOLOTlOO VOL 0.388633149984603 lit.ers
TtlS 293.54019577502' 9/1

Species N_ Hola1it.y Act.ivity >ocr C~f Tot.al Holes Holar:ity G:Qflit.""

H2O WATER 8.31870£-01 7.78092£-01 0.9354 1.93133E.Ol 96955r;·01 8.9527U:.. 05
N&Np02C03l s) N~2C03(.s) 9.98931£·00 1.00000£·00 1.000 3.47562£·00 94318£·00 3.14841£·06N._ N._ 5.61000£.00 5.28932£.00 0.9428 1.95191£·00 02249£·00 1.154.,,£.05
Cl· Cl- 5.60613£"00 :5 .28679£... 00 0.9429 1.95071£·00 5.01956£..00 1.77958£·05
CO): CO]. 1.11398£-0) 2.89293£-05 2.5969£-02 3 .81591£-0_ 9.97318£·0« 5.98482£·01
Ht"O]- HCQ]- 1.02256£-03 3.78536£-04 0.3702 3.55784£-0_ 9.15475£·04 5.5859U"01
CH- OM- 2.40684£-05 1.30873£-05 0.5_38 8.371019£-06 2.1.5478£-05 1.664·J(1'£-01.
~2(C011'2t. If'p04 tCO) )2.- 1.13649£-07 1.14983£-11 2.5921£-05 2.48302£-07 6.38911£-07 2.485781:-01
CO2 (aQ;) ~(aql 2.!B)28E-07 6.339271:-01 2.904 1.59637£-08 1.954'41:-01 8.60232£·0)
Np02COJ- Np02C03- 1.l365'£-07 2.43125E-07 1.819 4.65026£-08 1.19657£-07 3.93138£-02
Np(l2IC031)at- Np02(C031]za. 1.61312£-07 .1.2819]&-16 7.94"£-10 5.61.2Sn:·OS 1..40\418£-0' 6 .485'fI~-02

"0'''- ",,,,,- 1.7049'£-08 ). 3!93 8£-08 1.988 5.9n07£-09 1.52639£-0' 4.10671£-0]
H_ M_ 1.52979£-10 5.99129&-10 3.916 5.32265E-11 1.36958£-10 1.38040£·07
Np020Hlaql Np020!1(aC'Zl 1.71249£-10 1.71249£·10 1.000 5.95833£·11 1.53315£-10 4.38564£-05

"-

7:-';'
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~,:.:

._' Np02/QHl2. Np02IOHI2-
Na3H lC03 12 2K20 Trona
No2C03.H20 'I'he:~trit.e

"'a2C03 7K20__N.a2C01-Hept.&hydcate
Na2COl lotao NatrO:l
N&HCO) Nahcolite
~Cl Halite
Na3N;02lC03 121 s I-P!SABLED_OI~
NaOHlaql.. . .to.ti~rate.base.o.."ly
Np02I)Kluo:-l ~2OHluorl

Np020Hraiedl Np020HI Itqedl
HClla.ql" .. to titrate aeid.only

3.61806£-lJ
0.00000£"'00
0.00000£.·00
0.00000£....00
0.00000["'00
0.00000£.00
O.OOOOOI..OO
o.OOOOOI..OO
o.OOOOOI..OO
0.00000£.00
0.00000£...00
0.00000£·00

1. 0'095£-13
1.00000£.000
1.00000£·00
1.00000£ 00
1.00000£ 00
1.00000£..00
1.00000£·00
1.00000E"00
O.OOOOOE.OO
1.00000E·00
1.00000£·00
O.OOOOOE·OO

0.2988
1.000
1.000
1.000
l.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.25884£-13 J .2J91~I.-13
, 8166J£-08 J 03£-08

0.00000£..00 O.OOOOOE"OO 0 00000£·00 -, 96£.00
O.OOOOOE.OO 0.00000£..00 0.00000£.00 -J 68£.00
0.00000£.. 00 0.000001;.00 0.00000£·00 -J 39£.00
0.00000£.00 0.00000£.00 O.OOOOOt·OO -l 36t.00
0.00000£..00 O.OOOOOE.·OO O.OOOOOt·OO -J 30t.00
0.00000£..00 0.00000£·00 0.00000£.00 -J 24£-01
0.00000£.00 O.OOOOO£~OO 0.00000£+00 -, J2£~02

0.00000£·00 O. OOOOO~~OO 0.00000£·00 -J 95£.02
0.00000£...00 0.00000£·00 0.00000£·00 -J .6)£.00
0.00000£... 00 0.00000£·00 0.00000£.00 -J .04£.. 00
0.00000£.. 00 O.OOOOO£~OO O.OOOOOE.·OO -2 49£.. 02

t··.·
pcr.ll .. -loollrlCM·ll
~H • -100;[alM·11
Ot::nc:ic Coe!Hcient t

tquilibd\,&Cl. kif ,t)
ICtlic Strcnqdl lei

::..,.' !>cnsity. )l:c~/rrJ

9.2225
1.24U51

77.809217
5.611121

1188.82

9.8154

,':; NOTtS:

~,

.'::~:

_ Water '1rOla1ity' is :nole fra::tion K20 in ...~eOl.ltl ~~e
Gas '1l'o01ali~' and 'actiVity' Are ;as partial pressures
'Descriptor' 1Ile&.01S:
·~/R.~/lnlO fo:::: species with r,orn:ero conc$. lco:wc.rgenee criterionl
·Sat,,:-atio:'l. L-.:le;o: fO>:" lI'line.t:ab. SI-I0910IIAP/K$p1
·l~lOI..etivityl for aqueQU$ species with very s:MU coneentrations
·loo10lpartlal prlU'sll.reJ for ",ases

.... TOtal C/RT'a -4.636H15HE.03
.~:,.: Flashin9 Titrat:.iol"l •
.: .~., • il"lvtui()l"l.$ !or bateh pblDl 17
\.'~; l'SUlclwrlark ~I'!"KATE Problem. LOGl0 opt.ion; NplV102 wit.h C03 in 5.6lJrDlal NaCl Flfl'V2.0

OATUJ\5£: ~U/FWe6; NpfV) -Na-C03-0fl-Cl-C104 fNR9.; I;
c''',.. 95.01.)1 MlrIII) -Na-Cl-CO)-S04-P04 IFPSR89. fRF90. P91 RTP'R'32. RTP94 MlT94)
'";::;. Presl"re~ 1.00000E...00 [ .. ] A'n'l Teq:>erat."re- 2.'38£.02 [t] Kelvin

.:. :'l £le.tltal Abundances fo:::: Flash Problem

Solution Par.....ter:s. Calculated
SOLl1!'ION !QS.S 462. 219612"'185!H6
H2O MUS 348.09131ll20339
'tt)S Co;/k<;l 327.868860898172

"

1.0011;4702..0S Hydr0gen
7.952321'7£.05 Oxyqt:n
1.154663S1£.OS SodiWll
0.00000000£...00 Potassi......
0.00000000£.00 MaqnesiWII
0.00000000£...00 Calci......
l. 7"01)69£.OS Chlorine
O.OOOOOOOOE."OO Sulfur
3 .27661900£.01 Cuban
0.00000000£..00 Po.slon
0.000000002...00 Neglen
0.00000000£...00 Air
0.00000000£.00 Boron
0.000000001:.00 BrOllline:
0.00000000£.00 TraeerEl
0.00000000£.00 ThiN)
0.00000000£.00 MIUIl
0.00000000£..00 UlVII
•. 12$09'480£-01 N'p{V)
0.00000000£.00 C104-{ELI
0.000000002.00 Phosphorus
0.00000000£.00 £lectron
0.00000000£.00' Charge

AQ. IIIg/liter

kqlln'J 9/1

Ac;I. Molarity

9.93922712£.01
';.97038762£·01
5.02251004£.00
0.00000000£·00
0.00000000£·00
O.OOOOOOOOE"OO
5.01794966E....00
O.OOOOOOOOE.OO
2.72801516£-OJ
0.00000000£.00
0.00000000......00
0.00000000£.00
O.OOOOOOOOt·OO
0.00000000£.00
O.oooOOOOOE"OO
0.00000000£.00
0.00000000£..00
0.00000000£.00
J.74061427£-Ofi
0.00000000£.00
0.00000000£.00
0.00000000£..00

-2.74631980£-15

1 11018446£...02
5 55176692£.01
5 61000623£.. 00
o OOOOOOOOE.OO
o OOOOOOOOE..OO
o 00000000£.00
S 60491242£.. 00
o 00000000£.. 00
) 04711'26£-03
o 00000000[..00
o 00000000£...00
o 00000000£.00
0.00000000£.. 00
0.00000000£.00
0.00000000£.00
0.00000000£...00
o .OOOOOOOOE.OO
0.00000000£...00
1.9442180£-06
0.00000000£.00
0.00000000£..00
0.00000000£.(10

-).0'7564051:-15

A<:;l:. Molality

Spee:ified SOl"tion ~ity
DENSI't"t 1188.81056561769

3.86445S6S£·01
3.67033634£·01
5.42UO,S3£.00
0.00000000£.00
0.00000000£...00
0.000000001.·00
1.'S1021)1£·00
0.00000000£.00
J .4"U"~"1E.00
0.00000000£.01l
0.000000001:..00
0.00000000£.00
0.00000000£.00
O.OOOOOOOO£~OO
0.00000000£.00
0.00000000£.00
0.00000000£·00
0.00000000[.00
).47561578£.00
0.000000002.00
0.00000000£.00
0.00000000£.00

-1.067"'239£-15

'0':

'::':

-

:.:-.: Solution Para:noeters -...sed on Specified Density
~"7.) SOU1I'I~ VOL 0.)'8808466339423 liters
en 1'DS 293.533\178681819 v/1

Density b&s.d on TDS and ...1:1 solutions 1188.81056561169 9/1
:~5~: Percent rel.tive error ~ t<uCl density O.OOOooOOOOooooooe.ooO ,

-:'."
,':"\
.';:'.~ TUU: or C(lNCDI1'RATIOOS FOR M'IOt S'iS'I'D'l

Molalit.y Activity Act Coef Total Moles; Molarity IlI\iI/liter Descriptor

WATER 8 H8S1E-01 7.18121£-01 0.9354 J 93221E..01 . 9n~7E.·Ol 9S277£·05
NaNp02C03 Is) , 98478£.00 1.00000E.00 1.000 J .47562£.+00 .93914£.00 1469'£·06

N•• , 61001£·00 5.28876£·00 0.9427 J 9S219E+00 5.02251£.. 00 1~466£.OS

CJ- , 60491£·00 S.211411E"00 o. '3428 1 95102£.00 5.01795£.00 77901£·OS

C03'" 2 0020lE-03 S.U857!-OS 2.5967£-02 6 96883£-04. 1.79236£-0) 07~58£.02

';:'; C1
.:.\: C03_

.:.:•.; H2O
t';.:: Na.Np02CO) Ill -",... N.·
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"
HCO', ><ro,. 1 04073E-03 ).85192£-04 0 3701 J.622681;:-04 , 31738£-04 5.68519£.01

",,",:, ",. OR- •.24988&-05 2.31125t-OS 0 5438 1."935£-05 , eOt82E-OS 6. '7098£-01 -6 18E-Oll
ii,': H'p02 (0)> 12-· Np02 (COOI2..• 1.28lJ7t:-06 3,324.4.7£-11. , 5945£.-05 '.46alU-trl 1 14'118£-06 •• 4632"1£-01 • 81E-08
~::,,: Hp02ICOJIJ ... • Np02ICOll ) ..... S .19502£-07 ... 13"'E~16 ., .9692E-10 1.808] 4E-07 • fiS09tE-O? 2.08&U£-01 1.06E_07
,,::,. CQ2Caqi C02Caqi 1.25799£_07 ). 6S269E~O' 2.904 c. ]7S94E-08 1.12625£-07 ".95659£-0] -),39£-01
::.~, "P02CO,. Np02CO]- 1. ))688£-07 2. 431SlE~07 1.819 4:.65356£:-08 1.19688E:-07 ].938<110£-02 1.10£-12......: -,. -,. , .4949IE-O' 1.886)4£-08 1.987 3.JOS12E-09 8.50064[-09 2.2870'£-0] -t.OlE-OB
;....~; H. H. 8.6"54£-J.l ],]9269£·10 3 .913 3 .01779£-11 7.7616<£-11 l' .8229U.06 -1.471:-07
::''.' Np020HfaqJ ~2OHlaql 1.611316£·].0 1.68ll6£-10 1.000 5.115892£-11 1.506119£-10 4. )1052£-05 1. 04£-07

NpCl2(CMI2- Np02 (CHI 2- 6.28105£-U 1.81'27£·13 0.2981 2.186311£-13 5.62J211£·13 .70420£_07 2.H£-07
Na3HlC03 12 .2>00 Tnma 0.00000£.00 1.00000£·00 1.000 0.00000£.00 0.00000£+00 0 00000£·00 -4.1'0£"00

- - N.2C03.~O ~trite 0.00000£.00 1.00000£.. 00 1.000 0,00000£.. 00 0.00000£.00 0 00000£.00 -3.43E.00
~.~: N&2C03.11(20--,"a2C03-Meptll.'tydrate 0.00000£.. 00 1.00000£.00 1.000 0.00000£"'00 O.OOOOOE·OO 0 00000£..00 -3.14£.00.. ; Na2Co3.10K20 "lI.tron 0.00000£... 00 1.00000£·00 1.000 0.00000£.00 0.00000£·00 0 00000£.00 -3.10£·00
;:~:. NoHCO' Nahcolite 0.00000£·00 1.00000£·00 1.000 0.00000£.00 0.00000£.00 0.00000£"'00 -2.29E·00

HaCl Halite O.OOOOOE.OO 1.00000£·00 1.000 0.00000£·00 0.00000£.00 0.00000£.00 -1.2U:-Ol
Na3Np02 lC03 12 Is I_OISABU7LDISMJ.E:O 0.00000£...00 1.00000£.00 1.000 O.OOooOE·OO 0.00000£.00 0.00000£.00 -9.31£·02,.:
NaCfilaq\ • .. to. titrate .base. only O.OOOOOE.OO 0.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£·00 -2.94£.02
Np020t11 &ClOr I ~'-OtI.(&ItIO"1 o .OOOOOE+OO 1.00000£·00 1.MO (I. 00000£.00 O.OOOOOE·OO 0.00000£.00 -3.64£...00
Np02OHla9edi NpC)2OHlaO'edl 0.00000£...00 1.00000r:...OO 1.000 0.00000£.00 tI.OOOOO£.OO 0.00000£·00 -3.05£.00
tfC"lla<:;l . .... ,to titrate .Acid.only 0.00000£·00 0.00000£"00 1.000 0.00000£"00 0.00000£..00 0.00000£.00 -2.49E.02_.

-lOX'IIll(II·I) 10.0620
<. • pH a .looIA1H.. IJ 9.4695
:.'~ OSmotic: Coe!!i.cient- 1.2'1325
.. '~' EqvilibriID ~ ,\) 77 .812131
.':': Ionic Strenatb '.J 5.612011
:;;::. o.nsity: "/0) 1188.81

:.:?' NO'T&S:

;....:
Watf!'r "lI'Olality" is lllOle frll.ction 1120 in aQ\.leous ph..,e
Cas '1IlO1Ality· .and ".ctivity" lire \1as partial pressU%'e$
"Descriptor" IIIl!:lIn$:

-dG/JtTtlnl0 for spec:ie$ with non:z:ero concs. (c:onvergenee criterion}
·SAturAtion In4ex fOl: lIIinel:lI.ls, SIaloql0(ZAP/KspJ
-loc:10(Ac:tivityl fOl: aqueQ\lS species wi.th very 5_11 <:::onc:U'.t.rlLt.i0<'\.5
·loglO(~rtill1 pressurel for gAses

't'otd C;/~ -4.63721298£+03
.'y' F1.shin-; TitrAtion'

• inwnions for b.stch pblJll 23
::~:: 18encblla:k ':'!~tt Problel'l, Iml0 option; Np(V102 with C03 in 5.6l.mo1d NACl f'1o!I' \'2.0
I'.~" D.\.T-'&\$E: HMW'84/FW86; Np(VI-Nll-C03-0H-C1-C104 IN1l94l;
; .':: 95.01.31 Al!I{III)-Na-Cl-CO)-S04-P04 ff1l.SR89,FRF90.P9l R.FF'k92.IU"F94,1UI.F7941
:;~: Prc:ssure. 1.00000£..00 r"l ATM ~r&tU%'.. 2.98£..02 raj Kelvin
,,;::::
:;2;'; E10llD'llental Abundal'lces tor Fla.sh Problem

-
Aq. Molality Aq. Molarity Aq. D;/liter

Sl>eelfied SolutiQr\ Density
otXSIT't 1188.80395005085

'"

1.00171932£.05 ~n
., .9S2'U91It:,,05 O!lyqen
1.15466911£.05 SodiUlll.
O.OOOOOOOOt...OO Pot.uiwn
0,00000000£.00 ~$i~

O.OOOOOOOOE.OO Cakio..:ra
1.11'20171£.05 Chl~ine

0.00000000£..00 S'oIl.fur
4.66741868£"01 Carbon
0.00000000£.00 PoSIOD
O.OOOOOOoot..oo Net;Ion
0.00000000£.00 Air
0.00000000£"'00 BoJ:"Cln

0.00000000£...00 8rClCline
0.000000002;.00 TJ:"AcerEl
0.00000000£..00 ThIIV)
0.00000000£-+00 MI:IIIl
0.00000000£.00 U (v:I1
., .65074233£·01 ~'pIVI

0.00000000£+00 CI04-IELl
0.00000000£.00 Phasph.:lrv.5
0.00000000£.00 Electron
0.00000000£.00 Charge

9.9J'2129lE..01
4.91075822£..01
5.02253469r..OO
O.OOOOOOOOr..OO
0.00000000£.00
0.00000000£+00
5.01565935£.00
0.00000000£...00
3.885953U£-03
O.ODOOOOOO;r;.oO
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£·00
0.00000000';·00
O.OOOOOOOOE.OO
0.00000000£+00
3.2215049Jt:-06
0.00000000£...00
0.00000000£.00
0.00000000£.00

-1. OJJ33521E·1S

1 l1D18496t:.02
5 55211179£.01
5.61001045£·00
0.00000000£... 00
0.00000000£.. 00
0.00000000£...00
5.602J3091E.00
0.00000000£...00
4.34048558£-03
0.00000000£.00
0.00000000£.00
O.OOOOOOOOE"'OO
0.00000000£,,00
0.00000000£+-00
0.00000000£...00
0.00000000£"'00
0.00000000£..00
0.00000000£.00
).60501967£-06
0.00000000£-+00
0.00000000£.00
0.00000000£..00

-1.15420235£-15

3.86695692£.. (11
).61172215£.01
5 42967)41£.00
0.00000000£...00
0.00(100000£.00
0.00000000£.00
1.9513'405£..00
0.00000000£·00
3,41712639£...00
0,00000000£..00
O.OOCOOOOO£...OO

. O. OOOOOOOOE..OO
0.00000000£.00
0.00000000£... 00
0.00000000£.00
0.00000000£.. 00
0.00000000£.00
O. OOOOOOOOE. 00
3.47561511£.00
0.00000000£ 00
0.00000000£ 00
O.OOOOoooot: ao

-4.02021671E-16

Solution Par_toers. C.1ClO1ated
SOLl.1r1e:to)QS5 "62.514079623513
H2O to.SS )(8.316456438668
'l"DS(9/kol 327.855951316366

;.::~

7';:.

}:-": Solution P~amc:ters SlI.sed on Specified Density
:)::~. $OUlflCN VOL 0.389058330100373 liters
~.-::, TtlS 293.523141261063 gIl

;:'.-" o.Nity bas~d on 'TPS and NIlCl solutions 1188.110395005085 gIl
';7': Pe~ce:nt u1Aeive error vs NaCl density 0.000000000000000£.000'
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~".":

-3.65£-10
2.31£-09
4 851:-09

-1 18£-08
1 23E-I:;!

-2 34£-09
-9 88£-09

7 54E-09
1 74£.-06

-4.48E.. 00
-3 22£.00
<!: 9)£..00
-2 89£+00
~2 26£.00
-1.24£-01
-9.3LE.02
-2.94£.02
-3.55£.. 00
-).06£... 00
-2.49£.02

Descripto.rt'>olalitY' ~tivit.y N=.t Coef Total. Moles l'kllarity "'iI/liter

• Jl897b-01 7 78111£-01 O.93S4 1.SlH6E_Ol 4.'69~9£.01 8. 9S~8lE.OS, 978)U·00 1 00000£_00 1.000 ) "7~61£..OO 8.9))00£..00 3 .101497£_06
5 151001fi+00 S.2879st-OO 0.9426 1.95406£,,00 ~ .0225Ji:·OO 1.lSU1£.05
5 1502JJf>-OO 5.2802st.OO 0.9425 1.95138£.00 5. 01~66E:.00 1.77820t·05
J .21515561:-03 8. n095t:-05 2.59153£-02 1.13780£-03 2.924'9£-03 1. 15496£.02
1 0155411~-03 3.94227£-04 0.3700 3.71098£-00 9. S3I!37£-00 5.8200U;.01, 77337£-05 3.68U5'£-OS 0.5040 2.35928£-05 6.015407£-OS 1.03133£.00, 0879n-06 5.4204t:-11 2.5979£-05 7.27272£-07 1.869311:-06 7.27286£_01
1 37733&-06 1.1020lE-15 8.0011£-10 4.79705£-07 1.23309£-06 S.5)751£-01

• 01635£-08 2.J451U-07 2.900 :2.81313£-08 7.23060£-08 3.18217£_03
1 33737E-07 2.43187£..07 1.8111 4.1551127£-08 1.1!n32E-07 3.939815£-02
5 82643£-09 1.1SU4.E-08 1.98S 2.029040£-09 5.21629£-09 1. "'03"'3!:-03
5 UU!iIE-ll 2.12840£-10 3.909 1.8915~~£-11 .... 87471£-11 4.91322£_01
1 644'31;-10 1.6UnE-I0 1.000 5.72955£-11 1.41267£-10 .... 21264£-05, .'67nt:-l:! 2.94!)06r...n 0.2981 ).40912E-1) 8.76250£-13 2.65558£·01
0 00000£·00 1.00000£·00 1.000 0.00000£"00 0.00000£.00 0.00000£.00
0 00000£·00 1.00000£.00 1.000 0.00000£.00 0.00000£.. 00 0.00000£.00
0 00000£·00 1.00000£.00 1.000 0.00000£_00 0.00000£·00 0.00000£_00
0 00000£..00 1 . OOOOot+OO 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£·00 1.00000£+00 1.000 0.00000£+00 0.00000£..00 O.OOOOOE.OO
0.00000£.00 1.00000£·00 1.000 0.00000£+00 0.00000£.00 0.00000£.00
0.00000£+00 1.00000£.00 1.000 O.OOOOOE-OO 0.00000£..00 0.00000£.£10
O. £10000£.00 0.00000£.00 1.000 0.00000£..00 0.00000£..00 0.00000£.00
0.00000£·00 1.00000£.00 1.000 0.00000£...00 0.00000£.00 0.00000£.00
0.00000£·00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£..00 0.00000£.00 1.000 0.00000£.00 0.00000£·00 0.00000£.00

10.2540
9.6719

241U..,
.,1.81T7]3

5.613297
1188. BO

K20 'fo:ll.TD.
N&NpOZCQlIsl Na.'QOZCO)(s)
~. ~.

Cl- Cl-
COl~ CO)~

HCOl- HCOJ-
00- ~-

N'p02CC0312-- Np02CCO)12--
Hp02 (C03 I)"'· Np02(C03IJ..,-
CO2 raql C02laql
Np02C03- Np02COJ-
NpOZ· »;.02.

," li. H·

NpOZOOlaql N'p02OH(aQ)
If;lO'2(OM\2- MpO:l(~12-

Ne.3H(COJ12.ZK20 'I':"cr.a
NaZCO) .H20 '%benllClJlllt.rite
~2C03.7}(20-J'l&2C'OJ-Hepta.'Jydrate
NaZCO) .10H20 Nau:on
N"HCOJ Nal-.colice
NaCl Halite
NaJNp02 (COl12 (s) J)lSA.BLE'D_D1SABLID
N.OHlaq) ,_ .. to.titrat.e.base.only
NW2OHlamorl Np02QHlamorl
Np02C»llaoedl Np020fl(aO'ed)
HCllaql . . . . to. titrate.aeicLOllly

.i,".:

,", pdf. -log[m(H.J J

pH • -loglaeli·l]
. (. Ostl'oOtie Coefficient

£qu.i.l:i.bd...... itH ("1
IoniO' Strength hill
De:n.sity. )(g/l!l3

r."

:~:

....;

.,....

:::::' NOT'ES, _ W/l.ter "'lIIOlality" is mole fraction H2O in aqueou3 phase
' .. <,. Gas "lIIOlality" lind "activity' are 9as parcial pressures
:.;:; "ce3criptor" means:

· ~,:. -dC/RT/lnl0 for species with non~ero cones. ICCtlVlltJ:'genc:e criterionl
...-.., ,',.:: ·s"tuJ:'ation Index for minerals, SI... log10(IAPlKspI

",'.'} "log10lactivityl for aqueous species ....ith YeJ:'Y _11 concentrations
':";:' ·log10lpartial pres$\lrel for goases

':;~::'.

·~·n Tocal GIRT-.. -4.63866284E+03
:;~.:':: "lashing 1'itration • 9
~-;.::! 'invenions for batch pblnl 23
(,;1.. lknchr..:rk TI1"RATE PJ:'ol::llem, 1.0:>10 option; NpIVlo:2 ",1t:h CO) ~ 5.6laolal Nael ~ V2.0
!::}.~ o,..TABoU£: HK'A'S4/,..,,86; NptV}-Na-<o3-oH-CI-Cl04. tNll341;
«;': 9!1.01.)1 AIl>lIIII-Na-Cl-C03-sot-PO<. IFRSR89. FRF'O, 1'91 ,P.f1"R92.RFN4 . RJlFF94 I
:::.~~ Pressure" 1.000001:.. 00 IzJ An'! ~ratur.. 2.98£.02 I-I Kelvin
:-:,~f

:,.'. £l-.ntlll Abt.Indanc:tS for Fluh PJ:'obl_
;j';'....}:: Total Moles .... Molality .... Molarity Aq. rtq/liter

::..:,.
::.~ i ).810S21<18£+01 1.110185154£.02 , 93!i1))70n.Ol 1.00118519£+05 Hydroge.."l
;;~"1 ).157)69708E.Ol 5.55213011£+01 • 97128531£...01 1.95)75832£.05 o.y.,~

. '''.' 5.43147475E.OO 5.61001696£"'00 5 02256990£...00 1.1S.677~7£+05 Sodi=· ;.:.; 0.00000000£.. 00 0.00000000£.00 0 00000000£.00 0.00000000£.00 Pot&.ssilJl:l
'.,~ ': 0.00000000£·00 0.00000000£...00 0 00000000£.00 0.00000000£.00 HaqnesiWII
:..::. 0.00000000£-00 0.00000000£...00 0 00000000£.. 00 0.00000000£.00 Calciu=

· ~...: ~ 1.951900991:·00 5.59865759£·00 5 01240002E.OO 1.77704618£_05 Chlo:C'ine
· ..... ~ 0.000000001:..00 0.00000000£.00 0 00000000£·00 0.00000000£.00 Sulfur
'.;..., 3.477761551:·00 6.18147537£-0) 5 5)"'lsal5.r.:~0) 6.64711398£..01 Cu_
·;:;.~ 0.00000000£·00 0.00000000£.00 0 OOOOOOOOE.OO 0.00000000£..00 ""M.... 0.00000000£·00 0.00000000£.00 0 00000000£..00 0.000000002.00 Heglon
::~2 0.00000000£·00 0.00000000£"'00 0 000000001[+00 O.OOOOOOOOE.OO Air
'':-::. 0.00000000&.00 0.00000000£.00 O.OOOOOOOOE.OO O.OOOOOOOOr..OO BorM
~ :~~.: 0.00000000£.00 0.00000000£.00 0.00000000£.00 0.00000000£.00 a""""'"·,~;;:; 0.00000000£·00 0.00000000£_00 0.00000000£..00 O.OOOOOOOOE.OO Tracer£l

·':::') 0.000000005:·00 O.OOOOOOOOE·OO 0.00000000£...00 0.00000000£.00 TbUVI
.~:; :' 0.00000000£·00 0.00000000£...00 0.00000000£+00 0.00000000£.00 M.(III)

.:- ;::~ 0.00000000£"'00 0.00000000£.. 00 0.00000000£.00 0.00000000£.00 UlVII...•.
). "561S18&·OO 6 .65349238£-06 S. '6S73 175£-06 1 .•1416591E.OO Np(VI

:.'!: 0.00000000£·00 0.00000000£_00 0.00000000£..00 0.00000000£.00 CI04-(ELI..:,.:, 0.00000000£·00 0.00000000£..00 0.00000000£.00 O.OOOOOOOOE.OO Pl\osphonlS
:'} 0.000000001:.00 0.00000000£.00 O.OOOOOOOOr.:_OO 0.00000000£.00 Electron

"', -1.13087115£-15 -3.2U68!t28E-l!> -2.90002915£-15 0.00000000£.00 Chorq....
Solutio" Par~ters. Calculat.ed.

~~~ SOl..UTICtl l'OISS 462.9))810406950 ,..-
H2O tU,SS 348.63732)019311 ,..-

.~ 'Tt>S/q/1tq1 32'7.831780080031 qlkqK20

Specified solution Domsity

DENSI'IY 1188.79460008680 ltg/lilA) . Oil
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Soluti;)fl f'aralllet.ers Based on Specified Densi~

SOur.'IOH VOL O_J89UU49591688 lit:~r~

TDS 293.50859360119. flH

'DensitY' bued em. TDS and Noael solutions 1188. 794U008680 v/1
Peu~.,.t relativt errao: vs HaCl densi'=Y 0.000000000000000£'.000 ,

WPO # 28119
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: :~::

· :.>.:

',';'i

.. ;
':!1

spechs~ Kol..11ty M:tivity 1W:t Coef Total Holes 1101ariry ll'I'jI'/liter

100 w>,.". 31919£-01 1.782U£-01 0.9355 1 9J524E"Ol , .,U61E.01 .952861:·05
s..~2eo;lI.1 sal-:P02COJ Is) 96914£·00 1.00000£.00 1.000 ,.47561£·00 , 9252)&·00 .14209£...06N.· Na.. 6100U·OO 5.28690£.00 0.9(2. 1 95586£·00 , 02257£·00 15<168£.. 05

Cl' <1- 591166E.OO 5.27483&-0000 O.U;22 1 95190£.00 5. 012.0£.. 00 77105£·05CO,· CO,. 06627£-03 1.3150..1£·04 2.S95iE-02 1.16629£-03 4o.53Si6E-OJ .72187£.02
K..'"'OJ. NCO'- 1. 09867!:-OJ 4.0638:9£-04 0.3699 3.83037£-04 9.83623£-04 ,00178£.01

ON· ON- 1.01865£-04 5.54263£-05 0.5U1 3.55U1£-05 9·11981£·05 .S510U·00
Np02 (C03 }2-- N';JC)21C03 )2,,- 3.23222£-06 8.41283£-11 2.6028£-05 1.1.2681£-06 2.89376£-06 J .12586£.00
Np02(C03l3 ...• N;102 IC03 13 ....- 3.2935U-06 2.65024£-15 8.04681:-10 J.l"825£-06 2 .948661;-06 1.32417£.0'
C021aQ"1 C02taql 5.5.H05E-08 J.60691£-07 2.90( 1.92938£-08 ,.95450t-Oe 2. 180UE-03
N'p02C03- Np02C03- 1.33806£-07 2.43236£-07 1.818 4.66498£-08 1,19795£-07 3 . '4192£-02-,. ","",. ).76324£-09 1.45'''£-09 1.982 1.31200£-09 3,36917£-09 '.06.66£-04
H. H. 3.62550£-11 1.41496£-10 ).90) 1.26)98£-11 ),"586£-11 3.2'H50E-08
Np020HlaCil Np020Hlaqi 1.59617£-10 1. 59611t-l0 1.000 5.56486£-11 1,4290)£-10 •. 08781£¥OS
Np02(otfl;· Np02(OHI2- 1.42!il9E-12 4.26U9£-1) 0.2986 4.982i8£-1l 1,27953£-12 :),87777£·01
lia)K/C03 )2.2H20 "'~ 0.00000£.00 :'.00000£.00 1.000 0.00000£.01) O,OOOOOf;.OO 0.00000£·00
Na2eo) ,K20 1'hennonatrite 0.00000£·1)0 1,00000£.00 1.000 0.00000£+00 0.00000£·00 0,00000£·00
lia2CO). 7H20~a2C03-lIeptahydrate O.ooooor;.oo 1.00000£.00 1.000 O. 00000£.00 0.00000£.00 0,00000£.00
Na2CO).10H:20 Natron 0.00000£.00 1. 00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.. 00

HoltCO' Nahcolite 0.00000£..00 1.00000£"00 1.000 0.00000£+00 0.00000£.00 0.00000£.00
Nae1 Halite 0.00000£'+00 1.00000£.00 1.000 0.00000£..00 0.00000£'..00 0.00000£.00
NaJNp021 CO) l2 fs) _D:ISABLErLD:ISABLED 0.00000£.00 1.00000£·00 1.000 0.00000£.. 00 0.00000£.00 0.000002..00
NaOHlaql .. . to. titrate .base . only 0.00000£·00 0.00000£·00 1.000 0.00000£"00 0.00000£·00 O. 00000£..00
N'P02CHle.l!'OtI ~20H(amc":1 0.00000£.00 1.00000£.00 1.000 0.00000£..00 0.00000£.00 0.00000£"00
Np02OHrageO) Np020H (aged) 0.00000£..00 1.00000£.. 00 1.000 0.00000£"00 0.00000£.00 0.00000£.00
HC1IaQI. . '0 titrate.acid.only 0.00000£"00 0.00000£"00 1. 000 O.OOOOOE..OO 0.00000&..00 0.00000&"00

pmH , -l09!IllIH.. )] 10.4406
pH" ·109[aIK.I) 9.8493
O$mOti~ Coefficient.. 1.2408!'3
Equilibrium All '\I 17.824850
Ionic Strength 'm' . 5.615126

DenSity. ...',., 1188.79

Descriptor

-1.77£-10
8.12£·10
1.75£-09

-9.241::-051
5.06£-13

-7.98£-10
-4.95£-09
4.15£-09
9.11£-09

-4.21£.00
-).03£..00
-2. 74£~00
·2.10£.. 00
-2.26£.. 00
-1.25£-01
-9.31£"02
-2.94E"02
-).66£..00
-3.07E..00
-2.49£.. 02

'::"
Water "molality· is mole fraction H2O in aqueous phase
Gas 'ltlCllality" and 'activity' are qas p,a:n:ial pr.ssures
·OItscriptor" _&n$:

°«O/RT/lnlO for specie$ ""itll non:r.ero concs. Iconvergeno=. criterion)
·SAt....ution In6e:x fo:: n.in~&l-s. SI"loql01:IAP/~)

·log10lactivieyl for aq'.>eo\I$ ~cies ""ith very Ultll concantradons
'loql0tpartial pressure} fer gases

· :;.:, Total G/lt"ft -4.64.072873£0-03
';; <: Flashing 'titration. 10
._"' ..... imrersion.$ for batch pb1.lll 22
:1:" 1kr.chalazk !'r.'RA':$ P:r.'oblem. LoOGI0 optiott: NpIV)02 with CO) in S.61zo1al Neel FKr \'2.0
· ~:,i CA,TAMSE: ~8./FW86; Np(VI-Na-CO)-Ci{-Cl-ClOC ("'il).l:
: 1':',C 95.01.31 Aml:I:III ...Na-Cl-COJ-S04-P04 t"FRSR89.F",O. P91.Jl.FTU2."n4, 1UI.FF94 1
· !'~': PrUSlJre" 1.00000£..00 [ .. J A'll( Tsperaturc_ :2.98£+02 [.] Kelvin
))':';

::.':'

· "~',

· 1:.'

Total "ole.

3.81560135£.01
3.61651156£.01
5.H40417U..00
0.00000000£.00
0.00000000£.00
0.00000000£.00
1. '5263769£.00
0.00000000£.00
) .47668'70£000
0.00000000£+00
0.00000000£·00
0.00000000£·00
0.00000000£.00
0.00000000£.00
0,00000000£.00
0,00000000£.00
0.00000000£.00
0.00000000£·00
). 4i~&lS'l8£·OO
0.00000000£.00
0.00000000£.00
0.00000000£·00

-6.72)13167£.16

Aq. Molality

1.11018653£.02
5.5535:2555£.01
5.6100:27281:.00
0.00000000£,,00
0.00000000£·00
0.00000000£.00
5.59343408£.00
0.00000000£,,00
8.80060113£-03
0.00000000£·00
0.00000000£.00
0.00000000£..00
0.00000000£000
0.00000000£.00
0.00000000£.00
0.00000000£..00
0.00000000£..00
0.00000000£"00
1.238i22U,E.-05
0.00000000£.. 00
0.00000000£..00
0.00000000£..00

-1.92587840£-15

Aq. Molarity

93942650£..01
9720)453E..Ol

5.02262026£"00
0.00000000£+00
0.00000000£+00
0.000000001:..00
5.00776448£.00
0.00000000£"00
7 .8791U90£·OJ
0.00000000£..00
0.00000000£.00
O.OOOOOOOOE..OO
0.00000000£+00
0.00000000£·00
0.00000000£.00
0.00000000£"00
0.00000000&·00
O.OOOOOOOOE..OO
1.10901974£-05
0.00000000£"00
0.00000000£.00
0.00000000£.00

-1. 72422617£~15

A,q. lI>9/liur

0011'480£·05 Hydrogen
95495709£+05 OXygen
1546888SE..05 SodiID

0.00000000r.+00 PotassiWJl
O.OOOOOOOOr...OO MalJnl!.Sium
0.00000000£..00 C&lc:i.....
1. 775402'4£..0~ Chlorine
0.00000000£+00 sulfu.r
9 .•6361.091£.01 Carbon
0.00000000£.00 Pc>sIon
O.OOOOOOOOIt.OO Neo;rIon
0.00000000£..00 Air
0.00000000£..00 Boron
0,00000000£..00 IlrllllRi.ne
0,00000000£.00 Tracl!tr£1
0.00000000£.00 Th(Nj

0.00000000£..00 MI:I!!1
0.00000000£.00 U1V:Il
2.62891134E..00 NplVl
0.00000000£.00 CI04-IEL)
0.00000000£..00 PhosphonLS
0.00000000£.00 Electron
0.00000000£.00 Charqe
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: •...
Solution Pu&llWtt.ers. Calculet~

sou,'TICI' H1\S5 '63. 5)213892U5'
H2O ,...ASS )4!L09'609'J54685
n$lql\l91 327.812362913952

., •.• .1 ~ifierl SOlut.ion Der.sity
Dn.-S:n llSS.78161259327

,.

.:,. :

SOlution par_ters Rued on Specified oensity
SOL..t.'"nOO VOL O.JUn202942U27 liters
'n)S 293.488236965687 9/1

Density bossed on '1'tl'S and NiJ.Cl sol\ltions lUIS. 71151259327 0'/1
PlIllfcent relative error vs !i:iilCl de,."'1$ity 0.000000000000000£.000'

.. Species "- ~ol.ality Activity Act Coe! Total )'.o1eo$ Kob.rity r.9/lite:r
.. .
:i'f ..,0 ""= 8 31951£-01 ".'78350£·01 0.9356 1.93178£_01 • 96966£.01 ~:. 95293£.05

. :~.!. NaNp02COJ Is) Na!Q02COllsl 9 95607&000 1.00000£.0.00 I.OOO J .(;561£.00 8 91361£.<.00 .13800£_06
:,3':' ,... N•• S.61003£·00 S.28SJU·OO 0.'421 1 _95843£..00 5.02262£.00 .1S'6n·OS
·1,".,. C1- C1- 5.59143£.00 5.26'"0.£·00 0.9416 1.9S26.£..QO 5.Q0776£.OO .775'0£.05
";: eo" co,. 7.62562£-0) 1. 97880£-0' 2.59U£-02 2.66206£-03 6.82717&-0) .09"3£.02

...-- HCOJ- HC'O]- 1.14291£-0) 4.225J)&-0' 0.31597 ].9898]£-04 1.02324&-03 .2USO£..01

.. ;.. ON- oa- 1.'7379£-0' 8.02242£-05 0.5"3 5.14493£-05 1.31948£-0' .2'4408£..00
'; J} Np021COJ12 __ Np02 (CO] 12:- 4.85191£-06 1.26624£-10 2.6098£-05 1.159]78£-015 4.14]88£-06 .69005£..00

N\:102 lCO) 1)..- Np02(C03)3--- 7.398'75£-015 6.00222£-15 8.1125£-10 2.58286£-015 6.62405E-06 .97469£·00
;.: C02la!;l CO2 (aql 3.97510£-08 1.15435£-07 2.90' 1.38769£-08 3.5588SE-08 .56626£-03

.'::': Np02CO)- Np02CO]- 1.33905£-01 2. .')306£-07 1.817 4.67454£-08 1.19884E-01 .94486£-02

",. NpO,. NpO'. 2.506UF;-09 •. '5882£-09 1.978 8.7'975£-10 2.2'398£-0' .03735£-0'
,;:: a. a. 2..51081£-11 9.71709£-11 3.894 8.76512£-12 2.24792£-11 .26561£-08

',H f','p02OHlaq) Np02OHlaq) 1. 53583£-10 1. 5H8lE-IO 1.000 5.3614.9£-11 1. 37 502£-10 ;. '332'£-05
.:.;-.; !'.'p02 lOH) 2- Np02 (OH) 2- 1.99131£-12 5.9.256£-13 0.2'8' 6.95155£-13 1. 78281£-12 ~ .40300E-07... Na3H!CO) 12 .2H20 TrOM 0.00000£.. 00 1.00000£.00 1.000 0.00000£..00 0.00000£.00 C.OOOOOI;.. OO

N.2CO) .H20 1bennonat;rite O.OOOOOE"OO 1.000001:.00 1.000 0.00000£..00 0.00000£.00 C .000001:.00
.... <. NII2CO). '7H20~a2C03-Heptahydrate 0.00000£.00 1.00000Z.00 1. 000 0.00000£..00 0.00000&.00 C .000001;.00

.;.::.:. Na2CO) .10H20 Natron 0.00000£.00 1.00000£·00 1.000 0.00000£..00 0.00000£.00 t.OOOOO£.OO
,::.. """"'" Nahcolite 0.00000£.00 1.00000£.00 1.000 0.00000£..00 0.00000£.00 C .00000£.00- ':-::: NaC1 Halite 0.00000£.00 1.00000£·00 1.000 0.00000£+00 0.00000£"00 C. 00000.£..00

':.,:; H.3~2 lC0312ls )_tlISAm.ED_DISABLED 0.00000£.00 1.00000£+00 1.000 0.00000£.00 O,OOOOOE·OO C .000001;..00
;',:' NaOHr.q}, . . to. t.itrate.base .on1y 0.00000£.00 0.00000£"00 1.000 0.00000£..00 0.00000£.00 C,00000£.00
'::,:'. Np020ttl aD>Or) Np02OH!~rl 0.00000£.00 1.00000£·00 1.000 0.00000£+-00 0.00000£-0000 C,OOOOO£+-OO

, )",: Np020tUa9ed l NI:102OH (ilgedl 0.00000£.00 1.000001;"00 1.000 0.00000£.00 0.00000£.00 C,OOOOO£.OO
.;; : HC1raql. .'0 titrate acid. only 0.00000£.00 0.00000£"00 1.000 0.00000£.00 0.00000£·00 C.OOOOO£... OO
_. , _.

-log[II'IIH·I] 10.6002
:; ": pIl' -lQ9[alH.j] D.009a
::;. :~ ~tic Coefficient.. 1.2405.32
::':: Eo:t..ili.bd_ Rtf 1\1 17.8)4968
·.'l!: Ionic $t.:re."'Oth '01 . 5.617741

Dalsity. kG/Jr.3 1168.18

Oescrip1:or

-2.23£-08
1.17£-08
3,56£-08

-3.82£-01
2.95£-11

-1,78£-08
-1.28£-0"'1
1.10£-07
2.38£-0"'1

-4.081£.00
-2.85£.00
-2.56£...00
-2.52£..00
-2.25£..00
-1.26£-01
-9.31.£.02
-2,9'£..02
-3.68£.00
-),09£...00
-2."£.02

:.::':':

Wat.er "lIlOlality" is IlIOle fraction H2O in aqueo"s p."I.Ue
Gas 'IIlOLality" and "act.ivity' are 'las partial p:r.s.u.res
·oe:scr.l.ptor· _1l."l.S:

·tt;/RT/ln!O for species 'lith nonzero cor..:::s. lconver9t'nce critericnl
"Saturation Index for IIlinera.ls. Sl.1oql01IAP/XSpI
"loq10Iact.ivityl for aqueous species "it.h very ~U concentrations
"loo10(partial pressurel for <;ases

;: Total G/R'I'- -4.6436'7246£.03
.:~. rlashinq Titrat.ion • 11
,':;' • ~t"Sion.s for batch pblz 22
:'}IBcnehl:lark TITRATE Prob1e::l, U;X;10 option: ~(VI02 "it.h C03 in S.6lalolal NaCI ntt \'2.0
';; ~TAAAS!:, ~4/FW86; No:>IVl-Na-ca3-Cfl-Cl-CI04 Ih1l3tl:
::'2 'S .01 ,31 ,AzI:Ul-Nll-Cl-C03-S04-P04 IFRSR99. FRMO. l'il.ll.1T1t92.RTNt,RRFF9tl

PTe"lIZe_ 1.00000£.00 (,,] A'n! Tenperature_ 2.981:..02 I") Kelvin

.:::

Total Ho1as

) .8821'061£.01
) 690S2248£.01
5 4376999'7£.00
o 00000000£.00
0.00000000£.00
0.00000000£.00
1.9S368155£·00
0.00000000£.0.00
3.''7''8181£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£..00
0,00000000£·00

1..11018171£.02
5.55465070£.01
5.6100.415£·00
0.00000000£.00
0.00000000£...00
0.00000000£.00
5.586013 15£.00
0.00000000£.00
1.252J9828E-02
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00

Aq. Molarity

9 93954996£.01
• 9730'8481:.01
5.022692431:.00
O.OOtlOOOOOI:.OO
o .OOOOOOOOE.OO
O.OOOOOOOOE.OO
5.001177391:.00
0.00000000£.00
1.1212'7662£-02
O.OOOOOOOOE.OO
0.00000000£.00
O. OOOOOOOOE. 00
0.00000000£.00
0.00000000£.00

Aq. Oil/liter

1 00180'724£.OS H)'dr~en

7 '5665918£.05 Oxyven
1.IS47054U..05 SOdiWll
O. 00000000£.00 Pot.~siWII

0.00000000£.00 MagnesiUDI
0.00000000£..00 calciUlll
1. '77 3067'2£.05 Chlorine
0.00000000£"00 S",lf,,:r
1.)46'76535£.02 Carbon
0.00000000£.00 Pos1.on
0.00000000£.00 Ne'}lon
0.00000000£..00 Air
0.00000000£.00 Boron
O.OOOOOOOO!..OO 8ronline
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-
::"

· :: "
.,

.;:
.:.::;:

0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£·00
).4'5615'8£·00
0.00000000£.00
0.00000000£.00
0.00000000£·00

-8.43U'19U:·16

0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£.00
2.)2128943£-05
O.OOOCOOOOE...OO

0.00000000£·00
0.00000000£..00

-2 _'1081366£-15

0.00000000£.00
0.00000000£.00
0.00000000£"00
0.00000000£.00
2.07825866£-05
0.00000000£..00
0:'00000000£.00
0.00000000£.00

-2.l!i8463'4£-15

0.00000000£.00 Tracer£l
0.00000000£.00 TherY}
0.00000000£.. 00 A:IlfIIII
0.00000000£..00 . U!VII.
4.9264.'41&£..00 Np(VI
0.00000000£.00 .P04- fEl.l
0.00000000£.00 Phosphorus
0.00000000£.00 £lect.ron
0.00000000£..00 Charge

SC1utiOf' PIlrUlet.ers. Cal=!f,t.ed
SOLUTION w.ss (U.385150217386
K20 XUS 349.746321!l.!I902
TtlS 10IkOl 327.777080834.729

· :" :

SpK"itied Solution Density
OENSITY 1188.7635l1362",5

.~. :~

SOlution 'u.....eters Based on Specified Density
SOl.lJT100 VOL 0.39064552197790l!l liters
TtlS 293.4.59983409119 gil

~ Densiey bAsed on 7DS and I'.Cl solutions 1188.763531)62.5 011
:;:!. hrc&r.t relative error vs Nocl density 0.000000000000000£.000 ,

.; :::

.if. :

".'.":

<.::::

:.J,

, :.

':.f::
.. ':;

.:.:..

.......

· ,.,~

'-'-

.•.:

","
".,;

Speeies Nall"e Mololity ...etivity Act Coer Total Moles Kolarity IIIl/liter

"'0 WATER 8.31997£-01 7.78UlE-Ol 0.9357 , 94140£..01 4.969il£·01 • 95304£·05
NaNp02C03 1s I NaNp02C03 (s I 9.93i51£·OO 1.00000£.00 1.000 ) .4i561£.OO 8.8970n:.OO ) ,13218£.06
Na· Na. 5.61004£"00 5.28333t.OO 0.9418 1.96209£+00 5.02269£.00 , 154'U.05
C,· C,- 5.58601£.00 5.255'U.OO 0.9409 1.95369£.. 00 5.0011BE..00 1.7i30'.£.05
C03_ CO). 1.12609£-02 2. '2019£·04 2.5931£-02 3.93846£-03 1.00819£-02 6.05009£.02
HC03- HC03- 1.200821t-03 4.4360n-04 0.3694- 4.19981£-04 1. 07~10E-03 6.55992£... 01
OM· OH· 2.07123£-04 1.12610£-04 0.544.7 7.24404£-05 1.8543U-04 3.15380£.00
»p02 CCO) 12_~ Np02(COll2.,- 7.13717£-06 1.86915£-10 2.619i£-05 2.49620£-06 6.38!l93£-06 2.48610£... 00
Np021C'0313 aa- Np02 (C03 13.... - 1.59398.£-05 1.3082l!-14 8.2072£-10 5.5i490£-06 1.42710£-05 6.40814t.OO
C021aql CO2 (aq) 2.96765£-08 8.61856£-08 2.904 1.03i92£-08 2.65695£-08 1.16932£-03
Np02C03- Np02COl- 1.3-'0441:-07 2.43-'Oll-Oi 1. 816 4.68815£-08 1.20010£-07 3.94902£-02""",. """,. 1.70329£-09 3.36086£-09 1. 973 5.95718£-10 1.52496£-09 4. .102851-04
1ip02OHlaql Np020H(1lC;1l 1.<46370£-10 1.46310£·10 1.000 5.11925£-11 1.31046£-10 3.74863£-05
H· H. 1.79163£-11 6.954.241-11 3.882 6.26615£-12 1. 60(05£-11 1.61612£-08
Np02COHI2- Np02 (OHl2- 2.6704.0£-12 7. '6JUE-l) 0.2982 9.33963£-13 2.39082£-12 7 .24565£~07

NaJK(C03 J 2 ,H2O 1To~ 0.00000£.00 1.00000t·OO 1.000 0.00000£.00 0.00000£.00 0.00000£.00
N1l2C03.)(20 'I1le:nnon.atrite 0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
Na2C03.iK20~~C03-Heptahydrate 0.00000£.00 1.00000£.. 00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
Na2C'03.10K20 Nlltron 0.00000£..00 1.000001.. 00 1. 000 0.00000£.00 0.00000£.00 0.00000£.00
....CO) Nahcolite 0.00000£.00 1.00000£.. 00 1.000 0.00000£.00 0.00000£.00 0.00000£...00
NeC' ~lite 0.00000£.00 1.00000£... 00 1.000 0.00000£.00 0.00000£.00 0.00000£.. 00
Na3Np02 (00312 ISI_DISABLED_DISABLED 0.00000£..00 1.00000£.. 00 1.000 0.00000£..00 0.00000£.00 0.00000£.00
NJlCftcaql .. . to. titrllte.~.enly 0.00000£.00 0.00000£,,00 1.000 0.00000£.00 O.OOOQO£...OO 0.00000£.00
NP02Cfoll &6W)r l N;102OH fUlOr I 0.00000£.. 00 1.00000£... 00 1.000 0.00000£.00 0.00000£.00 0.00000£.. 00
t.'p02Cff fa~ l Np02OHf",qedl O.OOOOU·OO 1.00000£·00 1.000 0.00000£..00 0.00000£"00 0.00000£..00
HClfaql •. ... to. titrate••ei<:!.cr..ly 0.00000£,,00 O.OOOOOE·OO 1.000 0.00000£..00 0.00000£"00 0.00000£..00

pIllH - -109!III(H"I) 10.7468
pH • ·109(aO"""I) 10.1518
OPlOo:ie Coef!ieient"' , 24.0021
EquiliUiu= fU( '" " 8(9336
Ionie Str~th ,., 5.621486
Density. kl;/.lCl 1188.76

nes.eriptor

-2.25£-09
4.21£-09
8.72£-09

-9.22£-08
8.14.£-12

-4.25£-09
4.11£-08

-4.53£-08
8.640£-08

-3.89£ 00
-2.68£ 00
-2.39£ 00
-2.35£.00
-2.23£.00
-1.21£-01
-9.31£.02
-2.942.02
-3.10£..00
-3. 11E..OO
-2.50£.02

'..''; ..

Wat.er "lI>Olality' is dOle !raetion K20 in aq..:e~ ilMse
Gas "molality" L'ld. "a.::tivity" are oas P""C'tia1 ~res.u:res

"Descri~tor' _'-"\.$:
"ct::;/RT/ln.l0 for species with nom:ero cones. Iconvergence eriterion}
"Saturaeion IT.oex for minerals. SI"loqlOC!AP/""P1
"l00;lOCaetivity) tor aqueous speeies "10th very s-.ll eoncentrations
·loo;10tpu-tial ~es=e) for qases

• :,:..: Totol G/R"tw -4. 64.7l!l6705£·03
..~:! f'lashin; 'Titration' 12
· :'.;;:' • i.J'rversiol'lS for batch pblJD 22
.:.:~: 1eenc~rJt T'!"!RJ,.'!'E Probl_. LOGI0 option: HplV102 ....ith C03 in 5.6l.molal NoCl nr.- V2.0
••'.: CAT1.BAS£: loM..r8'/PW86; Np(VI-tfo-C03-OH-CI-CI04 (NJCI41:

: )., ~ 95.01.31 A:Il( nIl -Na-Cl-C03-S04. -1'04 (f'RSR89. f'lU"90. p9l.lU'f"R92. JlFF't4.. RJl.F'P'J4.)
.;J: PreslJI,Ire- 1.00000£.. 00 I_I Ant 1'eq:leratvrle" 2.91£.02 (-I Kelvin
Y:':

:;-.::~ £lemental Abundonces for Flash Problell'l

",'

·.'.::.'
':,:,",

".f

'tot.al Molu AQ. Molali,.ty ""- Molarity Aq. aq/liur

) .89315i47£.. 01 1.11018923£..02 , 93971848£.. 01 1.00182f.2lE..OS Hyl1rogen
3.6&623846£..01 S.55624.8;;E..Ol • 97460679£...01 ;.95907238£.05 o.,..~

5.41l2U).)1£.OO 5.61007250£...00 5 02279611£...00 1.15472927£.05 SodiUlll.
O.OOOOOOOOE.OO 0.00000000£.00 0 OOOOOOOOE...OO 0.00000000£...00 Potassium
0.00000000£.00 0.00000000£.00 0 00000000£.. 00 0.00000000£... 00 M.agnesil.UJl
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o 00000000£.. 00
1 95518372£.. 00
o 00000000£..00
3.<fB184647£"00
O.OOOOOOOOE..OO
o 00000000£.. 00
O.OOOOOOOOE... OO
O.OOooOOOOE+OO
0.00000000£.. 00
O.OOOOOOOOE... OO
0.00000000£+00
0.00000000£.. 00
0.00000000£+00
3.47561578£+00
0.00000000£.. 00
0.00000000£ 00
0.00000000£ 00

-1.3203J463£-15

o 00000000£..00
5 57548446£+00
o 00000000£.. 00
1 781146<fB£-02
o 00000000£...00
o 00000000£.. 00
o 00000000£...00
o 00000000£..00
o 00000000£..00
0.00000000£+00
o 00000000£..00
o 00000000£..00
o 00000000£.. 00
4.37690919E-05
o 00000000£.. 00
o 00000000£..00
o OOOOOOOOE... OO

-3.76512199E-15

00000000£..00
.99182884£.. 00

0.00000000£..00
1.59469162£-02
0.00000000£...00
0.00000000£.. 00
0.00000000£...00
0.00000000£..00
0.00000000£+00
0.00000000£..00
0.00000000£..00
O.OOOOOOOOE OO
0.00000000£ 00
3.91872342£-05
0.00000000£ 00
0.00000000£ 00
O.OOOOOOOOE"OO

-3.3709796:2£-15

o 00000000£..00 CalciUlll
1 76975308£ 05 Chlorir'le
o 00000000£ 00 Sulfur
1 91538411£ 02 Carbon
o 00000000£ 00 PosIon
o 00000000£..00 NegIon
o 00000000£+00 Aix-
o OOOOOOOOE OO Box-on
o 00000000£ 00 Bromine
o 00000000£ 00 TracerE1
o OOOOOOOOE"'OO Th(IV)
o 00000000£ 00 Am(IIIl
O.OOOOOOOOE OO U(VIl
9.28926332£..00 Np(V)
0.00000000£..00 C104- (ELl
0.00000000£..00 Phosphorus
0.00000000£ 00 Electron
0.00000000£ 00 Charge

Solution Pa:rameters, Calculated
SOLUTION MASS 465.601420606269
H2O MASS 350.675126352096
TDS(qllr:.q) 327.728674256700

Specified. Solution Density
DD.-SITY 1188.73872346794 Ir:.g/m"3 .. 911

Solutior'l Pa:rameters Based on Specified Den:$ity
.:;;. SOLUTION VOL 0.391676834795082 liters

TDS 293.421218832869 9/1
. ~"'-.

DetlSity based. on TDS ar'Ic:l. NaCl solutiol1S 1188.73872346794 gil
'j:' Percent relative ex-ror vs NaCl density 0.000000000000000£...000 \

;'."; TABU: OF CONCEN'!'RATIONS FOR a...:rCE SYSI'Dl

. 'j'j' Species Naroe

Np02 (00) 2- Np02 (00) 2-

Na3H(C0312 2H20 Trona
Na2C03.H20 Thel:1llOnatrite
Nll.2C03.7H20 Nll.2C03-Heptahydrate
Na2C03.10H20 Natx-on
NaHC03 Nahcoli te
Nll.Cl Halite
Na3Np02 fC03) 2 (s )_DISABLED_DISASLttl
NaOOlaql to.titrll.te.base.only
Np02OHfamor) Np02OH{MlO:r)
Np02OH(aqed) Np02OH(aqedl
HC1(ll.ql. .to titrate.acid.only

-1 42£-09
2 42£-09
5 14£-09

-7 40£-08
6 18£-12

-2 46£-09
3 39£-08

-3.64£-08
7 04£-08

-3 70£ 00
-2 52£ 00
-2 23£ 00
-2 19£+00
-2 20£...00
-1.28£-01
-9.30£+02
-2.94£ 02
-3.73£ 00
-3.13£+00
-2.50£...02

DescriptorMolality Aetivity Act Coef Total Moles Molarity trq/liter

32061£-01 7.78697£-01 0.9359 1.94655£...01 4.96979£..01 .95318£+05
9111"7E...00 1.00000E"00 1.000 3 .47560£+00 8.87364£..00 .12393E...06
61007£+00 5.28057£+00 0.9413 1.96731£.. 00 5.02280£..00 .15473E...05
57548E"'00 5.24002£..00 0.9398 1.95518£..00 4.99183£..00 .76975£... 05
64154E-02 4.254.80£-04. 2.5920E-02 S.75648E--03 1.46970£-02 .81956£..02
27533£-03 4.70618£-04. 0.3690 4.47227£-04 1.14183£-03 96709£...01

2.84255£-04 1.54942E-04 0.5451 9.96812£-05 2.54499£-04 4.32833£...00
1. 03463£-05 2.72515£-10 2.6339£-05 3.62818£-06 9.26320£-06 3.60399£...00
3.32873£-05 2.77756£-14 8.3442£-10 1.16730£-05 2.98027£-05 J .33836£...01
2.29199£-08 6.65707£-08 2.904 8.03744£-09 2.05206£-08 03107£-04
1.34242£-07 2.43528E-07 1.814 4.70755£-08 1.20190£-07 .954.91£-02
1.17432£-09 2.30833£-09 1.966 4.11805£-10 1.05139£-09 .82874£-04
1.38078£-10 1.38078£-10 1.000 4.84205£-11 1.23624£-10 .53631£-05
1.31074£-11 5.06455£-11 3.864 4.59643£-12 1.17353£-11 1.18280£-08
3.46327£-12 1. 03185£-12 0.2979 1.21448£-12 3.10073£-12 .39711£-07
0.00000£...00 1.00000£..00 1.000 0.00000£..00 0.00000£...00 .00000£.. 00
0.00000£..00 1. 00000£.. 00 1.000 0.00000£..00 0.00000£...00 .00000£.. 00
0.00000£..00 1.00000£... 00 1.000 0.00000£..00 O.OOOOOE...OO .00000£.. 00
0.00000£...00 1.00000£...00 1.000 0.00000£+00 0.00000£... 00 .00000£... 00
0.00000£...00 1.00000£+00 1.000 0.00000£...00 O.OOOOOE"'OO . 00000£+00
0.00000£..00 1.00000£.. 00 1.000 0.00000£..00 0.00000£... 00 .00000£... 00
0.00000£..00 1.00000£+00 1.000 0.00000£..00 0.00000£+00 .00000£...00
0.00000£...00 0.00000£...00 1.000 0.00000£...00 O.OOOOOE"'OO .00000£...00
,(J.OOOOO£...OO 1.00000£... 00 1.000 0.00000£..00 0.00000£...00 .00000£...00
0.00000£...00 1.00000£... 00 1.000 0.00000£..00 0.00000£...00 .00000£...00
0.00000£...00 0.00000£+00 1.000 0.00000£..00 0.00000£..00 .00000£...00

10.8825
10.2955

1 239297
77 869707

5.626852
1188.74

Water "molality" is 1J>01e fraction H2O ir'l aqueous phase
Gas "molality" and "activity" are gas pll.x-tial pressu~s

"Descriptor" means:
"dG/RT/1n10 for species with non:z:erc cones. (convex-gence criterionl
·saturation Index for mir'lerals, SI .. 1og10(:rAP/K&p)
·log10(actl.vityl for aqueous specie" with very small eoncentrations
·log10(pa:rtial pressure) for qases

~ '" -loq[lEI(H"ll
pE " -loq(a(H... ) 1
osmotie Coeffieient..
EQuilibrium RH (tl
Ionie Streng-th (m)
Den:$ity, Ir:.g/ln3

NOTES,

H2O WATER

~~2C03 (s) 'N~2C03~:~

Cl- Cl-
C03", C03"
HC03- ac03-
~_ 00-

Np02(C03l2"- Np02IC03l2 .. -
Np02(C03)3 .... - Np02(C03l3""'-
CO2 (ll.ql CO2 (ll.ql
Np02C03- Np02C03-
Np02'" Np02...
Np02OHlll.ql Np02OH(aq)

H" H"

...'.:

'.: \ <'

Total GIRT>.- -4.65384406£...03
Flashing- Titx-ation fl 1.3
• inversior'lS for batch pb1Jll 22

': 1Benchmark TITRATE Prot>lesn, LOG10 optior'l; NplVl02 with C03 in 5.61l1lo1a1 NaC1 FH'I'V2.0
::. OATABAS£: HMW84./FW86; Np(Vl-Na-C03-0H-Cl-C104 1NR94);
:.(. 95.01.31 Aln(III)-Na-Cl-CO)-S04-PQ4 (FRSR89,FRF90.P91.RFFR92,RFF94 RRFF94)

Pressure= 1.00000£..00 {z] Ani ~raturez 2.98£..02 (=1 Kelvin
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Total Moles Aq. Holali ty "". Molarity AQ. mq/liter

3 .90785996£.01 1.11019115£+02 , 93994493£+01 1 00184705£.05 Hydrogen

3 .69438430£.01 5.55851538£+01 , 97674088£.01 7 96248680£+05 "">'9=
5 45034287£.00 5.61012129£+00 5 02294553£+00 1 15476363£+05 Sodium
0 00000000£+00 0.00000000£+00 0 00000000£+00 0 00000000£.00 Potassium
0 00000000£+00 0.00000000£+00 0.00000000£+00 0 00000000£+00 ~qnesium

0 00000000£+00 0.00000000£+00 0.00000000£+00 0 00000000£+00 Calcium
1 95731591£+00 5.56057489E...00 4.97858483£+00 1 76505768£+05 Chlorine:
0 00000000£+00 0.00000000£+00 0.00000000£+00 0 00000000£.00 Sulfur
3 .48449515£.00 2.53082323E-02 2.26593804£-02 2 '71161818£.02 C=bon

0 00000000£.00 0.00000000£.00 0.00000000£.00 O. 00000000£.00 PosIon
0 OOOOOOOOE.OO O.OOOOOOOOE.OO 0.00000000£.00 0 00000000£.00 NegIon

0 00000000£.00 0.00000000£.00 0.00000000£.00 0 00000000£.00 Air
0 OOOOOOOOE.OO O.OOOOOOOOE.OO O.OOOOOOOOE.OO 0 OOOOOOOOE.OO Boron
0.00000000£.00 0.00000000£.00 O.OOOOOOOOE.OO 0 00000000£.00 Brocninoe
0.00000000£.00 O.OOOOOOOOE.OO 0.00000000£.00 0 00000000£.00 TraeerE1

0.00000000£.00 0.00000000£.00 0.00000000£.00 0 00000000£.00 Th(rY)

O.OOOOOOOOE.OO O.OOOOOOOOE.OO O.OOOOOOOOE.OO 0 00000000£.00 .Am(UI)

0.00000000£.00 0.00000000£.00 O.OOOOOOOOE.OO 0 00000000£.00 U(¥1l

3.47561578£.00 8.26620364£-05 7.40103261£-05 1 75440146E.01 Np(Vl
0.00000000£.00 0.00000000£.00 0.00000000£.00 0 00000000£-+00 C104- (ELl
0.00000000£.00 0.00000000£.00 O.OOOOOOOOE.OO 0 00000000£.00 Phosphorus
0.00000000£.00 0.00000000£.00 0.00000000£.00 0 00000000£.00 £leet.ron

-1.25055944£-15 -3.55273740£-15 -3.18089495£-15 0 00000000£.00 Char9 0e

Solut.ion Paramet.lers, Caleulated
SOLU'1'IOO 1'9.SS 467.335943430028
H2O 1'9.SS 351.998839687459
TOS(9/kg) 327.663306631854

Speeified Solution Densit.y
DENSITY 1188.70522197651

''':''';: Solut.ion Paramet.ers Based on Specified Densit.y
'.:'.'; SOLUTION VOL 0.393147043346010 liters
'1,"" TOS 293.3688697260799/1

Density based on TDS and NaCl solutions 1188.70522197651 gIl
~,'7, Percent relative error vs NaC1 d.ensit.y 0.000000000000000£.000 ,

t. ;-', TABLE OF CONCENTilATIONS FOR BATCH SYSTDl.

-

",1('; Cl- Cl-
"'~'~~ C03.. C03-
~..:.~::'.' HC03- HC03-
· -~')':; OH- OH-
'.~'~': Np02IC03l2 .. - Np02{C0312,.-
't.'-':" Np02(C0313.... - Np02lC0313 ... -
''';0', C021aq) CO2 (aql
• ,i"l..? Np02C03- Np02C03-
~ "),' Np02. Np02.
·,H·~ Np020Hlaql Np02OH(aq}
· ,,':: H. H.

t.(O( Np02 (OH12- Np02 10H) 2-
~,(;;: Na3H{C0312 2H20 T7:ona

~:~~ Na2C03,H20 Thermonatrite
'1' Na2C03. 7H20~a2C03-Hept.ahydutf!
)) Na2C03.10K20 Natron
,;' NaHC03 Nahcolite
c'L. NaCl Haliter., Na3Np021C03)2 (s)_DlSABLEP_DISABLEO
~~, NaOH(aql to. t.itrate.base . only
.~:: Np02QHlamorl Np02OH(-.or)
:~; Np02OH(a9ed) Np02OH(a9eO)
';.' HCl(aq), ••.... to titrate.acid.only

pmH .. -log[m{H·}l
'. pH - -log-[a(M.) l

O.smotic Coefficient_
Equilibrium RH (\)

_ IOnJ.c Strengt.h (m)

:t. Density, kq/lll3

10.424.3
1.238276

ii .898521
5.634549

1188. i1

Molality Act.ivity Jl.ct Caef Total Moles Molarity Dl9/lit.er

32153E-Ol 7 78985£-01 0.9361 1 95390£.01 4.96989£·01 8.95336£.05
87386E.00 1 00000£.00 1.000 3 .47559£+00 8.84.042E.00 3 .11224£.06

5.61012&0-00 5 27693£.00 0.9406 1 974,76£.00 5.02295£.00 1.154,76£.05
5.56057£·00 5 21732£.00 0.9383 1.95732£.00 4.97858£.00 1.76506£.05
2.37058£-02 6 13801£-04 2.5892£-02 8.340440£-03 2.12246£-02 1.27367£.03
1. J 6956£-03 5 04583£-04. 0.3684. 4.82083£-04. 1.22622£-03 7.48201£.01
3.82200E-04. 2 08552£-04 0.5457 1.34534£-04 3.42198£-04 5.81986£.00
1,48219£-05 3 9)404,£-10 2.6542£-05 5.21729£-06 1.32706£-05 5.16313E.00
6.77047E-05 5.78U.2£-14 8.5436£-10 2.38320£-05 6.06184£-05 2.72222E.Ol
1.82542£-08 5.30275£-08 2.905 6.42544.£-09 1.63436E-08 7.19279£-04
1.34522£-07 2.43696£-07 1.812 4.73516£-08 1.20442£-07 3. 96323E-02
8.18986£-10 1.60121£-09 1. 955 2.88282£-10 7.33267£-10 1.97283£-04
1.28920£-10 1.28920£-10 1.000 4.53797£-11 1.15427£-10 3.30183£-05
9.80463£-12 3.76405£-11 3.839 3. 45122£~12 8.77844£-12 8. 84779E-09
4.35852£-12 1.29676£-12 0.2975 1.53420£-12 3.90234'£-12 1.18265£-06
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£+00 O.OOOOOE.OO
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
O.OOOOOE.OO 1.00000E+00 1.000 0.00000£+00 0.00000£...00 0.00000£"'00
0.00000£.00 1.00000:£.00 1.000 0.00000:£+00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£+00 1.000 0.00000£.00 0.00000£.00 0.00000£+00
0.00000£.00 0.00000£.00 1.000 0.00000£+00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£+00 0.00000£.00 0.00000£.00
0.00000£+00 0.00000£.00 1.000 0.00000£.00 O.OOOOOE.OO 0.00000"£.00

11. 0086

Descriptor

-1.17:£-09
1.59£-09
3.46£-09

-6.83£-08
5.31£-12

-1.64E-09
3.16£-08

-3.32£-08
6.48£-08

-3.51£.00
-2.36£.00
-2.07£.00
-2.03£.00
-2.17£.00
-1.31£-01
-9.30£.02
-2.94£.02
-3.76£.00
-3.16£.00
-2.50£.02

NOTES, Water "molality" is mole fraction H2O in aqueous phase
Gas "molalit.y· and "activity" are 9a5 part.ial pressures
"Descriptor" mean.s,
-():;;/RT/1nl0 for Spe(:ies with nonzero cones. lconverg-ence criterion)
+Saturation Index for rt'Ii.nerals, SI.log-10(IAP/Ksp}
·log-lO{aetivity} for aqueous species with very slllall concentrations
-log10{partial pressure) for 9ases
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-..

::;~ .
• :::..: Total GIRT': -4.66236092£+03
'::. Flashinl: Tit.rauon • 14
: :-;::: , inversions for batch pbltn 22
·~.F llSenchmark TI'I'IlATE Problem. LOG10 OI'tion; Nl:>IV)02 with CO) in 5.6lDolal Hacl fMT V2.0
• :'.::' I».T~!:: HHW84/FW86; Np{VI-Ne.-C03-oH-CI-CI04 (NR94);
~.::::: 95.01.31 AlnfIIII-Na-Cl-C03-S04-P04 IFRSR89. FRF90. P91.RFFR92.Rf'F94.RRFF94)
<':~'; Pressures l.OOOOOE.OO (=} Ant Tsperaturro: 2.98£...02 (21:) X~lvin

':: ::;: Ele:w:ntal Abundances for Flash Problem

wpo # 28119
November 17. 1995

Paee 165

Si'ec:i.fied Solution Density
D~SI'IY 1188.66091947601 kel/m"'3 .. gIl

Solution ParA:Det.ers, C&lculaeecl
SOLUTIQ<J MASS 469.810029265032
H2O MASS J53.885368'68197
'I'DS(qlkgt 327.516868460594-

"i':')

·: :~."

·:.,":.

.:"
· ;:.~:;

:1''''>"

;:· ... i·
~> :'

.::-::;
·r;··

.:;:;.'

::S·;

,!';'-.

: ,:".: ~.

'.:::.f

· re;.

::-~..
.:;"::

'Total Moles

3.92881252S"01
3,70599297£+01
5." 60930751::.00
0.00000000£... 00
0.00000000£.. 00
o.OOOOOOOOg OO
1,96035450£ 00
0.00000000£,·00
).48826979E... OO
0.00000000£.00
0.00000000£.00
0.00000000£.00
O.OOOOOOOOE.OO
0.00000000£_00
o.OOOOOOOOE OO
o.00000000£ 00
O.OOOOOOOOE"'OO
o.00000000£... 00
3.47561578£..-00
0.00000000£+00
0.00000000£... 00
0.00000000£"'00

-8.000056'8E-16

AQ. Molality

1. 11019354£... 02
5.561'12351E+01
5.61020635£+00
0.00000000£"'00
0.00000000£... 00
0.000000001:"'00
5.53951836£+00
0.00000000£+00
J.591:27333E-02
O.OOOOOOOOE... OO
0.00000000£+00
0.00000000£+00
0.00000000£+00
0.00000000£+00
0.00000000£..-00
0.00000000£..-00
0.00000000c:.00
0.00000000£·00
1.55346593£-04
0.00000000£+00
0.00000000£ 00
o.00000000£ 00

-2. 26063508E-15

Aq. Molarity

9. 9 to:2.;3 0 !tE... 01
4.97975186£.01
5.023161521:... 00
0.00000000£+00
0.00000000£+00
0.00000000£+00
4.95987023£+00
0.00000000£"'00
3.21548107E-02
O. OOOOOOOO~-OO
O.OOOOOOOOE... OO
O.OOOOOOOOE+OO
0.00000000£·00
0.00000000£+00
O.OOOOOOOOE:+OO
0.00000000£...00
O.OOOOOOOOE.OO
O.OOOOOOOOE.OO
1.39091324£-04
0.00000000£+00
0.00000000[·00
0.00000000£·00

-2.02408511E-15

""....""....
9/kgH20

Aq. ~/liter

1.00187710£.05
7.96730419£+05
1.15481328£"'05
O,OOOOOOOOE+OO
0.00000000£+00
0.00000000£.00
1.75842279E:+05
0.00000000&+00
3.86212152£+02
0.00000000£+00
0.00000000£+00
O. OOOOOOOO~-OO
0.00000000£+00
0.00000000£.00
0.00000000£.00
0.00000000£...00
0.00000000£·00
0.00000000£... 00
3.29713479£+01
0.00000000£+00
0.00000000[+00
0.00000000£·00
O.OOOOOOOOE+OO

Hydr0gen
OXyqen
Sod.ium
potassium
Magnesium

Calcium
Chlorine
Sulfur
Carbon
Poslon
N~Ion

Air
Bororl
Bromine
'I'racerE1
Th{N)

A:n(IIII
U(VI)

NpfV)
C1()4- (a}

Pho.spbQrus
£lectron
Charge

.:,;. ~j '"

:U:::
~ :-f ,';
· : :-,~

"; :.;
'~:':;

· !:? ~

:";'l'

:::""!'

<:::,";,

:~<'':

~ :~f:_;

< ::: :;.~

: ;':: ~

'. :; =~ .2

..::,~: :

.!,~;'

:~. ::-::
.:"-.....
:::?:;
';::';j

· ~ ~';~,

''':,:;'.

· .,:, ; ~

·.).~:

'!::J
, :::".~'

'~. ,:~

: '" ~~

)'$
.,.,-..... , " ..~.

~)

Solut-ion Par&neters Based on specified DetlSity
SOLUTION VOL 0.395243102189405 lit-en
1'OS 293.299643066972 <;/1

Density based on 1'OS and NaCl solut.ions 1188.66091947607 gIl
Percent. relative error vs Na.C! density 0.000000000000000£+000 ,

'I'A8LE. OF CClNCENI'RATICNS FOR BATCH S'lS'tDl:

Species Name Molality Aet.iviey 1\ct Coef Total Moles MOlarity ~,/lit~r

H2O W>,T£R 8.32282.£-01 7.19391E-01 0.9365 1.516437£.01 4.97003£+01 8.95361£+05
NANp02C03(Sl NaNp02C03 Is) 9. 8:211~E.+OO 1.00000£+00 1.000 3.47556£+00 8.79348&+00 3.09571£+06N.- N.- s.61021E"'OO 5.27:230£·00 0.9398 1 :98537£.00 5.02316£+00 1.15481£+05
Cl- Cl- S.53952£.00 5.18493£+00 0.9360 L '6035£.00 4. '5987£+00 1 75842£+05
C03: C03- J .39812£-02 8.78458£-04 2. S851~-02 1.20255£-02 3.04255E-02 1.82581£+03
HC03- HC03- 1.481572£-03 5.4'4158£-04 0.31576 5.26128£-04 1.33115£-03 8 12230£+01
CH- OH- ~.04619E-04 :2.75741£-04 0.5464 1.78577£-04 4.51816£-04 7 68417£+00
Np02(C0312-- Np02(C03J2-- 2.10028£-05 5.63525£-10 2.68311:-05 1.43260£-06 1.88051£-05 7 31643£.00
NpO:2(COJ»).·- Np02IC0313·-- 1.342:08£-04 L 185841:-13 8.8359£-10 4.7(943£-05 1.20165£-04 5 39629£+01
CO2 (aQI C02c.e.Q) 1. 494 88E-08 4.34356£-08 2.906 5.29018£-09 1.33846£-08 5 8'O~4E-04

Np02CO)- Np02C03- 1.349115E-07 2.4J'lOE-07 1.808 4.77447£-08 1.20798£-07 3 97494£-0:2
Np02_ Np02. 5.77122£-10 1.11979£-09 1. '40 2. 0423 ~E-I0 5,16733£-10 1 39025E-04
JIlP020tf (aq) Np020HlaQ) 1.19205t-10 1.19205£-10 1.000 4.21850£-11 1.06732£-10 3 05311£-05
H. H_ 7.48733£-12 2.84836£-11 3.804 2.64966£-12 6.70386£-12 6 75682£-09
t.lXJ2 (OM) 2- N'p021OH12- 5.3J!t52£-12 1.58534£-1:2 0.2969 1.88958E-12 4.78080£-12 1 44888£-06
Na3H{C03 ,2 .2K20 Trona 0.00000£+00 1.00000[... 00 1.000 0.00000£+00 0.00000£....00 o 00000£-00
Na2C03.H20 'I'he~trite 0.00000£.00 1 .00000£.00 1.000 0.000002+00 0.00000£... 00 o OOOOOE... OO
Na4!C03. 7JQO__Na2COJ -Heptahydrat~ 0.00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£·00 o OOOOOE.OO
Na2COJ .10K20 N.e.tron 0.00000£..-00 1.00000£.00 1.000 0.00000£·00 0.00000£+00 o DOOOOE.OO
NaHC03 Nahcolite 0.00000£+00 1.00000£... 00 1.000 0.00000£·00 0.00000£-00 o 00000£+00
NaCl Halite 0.00000£..-00 1.00000E·00 1.000 0.00000£+00 0.00000£+00 o 00000£+00
Na3Np02(C03):2(sl_OISABLED_DlSABLEP O.OOOOOE... OO 1.00000£+00 1.000 0.00000£·00 0.00000£... 00 o 00000£+00
NaOIUaq} ...... too. tit.l;"&te .base.only 0.00000£...00 0.00000£·00 1.000 0.00000£+00 0.00000£... 00 o 00000£.00
Np020K(UIOt'I Np020H (mnor) 0.00000£·00 1.00000£... 00 1.000 o . 00000£.00 0.00000£·00 o 00000£.00
NpCl20H cage<!' Np020H (aged) 0.00000£+00 1.00000£+00 1.000 0.00000£·00 0.00000£... 00 o 00000£+00
HCl'aq) ....... to.tit.rate.acid.onlY 0.00000£+00 O.OOOOOE·OO 1.000 o.00000£.00 0.00000£·00 o 00000£+00

pe'IH & -l00{mfH.,) . 11.125'1
pH = -l09(_(K.)J . 10.5454
OSlnOt.ic Coefficient'" 1.236838
Equilibriwa JUi (\) ,. 77.939147
Ionic strength (ml = 5.645593

'. ,
'"'' ..........

Descriptor

-1.22£-09
1.18E-09
:2 .62E-0'

-i .17E-08
5.29E-12

-1.25£-09
3.27£-08

-3.39£-08
6.61£-08

-3.32£.00
-:2.20£+00
-1.91£... 00
-1.87£·00
-2.14£+00
-1.34£-01
-9.30£·02
-:2 .93£+02
-3.79E.+00
-3.20£+00
-2.50£+02

..."..",

>••

\.
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1U8.66

Water 'molality' is mole fraction H2O in aqueous phase
Gas "1IlO1&lity' ~ "act.ivity" are vas partial pressures
"Descripeor" _atl.S:
'dG/RT/lnlO for $lle<=ies with non::!.t!ro eones. lecm.oe%'9er1ce crieerion!
·S.eu.raeion :tn&!lX for ainerah. SI=1oql0IU"KspI
·loql0(activity) for a:l\I.eous .species with~ s-.l1 concentrations
"10l;l10lpareial pressurel for oases

.:2:' Tot.al GIRTs -(.674U6U£"0)
~"':" nashing Tier... t:l.on • 15

• inversions for batch pblJn 22
'.::) 1&en.ehmark Tl'1'RAtt Problar1, LCG10 option: Np(V)02 with C03 in 5.61Jnolal NaC1 nrr \'2.0

. :', DATABAS£, llt1WU/FW86; Np(VI-Na-C03-OH-C1-C104 (NR941:
9S . 01 .) 1 AtIII HI )-Na-Cl-COJ -$04.-»04 If'RSIl89. F'RF90. P91. RFFR92. RFf',4 .1UI.FF941

:.:::. Pressure. 1.00000£..00 1"1 An! ~rat.'Ilre" 2.98£.02 1"1 Kelvin
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-

"
- -.-.:

'.,;';

-." ;,

".'

.~: '.

£le:.>ent.al~ for f'1&.Sh Protlle:a

Tot.. l I'loles Aq.KOlality ,... Molarity A,q. mg/liter

9S86720n..Ol 1 11019'49£.. 02 ,. '4062599£.01 1 00191569£.05 -.72253652£...01 S 566240916£+01 ... U398JJ5E.Ol , 91407033£·05 Oxyv~

.41601956£.00 5.61035.35£...00 5.02347422£+00 1.15.88517£·05 SodiUlll

00000000£.·00 0.00000000£+00 0.00000000£+00 0 00000000£.00 Pot.ssiYlZl
00000000£·00 0.00000000£+00 0.00000000£"00 0 00000000£+00 HagnesiUlll
00000000£.00 0.00000000£.00 0.00000000£+00 0 00000000£.00 C• .lci\llll
96468<180£.00 S.S09U154E.OO ... 9JJ 52227£.00 1.7U08U5t.OS Chlorine

0.00000000£·00 0.00000000£...00 0.00000000£.00 0.00000000£..00 Sulfur
J. "936(905£·00 5.0861817)£-02 ".55413)52£-02 5 .46"6977£.02 e.rt>on
0.00000000£.00 0.00000000£"00 0.00000000£"00 O. (10000000£..00 Poslon
0.00000000£.00 0.00000000£..00 0.00000000£"'00 0.00000000£·00 );eglon

0.00000000£.. 00 0.00000000£"00 0.00000000£.00 0.00000000£·00 Ai<
0.00000000£·00 0.00000000£"'00 0.00000000£..00 0.00000000£...00 80~

0.00000000£·00 0.00000000£.00 0.00000000£...00 0.00000000£.00 .,,,,,,d_
0.00000000£.00 0.00000000£... 00 0.00000000£.00 0.00000000£...00 Traee.rEl
0.00000000£.00 0.00000000[,...00 0.00000000£... 00 0.00000000£... 00 Th(N)

O.OOOOOOOOt...OO 0.00000000£...00 0.00000000£... 00 O.OOOOOOOOE.OO A1n(UI)

0.00000000£... 00 0.00000000£"'00 0.00000000£..00 0.00000000£..00 U(VI)

).47561578£.00 2.881024'8£-04 2.57965074£-04 6.11501564£.01 Np(V)

0.00000000(..00 0.00000000£..00 0.00000000£..00 0.00000000£...00 Cl04-U:I.l
0.00000000£·00 0.00000000'£..00 0.00000000£...00 0.00000000£.00 ,-= ~.

0.00000000£..00 0.00000000£..00 0.00000000£.00 0.000000001:...00 Electron
-1.86120143£-15 -5.22528UO£-15 -4.678U728£-15 0.000000001:..00 eba<vo

SOlution 'arUleters Boased on .5peeifio:d Density
.5ClU1t'I0ti VOL 0.39823166654.9681 liters
'!"OS 293.210437350984 gIl-~ ~'.

SOlution PUUlett!rS. Ca1cu.laeed
so:.:JI"I~ KnSS (7).)3t6U5)J635
H2O w.ss )56.574003417592
1'DSlg/kQ'1 327.4.65491025424

Specified Solution IMzuity
D~SI'I'Y 1188.60383111845 k'iil!m"3 .. gIl

-...

,.;. Dens;ity based on TDS a.nct );aCl solutions 1188.60383111845 OIl
.~. J'oe=en:. relaeive error V$ :u...cl density 0.0000000000000001;..000'

.. ~,. TABL£ OF CCH:'Dn'RATIONS FOR a1I.TCH S'iS'TEH,

Species Name: Molaliey )l.ceiviey Act Caef Total Moles Molarity Ill'iiI/liecr

1110 WA'l"EIl 8.32465£-01 7.79962£-01 0.9369 1. 97930£..01 4.9702U:..Ol 8.95393£...05
:o'a."PQ2C03 Is) NaNp02COJ Is) '.74696£..00 1.00000£"00 1.000 ).47551£.00 fl. "12736£..00 J .072(3E.06.... ... 5.61035£..00 5.26665£..00 0.9387 2.00051£..00 5.02347£.00 1.154891:..05

el· CI- S.50989£..00 5.lJ8!n;.00 0.9327 1.964681:.00 (.9))52£.00 1.7'908£.05CO,· CO,. (.8397U:-02 1.2f807E-03 2.5188£-02 1.72571E-02 ( .))344.£-02 2.60046£"03
HCO)- ""',- 1.63010£-03 5.97114.£-04. 0.)663 5.8125lE-O( . 1.45958£-03 11.90593£..01
OM· CH· 6.55391£-04 3.587921:-04. 0.5474 2:.3)698£-04 5.868391:-04 9.98054.£.00
Np02fC0312__ Np02IC0312 ..- 2.94209£-05 8.014.87£-10 2.7242£-05 1.04907£-05 2.63433£-05 1.02493£... 01
Np02fC03)3··- Hp02IC0313 .... - 2.58546£-04. 2.39623£-13 9.2681£-10 9.21906£-05 2.31500£-04 1.0J'5U...02
Np02C03- Np02COJ- 1.35468£-07 2.44172£-01 1.802 4.83043£-08 1.21.291£-07 3.99135£-02
C021aq) CO2 (aq) 1.25(92£-08 3.64751£-08 2.907 4.47472£-0' 1.123651:-08 (.94515£-04.•"". N,,,,,• 4 .11022£-10 7.89015£-10 1. 920 1.46560£-10 3.68027£-10 9.90165£-05
Np020Hlaq) Np02OHlaq} 1.09291£-10 1.09291£-10 1.000 3.89705£-11 9.78589£-11 2.79929£·0!N. H' 5.83272£-12 2.190641:-11 3.756 2.07980£-12 5.22258&-12 5.26384E-0'
Np02(OHI2- Np02fOH12- 6.38945£-12 1.89128£-12 0.2960 2.27831£-12 5.72107&-12 1. "13381.£-06
Na)HIC'Ol)2.2K20 T<o~ 0.00000£..00 1.00000&...00 1.000 0.00000£.. 00 0.00000&·00 0.00000&...00
Na2COJ.H20 n;enlOnlltrite 0.00000£..00 1.00000£..00 1.000 0.00000&"00 0.00000£..00 0.00000£.00
Ma2ec3.7H20__N&2C03-Heptahydraee 0.00000£.. 00 1.00000&.. 00 1.000 0.00000£.00 0.00000£...00 0.00000£.00
M&2C03.10H20 );aeron O.OOOOOZ"'OO 1.00000£...00 1.000 0.00000£...00 0.00000&..00 0.00000£..00

N4NCQ' Na.l:u:oli te 0.00000£.00 1.00000£'..00 1.000 0.00000£..00 0.00000£..00 0.00000£...00
~Cl Malite 0.00000£.00 1.000001:...00 1.000 0.00000£'.00 0.00000£"'00 0.00000&...00
Na)Np02IC03)2(s)_OlSABI.ED_Dl~LED 0.00000£..00 1.00000&·00 1.000 0.00000£"'00 0.00000£..00 0.00000£·00
NaOH(aql ... .. to. eitrate.base.only 0.00000£...00 0.00000&.. 00 1.000 0.00000£·00 0.00000£·00 O. OOOOO£,. 00

Descriptor

-1.54£-09
9.68£-10
2.10E-09
6.09£·12

-8.67£-08
-1.07£-09

3.69£-08
-) .80£-08
7.50£-08

-3.1.31:.00
-2.05&..00
-1.761:.00
-1.72£.00
-2.10£..00
-1.38£-01
-9 .30~.02

-2.93'£... 02
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-.
N;:102OH 1poor I N;;102OH I uoor J

, .• NpOOOHl6gll'di ~OH{6gedJ

.. HCl t~1 . .. .. to. t.itrate..acid.only

0.00000£.. 00
0.00000£.00
0_ ooooor;.oo

1.00000£,,00
1.000001·00
O.OOOOOE.. OO

1.000
1.000
1.000

0.00000£.00
0.00000£+00
0.00000£.00

0.00000£.00
0.00000£.00
0.00000£.00

o 00000£.00
o 00000£.00
o 00000£.00

-).8)£.00
-3.23£+00
-2.50£·0;<

::": pft(. -log(Ill(H.. 11
.-.!. ~ • -loolaCH.1l
'-.', OStDotic Coef!icient_

tQ\.lilit=riua ItH nl
Jo."'l:e 5U'~eh I_I

, .•. D!:lM.$ity. Itg/lrll

10.6594
1.234823

71.9%ln
5.661'25

11Sa.60

1l.2,J4.l

. ".:

NOTES· _ ".eer °'ll\Olality" is rrcle fr.ction 100 in aq,leo-.a pha$e
- G&s °fl\Olal1.ty· and. ·llctivi~· are 9&S partial pre"lN~.s

'l)escriptor" lllean:l:

·~/R'VlnlO for $pecies wit.h ncm:ero cones. (eonvergence criterion)
°sat..:raeion Index for mnerals. SI~10910(lAJ'/K$p)

·loqlO(activityi for &q'I.IC::l'lS speeies ",it.h very saaU c:oneerlI:rations
"log10Ipa:tti.l pressure) for gases

-

Total G/ItT'- -4.6911'003£+03
.;;.~ TInA'!'£ til'" na:ne is Ul:lst:RJ>J!lB FY.T.US&RGUIDEI""JOoC1._l\,~_LoOG.TITJU,'!'£;l

~;. -: 1«:lt..£S tHe na:ae .is U1: 1SCBP.liB fY.1'.llSl:RGtnD£Ir."P,JV.CL_8."LLOG .HOLLS: 1
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Appendix 0: Sample Output File "Np_NaCI_BM_LIN.OUT"

See Table 27 for explanatioDof this listing.

tNPl1l' file nallIe J.5 Ul, [SCBABB. fl!:T . USDGUIDl:]""P_w.e:L_!lH_LIN. IN; 1
~ :o«::;t,I£S$ file name .1.5 tn'ISCBA!lB.fY.I'.USE:ftGUII)£)""P_JQCt._~_W::W.D«OUESS;l

CX1t'l"IJT file nalI'Ie J.S Ul: ISCBABB. fY.I'. CSERGUIDEJ NP_AACL_lS)Lt.:nt .OUT:::!
.; ~'T file name is Ul: r5CWm.nrr.USERCUIOE]nrt'_KMioi'_NJlJo)t.CHOmo'T;1
~rat~re is Narc! Coded as 298.15K
aenc:lwnark TI"1'RATE Problem. l.D,"'£)JI. opt:l.on; NplVl02 ...it.h CO) i:l. S.6l11lo111.1 Nll.Cl nrr V2.0
~TABAS£: HtMS4,n.'86; Np (VI-Na-<OJ-Cli-Cl-ClOf. (NRU);
!IS. 01. Jl AIIleII:I) -Na-Cl-C03 -$04-P04 (!'R5J!JI!I. ntF90. pn, 1UT1I.92. RFFS4. RRFY94)
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~ ................•.. , .......................................................................................•....•.................
••• £C)IO PRINT Of' ·~T· FrLE WCULD liE HERE: •••

SEE APP!20U J

TI,,""TICH Probll!:lll"
_, UsiQ"l'linQ all delca(yl to 0.1 III
_I Setting. of node.5 in Y-direeeion to

:." -) Setting~ Porosit.y t.o 0.0

:!~ Specifying VARIABLE POROSIT1 for 'I'I'IlIATICH Prcblan

':-:

J\queo\S$ Density is a Function of C~siticn

; ~I RHOKIN file name is U1: ISCB1\BB.FMT.USERGUrDElF'MT_HHW-""'_AM.RHOMIN;l

,. i .

••• TABLE OF JoaNERAL DENSITIES. XGfMAJ WOULD !I~ K£lU: ...
SEE APPENDIX L

.," ..
GRID 81.OCJC VOUlMES. in Ii t.en

1 .OOE.OO 1.00£+00 1 OOE+OO 1.00£.00 1.00£+00 1.00£+00 1.00£+00 1.00£.00 1.00£.00 1.00£+00 1.00£+00 1.001:+00 1.00£+00
-' 1.00£+00 1.00£.. 00

!. =; 1.00£.00!, 1.00£+00
001:.00 1.00£.00 1.00E..00 1.00£.00 1.00£.00 1.00£.00 1.00£.00 1.00E.00 1.00£..00 1.00£.00 1.00£+00 1.00£.00

00£+00

.:<' 1.00£+00 1.00E+00 1.00£.00 1.00£.00 1.00E.00 1.00E·00 1.00£+00 1.00E+00 1.00£.00 1.00£.00 1..00£·00 1.00£+00 1.00E+00
..:.: 1 00£+00 1.00£.00

~': • inversions for bat.ch pblJa 50
~: 18e:nc:'hlr.ark TI~n: Probll!:D. !.D."'EAR option; Np(VI02 wit.b CO) irI S.6lmola1 };&C1 F'MT \.'2.0
"':; tlATA8AS£: ~tJI'"W86; NpIV}-Na-coJ-oH-cI-CIOC INR9U;
.... 95.01.31 AmlYlII-Na-Cl-C03-SQ4-POC (l'RSR".~0.P91.1lFF1l.92.unt.ltR.FMtl
;., ~e$sure->' 1.00000£+00 I-J ATH ~rat\l.t'~. 2.,8:t.02 ("'I Kelvin
~.'

::;- E.l~u.l ~es for Flash Problem
',:
~~ Toul Holes ..,. )klla.lity ..,. Molarity AI;. IJQ f li ter
:.:"
;!' .1l017363!;.·02 1 11029658£.02 1.001003lt£·02 1.00891107£.OS H)"drcqell.
.- .15086815£.01 , 151St,3n:.Ol S.SU01381£.. 01 •. 17321944£..05 Oxyv=
.::~ S.61000000£..00 S.61062129£..00 5.05833276£.00 1.162.9907£·05 SOdi_

'~~ 0.00000000£+00 0.00000000[... 00 0.00000000[...00 0.00000000£..00 PotASsiUlll
C· 0.00000000£..00 0.00000000£..00 0.00000000£·00 0.00000000£..00 Kag:ne.siUll'l
c, 0.00000000£..00 0.00000000£..00 0.00000000£..00 0.00000000£..00 CAlcium
~.; 1.61000000£..00 1.61017630£..00 1.tS16763U..00 5. UU3SlIE.Ot Chlorine
-;;k~ 0.00000000£.00 0.00000000£.00 0.000000001:,,00 0.00000000£.00 Sulfur

';': 2.00000001£.00 2.00012150£.00 1.80332719£.00 2.16S97629£.O.f, C~
~:: 0.00000000£.00 0.00000000£.00 0.00000000£.00 0.00000000£.00 PosI=
«: 0.00000000£.00 O.OOOOOOOOE.OO 0.00000000£..00 0.00000000£.. 00 ....,,=
f: 0.00000000£.00 0.00000000£..00 0.00000000£·00 0.00000000£.00 Air
t'!' 0.00000000£.00 0.00000000£..00 0.00000000£.00 0.00000000£.00 80<=
." 0.00000000£.00 0.00000000£.00 0.00000000£·00 0.00000000£..00 8rOllline
>' 0.00000000£..00 0.00000000£..00 0.00000000£.00 0.00000000£..00 TraeerEl

0.00000000£.00 0.00000000£.00 0.00000000£.00 0.00000000£..00 ThfIVl
.< 0.00000000£..00 0.00000000£..00 0.000000001:.00 0.00000000£..00 AmI II II
;::: 0.00000000£..00 0.00000000£..00 0.00000000£·00 0.00000000£..00 U(VII
,- 0.00000000£..00 0.00000000£..00 0.00000000'£·00 O.OOOOOOOOE..OO NplVl
'!:; 0.00000000£.00 O.OOOOOOOOE.. OO 0.00000000£·00 0.00000000£..00 Cl04-IELl

O.OOOOOOOOE.OO 0.00000000£..00 0.00000000£.00 0.00000000£.00 Phosphorvs

0.00000000£..00 0.00000000£+00 0.00000000£.. 00 0.00000000£.00 Electron
·2.nOU605£-15 -2.22069196£-15 -2.002095361:.-15 0.00000000£:..00 Charqe

" Solution Par_t.ers, Calcull1ted
SOLtrnON MASS 1306.070339091190 ar_, ll20 w.ss 999.81192657174116 ar-

,
/

; .... ~,..,
.' ~" "'"

-"' .. ';

."



FMT. Version 2.0
User's Manual, Version 1.00

WPO # 28119
November 17. 1995

Paoe 169
Appendix 0: Sample Output File "Np_NaCI_BM_L1N.OUT'

306.2U981877726 g/kgH:lO

S;lecHieli Solut.ion Dens:..ty
OQlSr:Y 1177 .63607439302

Soll:tiotl Par_tees Based on Specified Density
SOU11'IQ: VOL 1.lO!10610i21'~60 liten
'roS 216.072326670nJ lOll

'<' OIef'1Sity b&$~ on TOS and MaC1 soll.ltl.ons 1177.63607U9302 9fl
~:. hrC:~t relative error V$ NaCl ce:nsity C,000000000000000£--000 \

2.00£-11
-2.12£-07
-8.58£-08
-1.57£+00
-2.52£..02
-2.92£.. 02
-9.75£-01
-:'.83£.00
-2.51£-01
-7 99£-01
·8 30£-02

tlescril'torMolality Activity Act Coe! TaU.l Moles }'.clarity ft9/1iur

57<16U-Ol 8. 5·".J£~Ol 1.003 5 5S025E.Ol OOU6!:·Ol ,.OlS6U.OS
61062£:"00 3.69181£.00 C.ES') 5 61000£..00 058).3£,..00 1.16290£.. 05
'9.07E-oOO 4.092U£-02 2.0522£-02 1.99385£..00 19178E.OO 1.07884£'.05
61018£·00 1.06471£<.00 0.6613 1.61000£..00 45168£__ 00 5.14664£·0'
lC73f£-OJ 1.59044£-0) 0.2587 5.14666£-03 54222£-03 3.38110£.02

6.H73JE-OJ 4.86901£·03 0.7921 6.1466~£-03 ~.t221£-03 9.62580£.01
2.36876£-0' ')' .1591JE-09 3.022 2.36850£-09 1355'£-09 9.3,.&It:-05
2. )995t£-12 1.7')'959£-12 0.7616 2.39927£-1.2 16))f£-12 2 .180.)£-09
0.00000£.00 1.000002.00 1.000 0.00000£·00 00000£.00 0.00000£·00
0.00000£.00 0.00000£.00 1.000 0.00000£.00 00000£·00 0.00000£.00
0.000001;.00 0.00000l:·00 1.000 0.00000£,,00 00000£..00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.. 00 00000£·00 0.00000£.00
0.00000£.00 1.00000£.. 00 1.000 0.00000£..00 00000£.00 0.00000£.00
O.OOOOOE.OO 1.00000t..00 1.000 0.000001;.. 00 OOOOOE"OO 0.00000£.00
0.000001;.00 1.00000t.OO 1.000 O. OOOOOS:. 00 0.000001;.00 O.OOOOOt.OO
0.00000:£.00 1.00000t.00 1.000 0.00000£.. 00 0.00000£.00 0.00000£.00

11.6199
11.7497

0.908418
8S.984284
7.60.695
lln.6f

K20 ..,.T£Il;
N." Na-

.:'~ CO). C03"
~. a-
HC03- HC03-

~- ~-

C021aqi CO2 {aql
H. H·
N"aJHlC0312 2K20 Trona
HCllaql to.tltrate acid..only
NaOHlaql to l;1.trate base.only
NaCl Halite
NaHC03 N"ahcoli toe
Na2C03 7K20~a2C03-Heptahydrate

Na2C03.JUO Thermonatrite
Na2CO) .10K20 Natron

'." pWl" -loq[lIlrH·lJ
pH. -log[a(H.1J
O$tDOtic Coefficient
Equi1i,WiUlll RJl. ('l

,,~. Ionic Stre:l-g-th (lIll
't':' De.nsity. lcg/lll3

· ~.'

".:
~.- Species )l&l!le

' ..:
__ .~.. ) NOT£S: _ ioiater 'mo1ality' is lllOl'!! fraction H2O in aqu..ous phase

Gas 'JIIOlality" and "activity' ar. gas partial p:-essu:res
"Descriptor' means:

':::: 'dG/RTlln10 for species with nonz'!!ro conc:s. (conYeo:-gence c:-iterion)
,~.: ·Saturation. Inciex for ~als. SI.loqlOIIAP/Ksp)
.~.... 'l0910Iactivity) for aqueou.s specieJ; with very _11 concentrations
· :'; "lO'lllOIpu-tial pressurel fo:- qas'!!s

.'\, Reaction t ) sldsua
:~': This is .. .solid-only reaction

'2.00000000000000

.,}~ shifl:ino le~t by ...64434654478256
;':;~: c • .llint; .....akamN ferr al10:a0rphic: r'!!ac:.ior.s
~~ , invt:lrsior.s tor batch pblm 75

.• 18er.c:Mlaxk T'ITRAtt Probll!lll. LD."1:AR option; NpCVI02 vith CO) in S.6lmolal saCl Flfl" \1'2.0
:.) CA.v.iUI.St: HKli84,nrr."86; NpIV)-NII-C01-OH-Cl-C104 lNR9t);
- ~j 95.01. 3l A1n11t:I 1-sa.-<:l-C'03-S04-POC I FltSJt!9. nNO. P91. 1ln1l32 , UT94,!tIU'F9')
~.;.~ ~essur~. 1.00~OE+OO [ .. J Ant Teapera=ea 2.98E:-o-02 [-J Kelvin
~.: .:
.0' E1~t41 ~es for Fluh Preble::>
· !;

'Tot"l "oles AQ. Molality ... Molarity Aq. -a/liter
.,.;:
;',:~ 1.1.1,OU3UE.. 02 1.11017591£...02 93838868£.01 1.00169020£.05 Hydrogen

·. 1.0!5086821:.02 5.5511.3597£..01 .96",2389£.01 7.95078006£.05 Oxy<o=
~::.£ 1.5(100000£...01 5.61057382£"00 5.02263316£..00 1.15469111£...05 Sodi~

.~ .. 0.00000000£"'00 0.000000001::.00 0.00000000£.00 0.00000000£.00 Potu.si""".. 0.00000000£.00 0.00000000£.00 0.00000000£.00 0.00000000£·00 l'laqnesiUCI

" 0.00000000£...00 0.00000000£..00 0.00000000£...00 0.00000000£...00 Ca1ciUlfo
~:..) 5,6.1.l00000£"'00 5.61096098£..00 5.02297975£"00 1.78079701£.05 Chlorine
.. 0.00000000£.00 0.00000000£...00 0.00000000£..00 O.OOQOOOOO£.OO Sulf\U"
.,.:. :'.OOOOOOOQ£.Ol 6.1283926U:'0, 5.4.86188'2£-0' 6.58946152£..00 Carbor.

0.00000000£.00 0.00000000£..00 0.00000000£.. 00 0.00000000£.00 PosYon
'r;: 0.00000000£..00 0.00000000£..00 0.00000000£..00 0.00000000£.00 Neg-Ion
.:,;.; 0.000000001:"00 0.00000000£...00 0.00000000£.00 0.00000000£..00 ,-"

-.' O.OClOOOOOO£...OO 0.00000000£..00 0.00000000£.00 0.00000000£..00 ..~
:~": 0,00000000£.00 0.00000000£.. 00 0.000000001;.00 0.00000000£..00 Bromine
';,~ 0.00000000£--00 0.00000000£..00 0.00000000£+00 O,OOOOQOOOE+OO Tracer£l

0.00000000£--00 0.00000000£..00 0.00000000£.. 00 0.00000000£..00 Th{YVI

'1,,' O.OOOOOOOOt.. OO 0.00000000£+00 0.00000000£·00 0,00000000£.00 kalII!1
,;.., 0,00000000£.00 0.00000000£.00 O.OOOOOOOOZ;..OO 0.00000000&.-00 U!VII

1.00000000£.01 6.12839261£-04 5.486188'2£-04 1. )00"1211:+02 HpfVJ

O. OOOOOOOO~"OO 0.00000000£+00 0.00000000£.. 00 0.00000000£+00 C104- (Et.)

0.00000000£+00 0.00000000£.00 0.00000000£.. 00 0.00000000£..00 Phosphorus
0.00000000£.00 0.00000000£+00 0.000000001;..00 O.OOOOOOOOE..OO E1ect:-on

-2.);316632£-15 -2.37314981£·15 -2.l2U6380£-lS 0.00000000£..00 Charqe
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Solution Pal:ameters, Calculated
SOLurIOO I9.SS lJ<lS,lJ.6J.486514Z
R20 ~s 1000.00695466819
TDS (q/kgl 328.106912108529
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"',--, Spee:i.hed Solution Density
DD1SI'!Y 1188.93254605477

Solution Partuneters Based on Specified Density
SOtNt'IOO VOL 1.1170660211620;1. liters
TOg 293.7240841341879/1

".,., Density l:>ased on TDS and NaCl soll.ltiQn$ 1188_93254605477 g/l
Pe:-c'!"flt relative error vs Nae! density O.OOOOOOOOOOOOOOOE+OOO'

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
'.,

Species Nauoe Molality Activity Aet Coef Total Moles Molarity mq/liter
';:,

H2O WATER 31822£-01 .77959£-01 0_9352 5 55091£+01 .96918£+01 95208£...05

-:':~ NaNp02C03 (s) NaNp02C03 (s) 99932£+00 00000£+00 1.000 , 99939£+00 9514'7E+00 15133£+06

e1- e1- 61096£+00 5.29329£+00 0.9434 5 61100£+00 02298£+00 1.78080£+05

.f:' N•• N.· 61057£+00 5.29268£+00 0.9433 5 61061£+00 02263£+00 1.15469£+05

Np02' Np02. 12705£-04 1.21978£-03 1.991 , 12709£-04 48499£-04 1. 47572£+02

COl (aql CO2 (aq) 86103£-04 1.12115£-03 2,904 , 86106£-04 3.45643£-04 1. 52117£+01

,. , HC03- HC03- 26571£-04 8.38810£-05 0.3702 2 26573£-04 2.02829£-04 1.23760£+01
: "'; Np02CO:)- Np02C03- 33526£-07 2.42971£-07 1. B.20 , 33527£-07 1.19534£-07 3.93334£-02

N' N' 21872£-06 4.78095£-06 3.923 1 21873£-06 1.09101£-06 1.09962£-03

;'.'; C03. co,- .09384£-08 8.0)342£-10 2.5966£-02 , .09386£-08 2.76963£-08 1.66203£-03

ON- ON- .01685£-09 1.63977£-09 0.5435 , 01687£-09 2.70071£-09 4.59318£-05

Np020fllaq} Np02OH(aql 72186£-10 7.72186£-10 1.000 , .72191£-10 6.91267£-10 1.97740£-04

Np02(C03)2"- Np02(C03l2"- 98384£-11 5.13354£-16 2.5877£-05 1 98385£-11 1.77595£-11 6.90960£-06
;'''.' Np02 (OHl2- Np02 (OH12- 04382£-16 6.10703£-17 0.2988 2 04383£-16 1.82964£-15 5.54494£-11

2"") Np02 (C03 13::- Np02 (CO)) ) .... - 25197£-16 9.87896£-25 7.8908£-10 1 25198£-16 1.12077£-16 5.03310£-11

Np020H (a>ledl Np02OH(a>leCl) 00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00

NaOH(aql .. ... . to titrate .base.only 00000£+00 0.00000£+00 1.000 0.00000£+00 0.00000£+00 O.OOOOOE+OO
HC1 (aQ) ....... to. titrate .acid.only 00000£+00 0.00000£+00 1.000 O.OOOOOE+OO 0.00000£+00 0.00000£+00

;: .~, Na3Np02 (C03) 2 (s) _DlSABLE.D_DlSABLED 00000£+00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£.00

c NaCl Halite 00000£.00 1.00000£.00 1.000 0.00000£+00 0.00000£.00 0.00000£+00

:t-. NaHC03 Nahcolite 00000£.00 1.00000£.00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
."') Niil2C03.10H20 Natron 00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£+00 0.00000£+00

Na2C03.7H20__Na2C03-HeptAhyarate 00000£.00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 0.00000£.00

Na2C03.H20 'I1:lermonatrite 00000£+00 1.00000£.00 1.000 0.00000£+00 0.00000£+00 0.00000£+00

<.',' Na3H(C03 l2 .2H20 Tro= 00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£+00 0.00000£.00
<;;L: Np020H(amor) Np02OH(amcr) 00000£.00 1.00000£.00 1.000 0.00000£+00 0.00000£+00 0.00000£+00

2.~'
E'~ ..... -log[m(H+l] 5.9141
}:.::~ pH- -lOt;l[a(H·l] 5.3205
::;'{ Osmotie Coefficient.. 1.241871
<;2: Equilit.riUlll PJl: ,,, 77.795853
;'2:~ lonic St:r:efl>lth 'm} 5.611188

Density, ""1m3 1188.93
'::.:.-

Descriptor

4 25£-09
-1 99£-11
_4 38£-08
_1 62E-07

2 55E-08
1 87E-07

-1 62£-07
2.13£-07

-3.23£-07
-2 38£.00
_2.99E.02
-2 45E...02
-9 36£.02
-1 23£-01
-2.95£...00
_7.91£+00
_7.95£...00
_8.24E+00
-1.02£.01
_2.98E.OO

Water "ma1a1ity" is male fraction H2O in aqueous phase
Gas "molality" and "activity" are gas partial pressures
"Desc:r:iptor" means:
*dG/RT/ln10 for species ....ith non:z:ero cones. (conver<;lerlCl!' criterion)
*Saturat.ion Index fo:r: minerals, SI..log10(lAP/Ksp)
*10910(activity) for aqueous species ....ith very small concent:r:ations
-10t;l10(part.ial pressure) fer gases

;::F Total G/RTz -1.33323084£+04
;:~,,. F1ashint;l Titration t
;;: :.:~ t inversions for bat.ch pb1ll'l n
;2..,; Ulenchlftarlt TITRATE Problesn, LlNEAR option; Np(Vl02 ....ith C03 in 5.61molal NaC1 rnr V2.0
.;.~, D1I.TABlI.S£: HMW84/FW86: Np(V}-Na-C03-ot-!-C1-C104 lNR94 1 :
::~<-: 95.01.31 AIfI(Ill}-Na-Cl-C03-S04-P04 (FRSR89,FRF90,P9l, RFFR92,Il,FF!OI4,RRFF941
;:~:; Pressure.. 1.00000£+00 ! .. ] ATt( TeIlperature'" 2.98£+02 ["'] Kelvin
;,:.,
;(:.;.: Element.al Abundances fo:r: Flash Problem

:.:~ Total Moles "". MOlality "". Molarity "". mg/lit.er

~'~ > .85857174£.01 1.11017591£+02 93838868£+01 .00159020£+05 Hydrogen

L:" .66707638£+01 5.55113597£+01 . 95942389£+01 . 95078006£+05
""""~';':';' 42543623£+00 5.61057382£.00 02253316£+00 1.lS.69181£+OS Sodiwn

.'.':'-' 00000000£+00 0.00000000£.00 00000000£+00 0,00000000£+00 Potassium
00000000£... 00 0.00000000£...00 OOOOOOOOE+OO 0.00000000£+00 Ma!jlllesium

;':;'. 00000000£+00 0.00000000£.00 00000000£.00 0.00000000£+00 Calcium
;''0 1.95016801£.00 5.61096098£+00 02297975£... 00 1.78079701£.05 Chlorine
~:~ 0.00000000£+00 0.00000000£.00 00000000£+00 0.00000000£+00 SulflJr
,;.:"'- 3.47561578£+00 5.12839260£-04 48618892£-04 6.58946151.£.00 Carbon

0.00000000£+00 0.00000000£+00 00000000£.00 0.00000000£+00 PosIon
0.00000000£+00 0.00000000£+00 00000000£+00 0.00000000£... 00 NegIon
0.00000000£.00 0.00000000£.00 00000000£+00 0.00000000£...00 Air
0.00000000£... 00 0.00000000£+00 00000000£+00 0.00000000£...00 Bo:r:on
0.00000000£.00 0.00000000£+00 00000000£.00 0.00000000£+00 B:r:omine
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'::-', 0 00000000£.,.00 0 00000000E..,.00 0 00000000£+00 00000000£.,.00 Trace>:El

0 00000000£+00 0 00000000£+00 0 00000000£+00 00000000£.,.00 Th{IVl
,:;. 0 00000000£.,.00 0 00000000£.,.00 0 00000000£+00 0.00000000£+00 An'I(III)

...." 0 00000000£.,.00 0 .00000000£.,.00 0 00000000£...00 0.00000000£+00 U(VIl, 47561578£... 00 •.12839260£-04 5 .48618892£-04 1.30049121£+02 Np(Vl
;:{,~. 0 00000000£.,.00 0 .00000000£+00 0 00000000£...00 0.00000000£...00 Cl0f- (ELl
~,.,o 0 00000000£...00 0 00000000£...00 0 00000000£...00 0.00000000£"'00 Phosphot'\ls

0 00000000£+00 O. OOQDOOOOE... OD 0 00000000£...00 0.00000000£...00 Electron-. 94525850£-16 -l 99826":'54£-15 -l 78886601£-15 0.00000000£...00 Charge
:'":';.

Solution ParNM:ters, Calculated
SOLutION I'9.SS 461.60;2144251012
H2O !'tASS 347.563995068956
TOS(9/kg) 328.106912108175
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Specified Solution Density
D'ENSITI 1188.93254605459

'::"1 Solution parameters Based on Specified Density
.''' SOLUTION VOL 0.3882019228926247 liters
'::.; TOS 293.724084133903 9/1

Density based on TOS and NaCl solutions 1188.93254605459 gil
Percent >:elative erro>: vs NaCl density 0.000000000000000£+000 \

'tABL£ OF CONCENTRATIONS FOR BATCH SYSTEM

Species N~ Molality Activity ....ct Coef Total Holes Molarity f'Iq/liter
.(." :

",0 WATER 8.31822£-01 77959£-01 0.9352 92928£...01 96918£...01 95208£...05
NaNp02C03 (s) NaNp02C03 (s) 9.99932£"'00 00000£... 00 1. 000 . 475010£...00 95147£...00 15133£...06
Ol- el- 5.61096£...00 5.29329£... 00 0.9434 95017£...00 02298£...00 78080£...05
W•• W•• 5.61057£...00 5.29268£... 00 0.9433 1.950031;:+00 02263£...00 15469£...05

;;.,:,:" N'pOl ... """,. 6 .12705£-04 1.21976£-03 1.991 2 .12954£-04 480199£-04 47572£...02
.'-.: C02laq) C02IaQ) 3.86103£-04 1.12115£-03 :2.904 1.341961;:-04 .45643£-04 52117£+01
:<,' !iC03- HC03- 2.26571£-04 8.38810£-05 0.J702 7.874811;:-05 .02829£-04 2J760£+01

W. H' 1.21872E-06 4.78095£-06 J.923 4.23582E-07 1.09101S-05 099628-03
,,~. Np02C03- Np02COJ- 1.33526£-07 2.42971£-07 1.820 4.64090£-08 1.19534£-07 93334£-02

C03_ ee'· 3.09384£-08 8.03343£-10 2.5966£-02 1.075311>':-08 2.76963£-08 6620J£-03

OW- OH- 3.01685£-09 1.63977£-09 0.5435 1.04855~·09 2.70071£-09 59318£-05_.
Up020H{aQI Np02OH(aq) 7.72186£-10 7.72186£-10 1. 000 2.68384£-10 6.91267£-10 97740£-04

,'v_, Np02 IC03) 2.,- Np02(C03)2"- 1.98384£-11 5.13355£-lG 2.5877£-05 6. 8951U:~12 1.77595£-11 90960£-06

:::' Mp02 (OH) 2- Np02 (OH)2- 2 . 0013 81£-lG 6.10703£-17 0.2988 7.10356£_17 1.82964£-16 54494£-11
Np02 (COJ) 3.,.- Np02(COJ13 u - 1.25197£-16 9.87897£-26 7.8908£-10 4.35139£-17 1.12077£-16 03310£-11
IiCl(aq) . .... . to ti trate. acid.. only 0.00000£...00 0.00000£+00 1.000 0.000001::"'00 0.00000£+00 00000£...00

Np020H (aged) Np02OH(agedl 0.00000£...00 1.00000£+00 1.000 0.00000£+00 0.00000£+00 00000£...00
.< • Np020H(mnor/ N'p02OHI~r) 0.00000£...00 1.00000£..00 1.000 0.00000£.+00 0.00000£...00 00000£...00

NaOH(aq) . . to. ti trate. base. only 0.00000£...00 O.OOOOOE+-OO 1.000 0.000001;:+00 0.00000£+00 00000£+00

", Na3Np02 (C03) 2 {s )_DISA2LEtL:lISABLED 0.00000£...00 1.00000£...00 1.000 0.00000£."'00 0.00000£+00 00000£...00

NaCl Halite 0.00000£+00 1.00000£...00 1.000 0.00000£...00 0.00000£...00 00000£+00

NaHC03 Nahcolite 0.00000£"'00 1.00000£...00 1.000 0.00000£+00 0.00000£+00 ".00000£"'00
Na2C03.10H20 Nat>:on 0.00000£...00 1.00000£+00 1.000 0.000001::+00 0.00000£+00 ".00000£...00
Na2C03. 7H20~a2C03~Heptahydrate 0.00000£...00 1.00000£...00 1. 000 O.OOOOOE+OO 0.00000£...00 ".00000£...00
Na2C03.H20 'l"herroonat:dte 0.00000£"'00 1.00000£+00 1. 000 0.00000£+00 0.00000£...00 ".00000£+00

.:: Na3H (C03)2 .2H20 'l'ro~ 0.00000£...00 1.00000£... 00 1.000 0.00000£+00 0.00000£...00 ".00000£+00
,'",

37,
_.

-lc>gImIH+)) 5.9141
·~:i"l "". -l09[afH"')J 5.3205

d Osmotic Coefficient.. l 241871
:'.~.: tQ;ui1ibri1,llll RH {\, " .795863

Ionic Strength ,., 5.611188
.:::C ~ity, kg-1m3 1188.93
:,;;:
':;'-~' NOTES, - Wate>: "lftOlality" is mole fraction H2O in aqueous phase

:'::.: Gas "molality" """ "activity" a:re 9a~ partial pressl,1res
"Desc>:iptor" ll\ean$:

·c:lG/RT/lnlO fo>: specie$ with non~ero concs. (convergence c>:iterionl
:';::;' ·Saturation Index for minerals. St"10910 (IAP/Xsp)
""'. *10910 (activity) fo>: aqueous species with very small concent>:ations
.~:... ·log10 (pa>:tia1 pre$surel for gases

Total GIRT>< -4.63379813£...03

:;;';:', + 'O • .o+ ••••• 'O .o'O'O'O'O •• 'O ~++.~'O'O 'O +."'O * *'O'O 'O'O + •• ++~'O *'O'O'O'O'O *+.*.+ + • .o'O .. + * ••• + .. *. * *+ + .. *

T'.-:', ••• S!JMMJ\RY INFOR.1'Oo.TION FOR ADDITION OF rN(21 ... rN1141 wotJLI) B£ HERE •••
'",~' * *+ + ~ ••• + + *.o* .. +•••••••••• + + ** _ * * +++ •

I)esc>:iptor

-6.17£-15
6.17£-15
1.85£-H
0.00£+00

-6.17£-15
0.00£+00
0.00£+00
1.23£-14

-3.53£-10
-2.45£+02
-2.38£"'00
-2.98£...00
-2.99£..02
-9.36£+02
-1.23£-01.
-2.95£...00
-7.91£+00
-7.95£ 00
-8.24£ 00
-1.02£..01

.-

....~.. Flashirl9 Tit>:ation , 15
:'/. , inversions for batch pblln 23
:,~,. 1Benchma>:k T!TRJo.TE Problelll, LINE.'>l't option; Np(V)02 with C03 in 5.611'1>o1al NaCl FM'I' \72.0
.~.-'~. DATABAS£: HMW'84/FW86; Np(V)-Na-C03-0H-CI-Clo4 (NR94);
<.". 95.01.31 AID(!II) -Na-CI-COJ-S04-P04 (FRSR89. FRF90, P91. RFFR92.RFF94, AAFF94)
:•.• :, P>:essure- 1.00000£+00 r-I ....ni ~>:ature_ 2.98£"'02 [ .. J Kelvin

Elemental .Abundances for Flash Probll!!lJl

Total Moles AQ;. Molality Acl'. Molarity Aq. mg/liter
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. 812585"£.01

.674U080E.Ol
5.43251790£+00
0.00000000£+00
0.00000000£.00
0.00000000£+00
1.95220036£.00
0.00000000£+00
). "814044£+00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£·00
0.00000000£.00
0.00000000£.00
0.00000000£..00
0,00000000£.00
0,00000000£.00
J.47561578£.00
0.00000000£+00
0.00000000£.00
0.00000000£.00

·',132709.24£-16

1.11018601£.02
5.55305592£+01
5.61002101£... 00
0.00000000£+00
0.00000000£.00
0.00000000£+00
5.5965)330£+00
0.00000000£+00
".246'4343£-03
0.00000000£...00
0.00000000£+00
0.00000000£·00
0.00000000£·00
0.00000000£+00
0.00000000£.00
0.00000000£.00
0.00000000£.00
0.00000000£"00
6.79854005E-06
0.00000000£.00
O.OOOOOOOOE..OO
0.00000000£.00

·2.61814885£-15

9.93931311£.01
4.91159013E..Ol
5,0225903f,E.. 00
0.00000000£..00
0,00000000£.. 00
0.00000000£.. 00
5.01051US£"00
0.00000000£.00
6,481661U£-03
0,00000000£..00
0.00000000£..00
0.00000000£..00
0.00000000£..00
0.00000000£·00
0.00000000£·00
0,00000000£.00
0.00000000£·00
0.00000000£·00
7.81723651£·06
0.00000000£.00
0.00000000£+00
0.00000000£.00

-2,)4)9n98£-15

1 001189408£.05 H~09.n

7 95424591£+05 ~en

1 15468191£.05 Sodi1.llr\
o 00000000£+00 Potaui\lDl
o 00000000£+00 Haqnesiwn
o 00000000£+00 Ca1eiUlll
1 176)1186£+05 Chlorine
o OOOOOOOOE.OO S",UIU'
7 79233012£.01 Carl»n
o 00000000£.00 Poston
o 00000000£.00 Ne<;lon
o OOOOOOOOE.oo Air
0.00000000£.00 aoron
o OOOOOOOOE.OO Brce.ine
0.00000000£.00 Traeer£l
0,00000000£·00 Th I IVI
0.00000000£.00 AmIIII)
0.00000000£.00 U1VIl
1. &6128414£.00 N;I IV)
0,00000000£.00 CI04- I ELl
0.00000000£+00 PhosphoI'll.s
O. 00000000£+00 £lec~ron

0.00000000£+00 Chal:'ge

:,-,,~, S01u~ion Parllllle~.rs, Ca1cua~ed

SOLUTION w.ss 46) .116929136&30
H2O Y.ASS H8.823H7935362
TDSI9/kg') )21.821)87253119

"'~.' Spe.;ilied So1u~ion tle:uity
DmSt'TY 11811.78931208119

,;.,~.. Sol",~ion Parmneurs J.u.c1 on Specified Densiey
:;:-:. SOLtJrIa> VOL 0.389620104381.511 li~ers

"M': TOS 29),500268120485 9/1

:":; Density llased on TDS and NaCl solutions 1188.78931208719 9/1
,". Per.;ent relative error vs NaC1 d.ensil:Y 0,000000000000000£+000'

.,""~ !GO ~::'ER

!.~) ~COJ1Sl--, JNaN'p02C03ISl
/.,:'~ Na. Ka.
';";.:, C1- C1·
~'l CO). CO)-
:':2<': HC03- ..::03-
.:"!: OH- Off·

~~.•; Np02IC03)2..- Np02IC0312"-
NpO:2IC03l3 ... - N\:102ICOJl3 .... -

.;;,;-) C02Caq) CO2 (aq)
':0'.. Np02C03- Np02C03-

Np02. Np02+
N.. H.

r.:' ~2OH(eql Np02QH(aq)
.;; Np021OH12- Np021OH12·
.. ~.: Na3HlC03)2 .2H20 Trona.
.;~:: "'a2:C03.K20 ~naon.at;rit:t:

":'~ Na2C03.71!20__Ha.2COJ-Kept.&hyC.rate
..• Xa2C03.10K20 Nat;ron
t.:~' ~3 Nilheolitt:
t,' -, HaC1 Htllite
".~.; N&JNp021C03 12 ($l_DISABt.ED_OISABLEO
..~: Na.OH(aql .,t:o.t:itrate.base.only
••.• Np02OHf.-ori Np02OHl.....ori
.:.':: Np(l2ClHCaged.1 Np020HIagedl
I.::;'•. HC11aql. ,to.titrate,acid..0l11y

•.•.~,) pmIt .. -log-(m(H.} J
..,,: pH.. -l09(",IH+ll
..:;::: OSlftOtie Coefficient=
.:.\; Equilibrium RH (tl

f·3~~ Ionic S~renqth tllll
.;:.~ Dcn.si~y. kq/lll3

9.9232
1 240745

77.828955
5.616187
1188,79

Ho1ality Ac~ivity ActCc>ef Total Holes Molariey h;/liter

8.319321:-01 7.182901:-01 0,9)55 1 9362;l!:+Ol • 96963£+01 8,95289£.05
9.96382E.OO 1.00000£.00 1.000 J .,f,756U:·00 • 92050E+OO 3,14043E.06
5.610021:+00 5,21628£.00 0.9'23 956911:.00 5 02259£+00 1.154615£.05
5.5"53£+00 5.27166E·00 0.94:20 1.95220E+00 5.01051£+00 1.11638£.05
6.10111E-03 1.58505£·04 2,S9Sn·02 2.13030£-03 5,46763£-03 3.28108£.02
1.11.706E-OJ " .lJI03Z-04 0.3698 3. "655£-04 1.00009£-03 6.10225E.01
1.20168£-04 ',57227£-05 0.5442 4,21267f:-05 1.08122£-04 1 .83881£.00
) .1'199£-06 1.01411£-10 2.605'£-05 1.) 5762£-06 3.48446£-06 1.3'568£.00
4,169'2£-06 J .85055£-15 8,0734&-10 1.6636152-06 4.21001£-06 1.917552.00
".74407£-08 1.37761E-07 2,90' 1.65484£-08 " .24731E-08 1,8"23£-03
1.33846£-07 2.43265£-07 1.817 4.668f!1£·08 1.19831£-07 3 ,94312£-02
3.12502£-09 6.1"62£-09 1.981 1.09008E-09 2.79779£-09 7.52738£-04
3.06061£-11 1.19335E·1O 3.899 1.06757£-11 2.14002£-11 2.76166£-08
1.51050£-10 1.51050£-10 1.000 5.41826E-11 1.40605£-10 " . 02206£-05
1.66173£-12 4.n826£~13 0,2985 5.8174J!:-l) 1.49310E-12 4. S2~OlE-07
O.OOOOOE.OO 1.00000£"00 1.000 0.00000£.00 0.00000£.00 0.00000£.00
0.00000£.00 1.00000£.00 1.000 o,oooooe.oo 0.00000£.00 0,00000£.00
O,OOOOOE.OO 1.00000&.00 1.000 0.00000£.00 0.00000£+00 0.00000£.00
0.00000£·00 1.00000£.00 1. 000 0.00000£.00 0.00000£.00 0,00000£.00
0.00000£..(10 1.00000E.00 1.000 O.OOOOOE.OO 0.00000£.00 0,00000£.00
0.00000£.00 1.00000£·00 1.000 0.00000£.00 0.00000£+00 0.00000£·00
0.00000£.00 1.00000£.00 1.000 0,00000£.00 0.00000£·00 0.00000£.00
0,00000£.00 0.00000z..00 1.000 O.OOOOOE.OO 0.00000£.00 0.00000£.00.
0.00000£.00 1,00000£.00 1.000 0.00000£..00 0.00000£:.00 0,00000£.00
0.00000£.00 1.00000£.00 1.000 0.00000£.00 0.00000£.00 O,OOOOOE.OO
0.00000£.00 0.00000£.00 1.000 0.00000£.00 0.00000£+00 0.00000£.00

10.5142

o...eriptor

-1,3'£·10
5.le£-10
1, l5Ew09

-7,11£-0'
) .15£-13

-5,0'£-10
-3.76E-09
3.26£w09
7.03£-09

-4,19£·00
-J:" '4£.00
-2,66£.00
-2,621:.00
-2,26£.00
-1.25£-01
-9,)U·02
-2. '4£.02
-3,67£.00
-3,08£·00
-2,49£.02

-

.;:;::) 00ttS:
..::.:~

Water ·...:>l.lity· is mole frection H2O in aqueous phase
co.s ':nole1i:y' and 'aetivity' are glLS par~i&l P:-e.5sures
'De$C"riJl~OI:" means:
*d:>/RT/ltllO tor species .,it,h non::ero concs, lconverqence critel:'ionl
*sat,uration tndt:x for -..inere1s. S-r-logl0(:IAP/Ks:pJ
*loo10Iaetivi~yl !or aquaous ~(:if!S ",ith very __11 concentrations
*loql01pa.%'tia1 pressul'el tor qa.ses

/. ,
"'-" , ..... , •• .,. ¥~

~~, Totel GIRT>< -4,'4192502E.03
~~1 1'I1'1Vt.TE file name is U1: (SCIlAB!I lMT,US£RGtnDEINP_NACL_Bl'LI.IN,'I'IT1lA'I'£;2
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... ,,,,,'
/
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Appendix P: Sample Output File "Np_NaCl_BM.OUT"

See Table 27 for explanatioDof this listing.

Ih"P'UT file n4:De is Ul: [SCBA1Ul.FY.I'.USEJlWIm:1NP..w.a._8H.~:1
.~ J:NGUESS !il~ n_ is Ul; (SCBA!l8. Fm' .1JSDQIIDEJ NP_:o.a._8K. nGJ!SS; 1

0UTi't1T' fil~ name is Ul,!~.FHT.u~lNP_NACt._8l(.O'l11';l

CHDmo\T file naaIe is Ul: [SC!lA8Il. nrr . USDI.GUID£J Pm'_1OIWJQ'~.~T; 1
1'crprat.ure is Hard Coded as 2'8.15K
knehlrlark 'r!'nlAtt Proble=; Np[Vl02 with CO) in S.6lJnolal Neel nrr V2.0
tlo\TAaASt.: KKWS4/FW86; NpIV) -Nll-COJ-OH-Cl-<:lOf. (NRU);
95.01.31 M{ IIIl-Na-Cl-C03-S04-P04 lfl!.SRU. FlU'90. '91.~2 .Jl.FM4, AAFF!HI)
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............................................•.•.•..................................................................................
•. ••• EOfO PJlnn" OF '~T' Fn.E ~...D eE KDi.£ •••

S£.E APPDmIX J...................................................................................................................................

TITRATION Problem:
'.~ .) Assi9!'1:Ln; all ~lt.(yl to 0.1 111
'.:' -) 5eetinq • of nodes in Y~di~tion to
; ~ _I Setti~ NalRD.CTIV1:. Porosit.y t.o 0 0

.i':~ specifyin; VAltIABl.£ POROSrIY for TrttATION Problelll

" Aque-OUiS o.l\$ity is a Function of C~sition

:' i ~ .

... TABLt Of" MiNERAL DENSITI£S. KG/M~J WOtJUl B£ KER£ •••
.• '1 SEE APPENDIX L
.,., .

Gll.ID BLOCK VOLUMES. in liters
1.00£.00 1.00£.00 100£..00 1.00£.. 00 1.00£.00 1.00£.00 1.00E.00 1.00£.00 1.00£.00 1.00£.00 :l..00£.00 1.00£.00 1.00£.00
1.00£.00 1.00£.00

.-
.:J

1.00t.00
: i 1.00£.00

00£.00 1. 00£.00 1. 00£..00 1. 00£.00 1.001·00 1.00£+00 1. 00£.00 1. 00£.00 1. 00£..00 1. 00£.. 00 1.001.00 1. 00£.00
00£.00

.;.~ 1.00t..00 1.00£.00 1.00£.00 1.00£·00 1.00£..00 1.001.00 1.00E"00 1.00E..00 1.00£.00 1.00£..00 1.00t.OO 1.00t..00 1.00t.00

.... 1.00£.00 1. OOEooOO

~ ..) • Uwccsions foc ~tch pbbl so
!? lBenebarlt TtntATE Problem; Hp(V)02 with COJ in 5.61::101&1 ~l FM'!' '-'2.0
..:::: ~TUJ,S%: !'MlSf./P'W86; }.'p(VI·"'.-COJ-oH-Cl-Cl04 {~'I;

,S. 01. 31 AIIlUIII-N.a-CJ.-COJ-SOC-POf. (FP.SR8', rRI"'O. "1. knlt,2 .1t.FT9', RRFF9U
..... Prc:ssure- 1.00000E·00 ("I An'! Terperature- 2.'8£.02 1"'1 Kelvin
".'
;;' £1~t.l Abundanc:'es for Flash Problem
:;:.:
r-: 'toul Mo1u Ac;o. Ho1a.1.ity "". Molarity Aq. ~/liter

.. .--:-'":: ~1 1.11011,),,)£.02 1.1102'658£·02 1.001003101£.02 1.008'1101£.05 ..,.,....~

.. 6.15086115£.01 /;.151SoI9,)U.Ol S.S0l6DlJUE.01 8.81J2UoIU.OS
""""~

.. Co ,

:'.: 5.61000000£.00 ~. 61015212'£.00 5.058J3276£.00 1.1621,,0")£.05 SOdi_
~.:..: :

'.
:::: 0.00000000£...00 0.00000000£.00 O.OOOOOOOOE"OO 0.00000000£..00 Pou.ssiUlll ,
(:. 0.00000000£.00 O.OOOOOOOOEooOO 0.00000000&+00 0.00000000£..00 fo'.&qnesiwn

" O.OGOOOOOO£+OO O. OOOOOOO~£.OO 0.00000000£·00 0.00000000£.00 CaleiUlll
:'? 1.61000000£.00 1.610118,)0£o{IO 1 .•516'838£+00 5.1016635,)11£.001 Chlorine
:;:> 0.00000000£+00 0.00000000£.00 0.00000000£,,00 0.000000001;..00 Sulfur
;;.: 1.00000001£.00 2.00022150£.00 1.80332719£.00 2.1&59"29£"0.

C~_

:l', O.OOOOOOOOEooOO 0.00000000£.00 0.00000000&+00 O.OOOOGOOO£.OO PosIon

n: 0.00000000£.00 O.OOOOOOOOE..OO 0.00000000£.. 00 0.00000000£.00 Ne9'=
< • 0.00000000£.. 00 0.00000000£.00 0.00000000£+00 0.00000000£..00 Air
:.:' 0.00000000£.00 0.00000000£.00 0.00000000£.00 0.00000000£.. 00 Bor=

0.00000000£+00 0.00000000£..00 0.00000000£..00 0.00000000£.00 Ilroc:li.Zle
:>.; 0.00000000£,.00 Q.OOOOOOOO£..OO 0.00000000£·00 0.00000000£.00 Traeer£l

0.00000000£.00 O.OOOOGOOC£..OO 0.00000000£..00 O.OOOOOOOOE.OO Th(IV)

• <• 0.00000000£.00 0.00000000£..00 O.OOOOOOOOE.OO O.OOOOOOOOE.OO AIIlUUI
.~.., O.OOOOOOOOE.OO 0.00000000£·00 0.00000000£.00 0.00000000£+00 U(VII

." 0.00000000£.00 0.00000000£.00 0.00000000£·00 0.00000000£"00 NpIVI
0.00000000£.00 0.00000000£.. 00 O.OOOOOOOOE.OO 0.00000000£.00 C104·{EL)

:"') O.OOOOOOODE'OO 0.00000000£.00 0.00000000&000 0.00000000£.00 Pho$phorus
., O.OOOOOOOOE.OO 0.00000000£.00 0.00000000£·00 O.OOOOOOOOE.OO £1ecerOfl.
:.:: -2.220014605£-15 -2.22069196£-lS -2.0020'S3I5E·15 0.00000000£.00 Charq.
:. ~.
,;: Solution Parametel:;s, Calculated,.,

SOLtJnON K1.SS 13015.0'03,)'0'890 .r~

1l:: K20 MASS 9".88926571101815 .r_
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TDS(g/l<;gl 306.214981877726 g/l<;gH20

Spec::ified. Solution Density
OD<SITY 117"1.6360"1439302

Solution Pll.r_ters Based on Specified
SOLlJI'ION VOL 1.10906108219560
TDS 2"16.07:2326670473

Density based on TDS and NaCl solutions
Percent relative error vs NaCl density

'!'ABLE OF CCWCENTRATIONS FOR BATCH SYSTEM

l<;g/m"'3 .. gil

Density
liters
oil

117"1.6360,.39302 gil
O.OOOOOOOOOOOOOOOE+OOO \

Species N_ }lolality Activity Act Coef Total }loles Molarity mq/liter

H2O WATER , 5"1464E-Ol , 5984.3E-Ol 1.003 S 55025E+Ol S 00446£+01 , 01564£+05..- N._ S 61062E+OO 3 69881£+00 0.6593 S 1;1000E+00 S 05833£+00 1 16290£+05
C03'" C03 .. 1 9940"1£+00 • 09214E-02 2.0522E-02 I 99385£+00 1 "197"18£+00 1 07884£+05
Cl- C1- I 61018£+00 I 06477E+00 0.6613 1 61000£+00 I 45168£.00 S 14664£.04
HC03- HC03- 6 14734£-03 I 59044E-03 0.258"1 6 14666E-03 5.54222£-03 3 381"10£·02

"'," QH. ON· , 14"133£-03 • 86901£-03 0.7921 , 146651::-03 5.54221£-03 9 .42580£+01
CO2 (aQ) C02 (.QJ , .36876£-09 7 15913£-09 3.022 , 36850£-09 2.13559£-09 9.39868£-05
H_ H_ , .39954E-12 I 77959£-12 O. "1416 , 39927£-12 , 16334.£-12 :2 .18043£-09
Na3H(C03)2 'H2O Tro= 0 00000£·00 1 00000£+00 1.000 0 00000£.00 0 00000£.00 0.00000£·00
HCl (aQl . .<0 titrate. acid.. only 0 00000£·00 0 00000£+00 1.000 0 00000£+00 0 00000£.00 0.00000£+00
NaOHlaQ) . .. , .to titrate ,base. only 0 00000£·00 0 00000£+00 1.000 0 00000£+00 0 00000£.00 0.00000£·00
NaCl Halite 0 00000£.00 1 00000£.00 1.000 0 00000£.00 0 00000£+00 0.00000£.00
NaHC03 Nahcolite 0 00000£·00 1 00000£+00 1.000 0 00000£+00 0 00000£.00 O.OOOOOE.OO

.. Na2C03 7H20~a2C03-Heptahydrate 0 00000£.00 I 00000£.00 1.000 0 00000£+00 0 00000£.00 O.OOOOOE.OO
Na2C03 H2O 'fhe~trite 0 00000£·00 I 00000£+00 1.000 0 00000£+00 0 00000£.00 0.00000£·00
Na2C03 10H20 Natron 0 00000£+00 I 00000£+00 1.000 0 00000£+00 0 00000£+00 0,00000£+00

.. !.

_.
-log [m(H+1 J 11.6199

pH .. -log[aIH+) ) 11.7497
:-; Osmotic coeHicientO' 0,908418

EQuilibriUDI RH (\) 85.984284
,.., Ionic Strength 1m) "1.604695

.?~. Density, )c;glf113 117"1.64

:/"- n NOTES. Water "molality· is mole fraction H2O in aqueous p~e
Ga.!; 'molality' and "activity' are gas pll.:r:-tial pressures

";~ "Descriptor" means:
':':. "dC/RT/ln.lO for species with nonzero eoncs. (convergence criterion)
, ~~.' ·S~turation Inde>l: for minerals, SI"'10910 (IAP/Ksp)

'"1<:>ql0(activity) for lIQUeous species with very small concentrations
'"loql0 (partial pressl.lre) for gases

Descriptor

2 00£-11
-2.12E-07
-8 58£-08
-1 57£+00
-2 52£.02
-2 92£.02
-9 75£-01
-1.83£.00
-2 51£-01
-7 99£-01
-8 30E-02

~.~ Total G/R~

·:O~

-6 42133776£.03

Reaction' 1 sl&um
This is a so:tid-only reaction

2.00000000000000

:-~ shifting lef!; by 4.64434654.4"18256
o::a11ing Illo!l.)c;e:"uv for al10m0rphic reactions
• inversions for batch pblm 75

lBenchmark. TI'"('RATE Problem: Np(VI02 with C03 in 5.61I1lo1al NaCl FMT V2.0
D1I.TABAS£: HliW84./FW86; Np(V)-NII-C03-0H-Cl-C104 (NR94) :

,~ . 95.01.31 Aln( III l-Na-Cl-C03 -S04-P04 (FRSR89, f1'tP90, P91 RFFR92 , RFF94 , RRFF94)... Pressure.. 1.00000£+00 [ .. ] ATM Terrperature"" 2.98£+02 [=l Kelvin
'·F. '.

£lemental Abl.mdances for Flash Problem'

\.. .;'

.~!. Total Mole!; A". Molality ",<. Molarity AQ. mg/liter
,,

... i ,
1.11018363£+02 I 1l0175~lE+02 9.93636668£"'01 1.00169020£.05 Hydr'ogen

,
1.05508682£+02 S 55113597£+01 4..96942389£"'01 "1.950"18006£+05 Oxyq= f
1.56100000£+01 5 6105"1382£+00 5.02263316£"'00 1.15469181£+05 SodiUDI
0.000000001::+00 0 00000000£+00 0.00000000£"'00 0.00000000£+00 potassiUDI /

",., 0.000000001::.00 0 00000000£+00 0.00000000£"'00 0.00000000£.00 HaqnesiUDI
. .;:: 0.00000000£+00 0 00000000£+00 0.00000000£"'00 0.00000000£.00 Calcium

"'." 5.61100000£+00 5. 61096098£+00 5.0229"1975£"00 1.78079701£+05 Chlorine
0.000000001;:+00 0 00000000£+00 0.00000000:£'''00 0.00000000£+00 Sl,llfl,lr
1.00000000£+01 , 12839261£-04 S.4.8618892£~04 6.58946152£+00 Carbon
0.00000000£+00 0 00000000£.00 0.00000000£"00 0.00000000£+00 PosIon
0.00000000£+00 0 00000000£.00 0.00000000£"00 0.00000000£.00 NegIon
0.00000000£+00 0 00000000£+00 0.00000000£"'00 0.00000000£+00 Air
0.00000000£+00 0 00000000£+00 0.00000000£"'00 0.00000000£+00 Boron
0.00000000£.00 0 .00000000£+00 0.00000000£"'00 0.00000000£+00 Bromine

.. 0.00000000£.00 0 00000000£+00 0.00000000£"00 0.00000000£+00 Tr.cer£l
0.00000000£+00 0 00000000£+00 0.00000000£"00 0.00000000£+00 'fh(IVl

,,,' O.OOOOOOOOE+OO 0 00000000£+-00 0.00000000£"'00 0.00000000£+00 Am{II1)

0.00000000£+00 0 00000000£+-00 0.00000000£"00 0.00000000£+00 tllVIl- 1.00000000£+01 , 12839261£-04 5 .48618892£~04 1.30049121£+02 Np(V)
O.OOOOOOOOE.OO 0 00000000£+00 0.00000000£"'00 0.00000000£+00 CI04- (EL)
0.00000000£+00 0 00000000£+00 0.00000000£"'00 0.00000000£+00 Phosphorl1s
O.OOOOOOOOE+OO 0 OOOOOOOOE.OO 0.00000000£"'00 0.00000000£+00 Electron

-2.37316632£-15 ., 37314981£-15 -2 .12446380£~15 0.00000000£+00 Charge
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-
Solution parlll'heters, Caleullited

SOLUTICN MASS 1328.11614865142
H2O MASS 1000.00695466819
mS(qlkg} J28.106912108529

".
Specified Solution Density

OENSITI 1188. 9J254605477

':';,;: Solution Plirmneters Based on Specified Density
SOLUTION VOL 1.11706602116201 liters

:~,., TDS 293.724084134187 gil

Density t>ased on "!OS and NaC1 solutions 1188.93254605477 q/l
Percent relative error vs NaCl density 0.000000000000000£+000'

~; < TABLE OF CONC£N'1'RATIONS FOR BATCH SYSTEM

H2O WATER
~~2C03 (sl 'NaNp02C03~~~

Na+ Na+

4 26£-09
-1 99£-11
-4 38£-08
-1 62£-07

2 55£-08
1 87£-07

-1 62£-07
2 13£-07

-3 23£-07
-2 38£+00
-2 99£+02
-2 45£+02
-9 36£+02
-1 23£-01
-2 95£+00
-7 91£+00
-7 95£..00
-8.24£+00
-1 02£+01
-2 98£+00

DescrJ.ptorMolality Activity Aet Coef Total Moles Molarity m;/liter

8 J1822E-Ol 7 77959E-01 0.9J52 , 55091£+01 , .96918£+01 B .95208E+05, 99932E+00 1 00000£+00 1.000 , 99939E+00 8 95147£.00 3 15133E+06
5 61096£+00 5 29329E+00 0.94J4 , 61100£+00 5 02298E+00 1 .78080£+05
5 61057E+00 5 29268E+00 0.9433 5 61061£+00 , .02263£+00 1 15469E+05, 12705£-04 1 21978£-OJ 1.991 , 12709£-04 5 .•8.99E-04 1 47572E+02
3 .8610J£-04 1 12115£-03 2.904 3 .85106£-04 J 45643£-04 1 52117E+01
2 26571E-04 8 38810£-05 0.3702 , .26573E-04 , .02829£-04 1 23760£+01
1 33526£-07 2 42971£-07 1. 820 1 JJ527£-07 1.19534£-07 3 .93334E-02
1 21872£-06 , 78095£-06 3.92J 1 21873£-06 1.09101£-06 1 09962£-03
J .09384£-08 B OJ342£-10 2.5966£-02 3 09386£-08 1..7696J£-08 1 66203£-03
J .01685£-09 1 63977£-09 0.5435 J 01687£-09 2.70071£-09 , .59318E-05
7 .72186E-10 7 72186£-10 1.000 , 7219lE-I0 6.91267£-10 1 97740£-04
1 98384£-11 5 13354£-16 2.5877£-05 1 98385£-11 1.77595£-11 , 90960E-06
2 04382£-16 , 10703E-17 0.2988 2 0438J£-16 1.82964£-16 5 54494£-11
1 25197E-16 , 87896£-26 7.8908£-10 1 25198£-16 1.12077£-16 5 03310£-11
0 OOOOOE+OO 1 00000£+00 1.000 0 00000£+00 O.OOOOOE+OO 0 00000£+00
O.OOOOOE+OO 0 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
0.00000£+00 0 00000£+00 1. 000 o. 00000£+00 0.00000£+00 o. 00000£+00
0.00000£+00 1 00000£+00 1. 000 0 00000£+00 0.00000£+00 0 00000£+00
0.00000£+00 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
O.OOOOOE+OO 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
0.00000£+00 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
0.00000£+00 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 OOOOOE+OO
0.00000£+00 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
O.OOOOOE+OO 1 00000£+00 1.000 0 00000£+00 0.00000£+00 0 00000£+00
0.00000£+00 1 00000£+00 1.000 0 OOOOOE+OO 0.00000£+00 0 00000£+00

5.9141
5.nos

1 241871
77 795863

5.611188
1188.93

Np02. Np02+
C02 (aq) CO2 (lIq)
HCOJ- HC03-
Np02C03- Np02C03-
H+ H+

C03" COJ"
~- ~-

Np020H(;J.ql Np02OH(aq)
Np02(COJ12.. - Np02(COJ12,.-
Np02lOH) 2- Np02 (OHI2-
Np02(C03)3"=- Np02lC03l3..,.-
Np020H(aged) Np020H Iaged)
NaOH(aql to. titrate .base.only
He1 (f-ql . . to. titrate.acid.only
Na3Np02 (C03 12 (s)_OIS1I8LED_DISABLED
NaCl H.Jli te
NaMC03 Nahcolite
Na2COJ .10H20 Natron
NII2COJ.7H20__Na2C03-Heptahydrate
NlI2C03.H20 The:nnonatrite

'.~ NaJH(C03)2.2H20 Tronf-
Np020H(amor) Np02OH(lIlllOr)

.n; prnH" -loq{IlI(H+l]

.,_; pH .. -log-[aIH+)]
;:::t. Osmotic Coefficient..
;"Z: Et;zuilibrium RH (,)
:::<:., Ionic Strength (Ill)
L.'-· Density. kgllll3

Specl.es Name

;':"

.,:::;:! NOTES: - Water "molality" is mole fraction H2O in aqueous phf-se
:';.;:. Gas "molality" IUld 'activity' are qas partial pressu.res

"Descriptor' _ans:
,:~-' '"aG/RT/ln10 for species with nonzero cones. (converqence criterion)
:t.', , ·Saturation Index for minerals, sr..1oq10 (IAP/Ksp)
,;: :"; ·1og10 (activity) for lIQUeous species with very sIlIlIl1 concentrations
':';"~ ·log10lpartia1 pressurel for gases

;:;;;. Total GIRT-- -1.JJ323084£+04
';':' Flashing Titration. 1
/. ,'; • inversions for :batch pblm 11
';:,.'; 1BenC:hZIlark TITRATE Pl:ob1e:m.; Np(V)02 with C03 in 5.61:1'o1al NaCl FMT V2.0
.:., DATABAS£: HMWB4/FW86; Np(V}-Nf--C03-0H-C1-CI04 (NR94l;
;:~; 95.01.31 AIn(IU1-Na-C1-C03-S04-P04 IFRSR89. FU90. P91, RFFR92.RFF94,RRFF941
Z~::: Pl:essw:e'" 1.00000£+00 [ .. ] A1M Tt!:Il;:>erature" 2.98£+02 [,,] Kelvin
,:',:
.i:.. ; £leznental Abundances for F1a$h Prob1t!:1l1
,f....')

:,:" Total Moles Aq. Molality Aq. Molarity Aq. mg/liter
"'.~ '.

f(' 3 .85857174£+01 1 11017591£+02 9 93838868£+01 1 00169020£+05 Hydrogen
:,:~, ~ J .66707638£+01 5 55113597£+01 , .96942389£+01 7 .95078006£+05 """'=.2-, ~ 5 42543623£+00 5 61057382£+00 5 02263316£+00 1 15469181£+05 Sodium

.?'~.:' 0 00000000£+00 0 00000000£+00 0 00000000£+00 0 00000000£+00 PotlLSsium
,::;,,~ 0 00000000£+00 0 00000000£+00 0 00000000£+00 0 (10000000£+00 Magnesium
;.':/ 0 00000000£+00 0 00000000£+00 0 00000000£+00 0 00000000£+00 Calcium
;.': 1 95016801£+00 5 61096098£+00 5 02297975£+00 1 7807970lE+05 Chlorine
;;:-~~ 0 00000000£+00 0 OOOOOOOOE+OO 0.00000000£+00 0 00000000£+00 Sulfur
.i:':<. J .47561578£+00 ,.12839260£-04 5.48618892£-04 6 58946151E+00 Carbon
;C:::.,_; 0 00000000£+00 0 OOOOOOOOE+OO 0.00000000£+00 0 00000000£+00 PosIon
.?::: 0 OOOOOOOOE+OO 0 000010000£+00 0.00000000£+00 0 00000000£+00 NII!:9Ion
',","

0 00000000£+00 0 00000000£+00 0.00000000£+00 0 OOOOOOOOE+OO Ai,
.. 0 00000000£+00 0 00000000£+00 0.00000000£+00 0 OOOOOOOOE+OO Boron
,J,.? 0 00000000£+00 0 00000000£+00 0.00000000£+00 0 00000000£+00 Bromine
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0 00000000£...00 0 00000000£.00 0 00000000£+00 0.00000000£+00 TracerEl
0 00000000£+00 0 00000000£.. 00 0 00000000£+00 0.00000000£+00 Th(IVJ
0 00000000£+00 0 00000000£+00 0 00000000£+00 0.00000000£+00 AmlI!!)

0 00000000£+00 0 00000000£+00 0 00000000£+00 Q.oooooooo£+oo UlVI)

3.47561578£+00 6 12839260£-04 5 48618892£-04 1.30049121£+02 Np(Vl

0.00000000£+00 0 00000000£+00 0 00000000£+00 0.00000000£+00 CI04-(£L)

0.00000000£+00 0 00000000£+00 0 00000000£+00 0.00000000£..00 Phosphorus
0.00000000£+00 0 00000000£+00 0 00000000£+00 0.00000000£.+00 Electron

-6.94525850£-16 -1 99826754£-15 -1 78886601£-15 0.00000000£+00 Charge

Solut.ion Parameters, calculated
SOLUTION !9..SS 461.602144251012
H2O M1.SS 347.563995068956
TDS(g/xg) 328.106912108175

Specified SolutJ.on DenSity
ODlSIT'l 1188.93254605459

.,,,' Solution Parameters Based on Specified Density

.'" SOLUTION VOL 0.388249228926247 liters
'I'DS 293.724084133903 gil

Density based on TDS and NaC1 sOlutions 1188.93254605459 gIL
Pereent relative error vs NaCl d!:nSity O. OOOOOOOOOOOOOOOE+OOO \c

TABLE OF CONCDlI'RATlOOS FOR BA.'I'CH SYSTEH

Descriptor

-6.17£-15
6 17E-15
1.85£-14
0.00£+00

-6.17£-15
0.00£+00
0.00£+00
1.23E-14

-3.53£_10
-2.45£+-02
~2. 38E+00
-2.98£+00
-2.99£+-02
-9.36£+02
-1.23£-01
-2.9SE+00
-7.91£+00
-7.9S£+00
-8.24£+00
-1.02£+01

...........

Molality Activity Act Coef Total Holes Molarity mg/liter

, .31822£-01 , . ii959E-01 0.9352 , 92928E+01 • 96918£+01 , 95208£+05, .99932£+00 , 00000£+00 1.000 1 47540£+00 , 95147£+00 J .15133£+06
5 .61096£+00 5 29329E+00 0.9434 , 95017E+00 5 02298£+00 , 78080E+05
5 .61057£+00 5 29268E+00 0.9433 , 95003E+-00 5 02263£+00 , 15469£+05
6 12705£-04 , 21978£-03 1. 991 2 12954E-04 5 48499£-04 , 47572.£+02
1 .86103£-04 , 12115£-03 2.904 , J4196£-04 1 .45643£-04 , 52117E+01, 26571E-04 , 38810£-05 0.3702 , 87 481£.05 , .02829£-04 , 23760£+01, 21872£-06 • 78095E-06 3.923 4.23582£-07 , 09101E-06 , 09962E-03, 33526£-07 , 42971£-07 1.820 4.64.090E-08 , 19534.E-07 1 .93334.E-02
J. 09384£-08 B.03343£-10 2.5966£-02 1.07531£-08 2 76963:£-08 J 66203E.-03
J 01685E-09 1.63977£-09 0.5435 1.04855E-09 , 70071E-09 •.59318£-05, 72186£-10 7.72186£-10 1.000 2.68384£-10 6 91267£-10 1.97740£-04, '38384£-11 5.13355£-16 2.5877£-05 6.89511E-12 , 77595£-11 6.90960£-06, 04381£-16 6.10703£·17 0.2988 i .10356E-17 , 82964£-16 5.54494£-11
1.25197£-16 9.87897£-26 7.8908£-10 4.35139£-1i , 12077£-16 5.03310£-11
0.00000£+00 O.OOOOOE+OO 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+-00 1.000 0.00000£+00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 0.00000£+-00
O.OOOOOE+OO O.OOOOOE+-OO 1.000 O.OOOOOE+-OO 0 00000£+00 0.00000£+00
O.OOOOOE+OO 1.00000£+00 1. 000 0.00000£+00 0 00000£+00 0.00000£..00
0.00000£+00 1.00000£+-00 1.000 0.00000£+-00 0 00000£+00 0.00000£+00
0.00000£+00 1.00000£+00 1.000 0.00000£+-00 0 00000£+00 0.00000£+-00
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 00000£+00 O.OOOOOE+OO
0.00000£+00 1.00000£+00 1.000 0.00000£+00 0 OOOOOE+OO O.OOOOOE+OO
0.00000£+00 1.00000£+00 1.000 O.OOOOOE+OO 0 OOOOOE+OO 0.00000£+00
O.OOOOOE+OO 1.00000£+00 1.000 0.00000£+00 0 00000£+00 O.OOOOOE+OO

5.9141
5.3205

1 241871
77.795863

5.611188
1188.93

- Water ·lllQlality· is mole fraction H2O in aqueous phase
Gas ·molality· and ·activity· are <;l"as partial pressures
·Descriptor· means'
-d:>/RT/lnlO for species with nonzero cones. (eonverg~ce criterion)
·Saturation Index for minerals. SI=1og-10IIAP/I':.sp)
·log10(activityJ for aqueous speeies with very s-.ll concentrations
·log10 (pa.::-tial pressure) for Qases .

NpO'
C02/aql
HC03-

pnH .. -log[m(H+l]
pH .. -log{aIH+) J
osmotic Coefficient..
Equilibrium RH I\l
Ionie Strengeh (m)

Density, xQ/mJ

.... ',.; H2O WATER

'".~ ~~2C03 (s) pNaNp02C03~~~

N.·NpO"
C02/aQ)

HC03-
H+ H+

'c'.' Np02C03~ Np02C03-
"'''. C03.. COJ"
y.- OH- OH-

Np0201Waql Np02OH(aql
"j" Np02(C03)2"- Np02 (COJ) 2 .. -
.,V Np02(OH)2- Np02(OH12-

Np02 (C03) 3..:::- Np02IC0313 c --
c"."; HCllaq).. .to titrate.acid.only
'~. Np020Hlagedl Np02OH(a,.edl

Np020HI amorl Np02OH(amor}
NaQHlaQ). . .to.titrate.base.only

...~ Na3Np02IC03l2(s)_DlSA.aLED_DI~

'. ~ NaCl Halite
NaHC03 Nahcolite
Na2C03.10H20 Natron
Na2COJ. 7H20~Il2C03-Heptahydrate

'S Na2COJ.H20 Thermonatrite
Na3HIC03)2.2H20 Trona

speeies Name

:."

::::;.

" ,., Total GIRT- -4. 633i9813£+03

--" .
:,:;; SUMMARY INFQRH1I.TJ:ON FOR ADDITION OF' OV(2) DV1l41 WOULD B£ HERE ..~.( ~ .

. ;.'~ Flashing Titration. 15
• inversions for batch pb1lll 22

:;~~ lBenchmark TITRATE Problerr1; N'p(V102 with C03 in 5.6lmolal NaCl FKT V2.0
\~( DATAaAS£: HHW84/FW86; NP(VJ-Na~C03-OH-Cl-Cl04 (N'R941;
',,;:' 95.01.31 ,lun{IIIl-Na_Cl_COJ_S04_P04 (FRSR89 , FRF90, P91, RFFR92.lU'F94.RRFF94)
,'~'~ Pressurec 1.00000£+00 {-J ....'IH ~rature" 2.98£+02 ["'j Kelvin

£lemental Al:;o..mdances for Flash Problem

Total Holes 1\q. Holality k:;I. Molarity Aq_ mg/liter
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-'.-,'

:-', ,
:..

.~,,,

-..<

',- .
'-";"

"'/

).95867206£+01
3.72253652£+01
5. n6019S6E..OO
o 00000000£...00
o 00000000£+00
0.00000000£+00
1 96468480£+00
o 00000000£+00
3.4936UOSE+OO
o 00000000£...00
o 00000000£+00
O.OOOOOOOOE OO
o 00000000£ 00
o 00000000£+00
o 00000000£+00
o 00000000£+00
o 00000000£.00
o 00000000£ 00
).4"15615'78£ 00
o 00000000£ 00
o 00000000£+00
o 00000000£... 00

-1.85235941£-15

1 11019649£+02
5.56624986£+01
5 61035435£ 00
o 00000000£ 00
o 00000000£ 00
o 00000000£+00
5 50989354£...00
o 00000000£.. 00
5 08618173£-02
o 00000000£.. 00
o 00000000£+00
o 00000000£+00
0.00000000£.. 00
0.00000000£+00
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
0.00000000£+00
2.881024098E-04
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO
O.OOOOOOOOE+OO

-5. 19488071E-15

9 94062599£+01
4 98398335£+01
5 02347422E+00
o OOOOOOOOE+OO
o OOOOOOOOE+OO
o OOOOOOOOE+OO
4 93352227E+00
o OOOOOOOOE+OO
4 55413352E-02
o OOOOOOOOE+OO
o 00000000£+00
o OOOOOOOOE+OO
o 00000000£+00
o OOOOOOOOE+OO
o 00000000£+00
o 00000000£+00
o OOOOOOOOE OO
o 00000000£ 00
2 57965074oE-04
o OOOOOOOOE+OO
o 00000000£+00
o 00000000£... 00

-4 65146187E-15

1 00191569£ 05 Hydrogen
7.97407433E 05 Oxygen
1 15488517E+05 SodiQfl'l
o 00000000£+00 Potassium
o OOOOOOOOE+OO Magnesium
o OOOOOOOOE+OO CalciUlll
1 74908165E+05 Chlorine
o 00000000£+00 Sulfur
5 46996977£...02 Carbon
o OOOOOOOOE+OO PosIon
o OOOOOOOOE... OO NegIon
o 00000000£+00 Air
o OOOOOOOOE"'OO Boron
o OOOOOOOOE+OO BrorlUne
o OOOOOOOOE OO TracerEl
o OOOOOOOOE OO Th(IVl
0.00000000£ 00 AmlIn)
O.OOOOOOOOE+OO O(v:I}

6.11501564E+01 NpIV}
0.00000000£... 00 C104- (£1.)

O.OOOOOOOOE+OO Phosphorus
O.OOOOOOOOE+OO Electron
0.00000000£+00 Charge

.'-",
,":'"

Solution Parameters, Calculated
SOLTJTION w.sS 473.339684533635
H2O MASS 356.5740034.17592
TDS (gllt9l 327 . 465491025424

or
or
g/kg'H20

'~~ ;

'.;,' Specified Solution Density
DENSIn 1188.60383111845 kg/m~3 _ gil

::~;.

.~ :~"

..... ,
Solution Parameters Based on Specified Density

SOLUTION VOL 0.398231666549681 liters
TDS 293.210437350984 gil

:"1, Density based on TDS and NaCl sol\ltiol'1$ 1188.60383111845 9/1
c'" Percent relative error vs NaCl density O.OOOOOOOOOOOOOOOE+OOO \

.~ :

::,,:; TABLE OF CONCDlI'RATIONS FOR BATCH SYSTEM -:..,,,

-;". Np02(OH}2- Np02(DH)2-
Na3HlC03l2 2H20 Trona
Na2C03 ,H2O 'I'hennonatrite
Na2C03. 7H20~!l.2C03-Heptahydrate
N!l.2C03.10H20 Natron

:-,' NaHC03 Nahcolite
..;.::: NaCl Halite
.;,~;- Na3Np02 (C03}2 (s)_OISABLED_DlSABLED

NaOH(aq} to.titrate.base.only
~,.~, Np02OHlamorJ Np02OH{a.mor)
1<::: Np02OH(aged} Np02OOlaged)
f.?,\ HC1(aq) to titrate.acid.only

'~2,~ H2O Wl'\.TER
(."'.~ NaNp02C03(s) NaNp02C03(s}
,",:., Na+ Na...

~v'_ C1- C1-
.;",.;\ C03,. C03..
:()~ HC03- HC03-
,,.,, 00- OH-

(..~.~' Np02(C03J2__ Np02(C03)2"'-
~.,~ N'p02{C03l3=__ Np02 (C03J 3""-
.. ,,'; Np02C03- Np02C03-
~",': CO2 (aq) CO2 (aq)

Np02... Np02+
Np02OH(aql NpD2OH(aq)
H+ H+

_" Species Name

Total GIRT>< -4.69179003£+03
TITRATE file rnune is U1: [SCBABB.FMT.USERGUIOE] NP_Wl.CL_IlM. TITRATE; 1

..-,

Descriptor

-1 54£-09
9 68£-10
2 18£-09
6 09£-12

-8 67£-08
-1 07E-09
3.69£-08

-3.80£-08
7 50E-08

-3.13E+00
-2 05E+00
·1 76E+00
-1 72E+00
-2 10E+00
-1 38£-01
-9 30£...02
-2 93E+02
-3.83£ 00
-3 23£ 00
-2.50£+02

'.,.,-',..,'.......
{ ~ji,'"

l<~'"\. \ .. "

\.,
'.'''- -..""~.

Molality Activity Act Cod Total Moles Molarity m;l/liter

32465E-01 7.79962£-01 0.9369 1. 97930£+01 4 97021E+01 8 95393£+05
74696E+00 1.00000£+00 1.000 3.47551:£... 00 8.72736E+00 3.07243£+06
61035E+00 5.26665E+00 0.9387 2.00051£+00 5 02347£...00 1 15489E+05
50989£+00 5.13884£...00 0.9327 1.96468£+00 4 93352E.. 00 1 74908£+05

4.83971E-02 1.24807E-03 2.5788E-02 1. 72571£-02 4 33344£-02 2 60046E+03
1.63010£-03 5.97114E-04 0.3663 5.81251£-04 1.45958£-03 8 90593E+01
6.55397£-04 3.58792£-04 0.5474 2.33698E-04 5.86839E-04 9.98054E+00
2.94209£-05 8.01487E-10 2.7242£-05 1.040907£-05 2 63433E-05 1 02493£... 01
2.58546!:-04 2.39623£-13 9.2681E-10 9.21906£-05 2 31500£-04 1 03961£+02
1.35468£-07 2. 44172E-07 1.802 4.83043£-08 1 21297£-07 3 99135E-02
1.25492£-08 3.64751£-08 2.907 4.47472£-09 1 12365£-08 4.94515E-04
4.11022E·I0 7.89015E-10 1.920 1.46560E-10 3.68027E-10 9 90165£-05
1.09291£-10 1.09291£-10 1.000 3.89705E-11 9 78589£-11 2.79929£-05
5.83272£-12 2.19064£-11 3.756 2.07980£·12 5 22258E-12 5.26384£-09
6.38945£-12 1.89128E-12 0.2960 2.27831E-12 5 72107£-12 1.73384£-06
O.OOOOOE+OO 1.00000£.. 00 1.000 0.00000£...00 o 00000£...00 0.00000£+00
O.OOOOOE+OO 1.00000E+00 1.000 0.00000£+00 o 00000£+00 0.00000£...00
0.00000£+00 1.00000E.. 00 1.000 O.OOOOOE+OO o 00000£':00 O.OOOOOE+OO
0.00000£...00 1.00000E+00 1.000 O.OOOOOE+OO 0.00000£...00 0.00000£...00
0.00000£+00 1.00000E+00 1.000 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£...00 1.00000E+00 1.000 0.00000£+00 0.00000£...00 0.00000£...00
0.00000£+00 1.00000£...00 1.000 0.00000£....00 0.00000£...00 O.OOOOOE+OO
0.00000£...00 O.OOOOOE+OO 1.000 0.00000:£+00 O.OOOOOE+OO 0.00000£...00
0.00000£+00 1.00000£... 00 1.000 0.00000£+00 0.00000£...00 0.00000£+00
0.00000£...00 1.00000£+00 1.000 O.OOOOOE+OO 0.00000£...00 0.00000£... 00
0.00000£+00 O.OOOOOE+OO 1.000 0.00000£+00 O.OOOOOE+OO 0.00000£+00

11.2341
10.6594

1.234823
77 .996177
5.66U25

1188.60

Water "molality· is mole fraction H2O in aqueous phase
Gas "molality" and -activity" are gas partial pressures
"Descriptor" means:
*dG/RT/1n10 for species with non%ero concs. lconvergence criterion)
*Saturation:Index for minerals. SI=10910(IAP/Ksp)
*10910Iactivity) for aqu.eous species with very small concentrations
-1og10lpartial presS1.lre) for <;lases

pIlIH .. -log[m(H... )]
pH .. -l09!alH... } J
Osmotic Coefficient_
Equilibrium RH I\}
Ionic Strenqth 1m)
Density, kg/mJ

NOTES,

4 .• '.·

~0';

~:~(.

".,'
r.~, :
1",
'~;::'.

';;~'i

".~,)

.::~;

.' ~,~

"'

.;',.

.: ~

...~~:

UJ
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Appendix P: Sample Output File "Np_NaCI_BM.OUT'

HOLES file name is U1: [SCBABB.FMT.OS£RGUIOE)NP_w"CL_BM.HOLES;l
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Appendix Q: Sample Output File "BATCH_DOC.FOROSS"

Appendix Q: Sample Output File "BATCH_DOC.FOR088"

See Table 28 for explanation of this listing.

5 5061181"(793)2£..01 H2O WATER 5.550868155779565£.. 01
2.000000000000000£-01 N.... N•• 2.01625.6)903""10£-01
1.00000000000000lE-02 K.. K.. 1.008127319517206£-02

~ 9.!JOill298760"S04£-OS ca... Ca•• 1.0011540903541]7[-04
1.089876U50.47J4£-OS Hg_ "9". 1.09111340763576966£-08
3 .51411"85249377£-08 HgOH. KqOM. 3.542679857127635£-08
1.9165391896111380£-1) H. M" 1. '3211S6168S5898E-13

.' 1. 09999",,"""£-01 C1- C1- 1.108"00511.68925£-01

.:. 9.""9""9S9653£-0' 504.. ~. 1.008121319S1.3137£-03
4.0351912'0945192£-lS XSOf- ~- 4. 067"65294733110E-1S
'.800006ti267U'04£-02 00- Cfl- , 117!l6SU118fill162E-02
1.0'206441n£301!i5r;-01 MC03- lL.'"O)- 1 10(9)991S111625[-01
9.91991260)9057.. ,,£-OS COla CO). 1 000053490322044£-04
2.193596324564590£-14 C02(&c;} C02l~1 2 21UU382186093E-!4
6.9161410551'3898£-07 c:aC03laq) CaCO)laql 6 972356"2683624£-01
5.2"U"'075UOS£-1l MlJC03laq) JigCO)laql S J220SS12788)55S£-1l
1.640710852)00863£-11 BlOHJ31aqi BIOH)J laql 1.654105921272029£-11
9.989705241502765£-08 BIOHI ,- BIOttI'- 1.0070e9.. ,n9)U2[-07
0.000000000000000£..00 8)031OHI ,- 8)0310111 ,- 0.000000000000000£..00

_. 0.000000000000000£..00 1"05 (CHU.. 8.05 (OHI I.. 0.000000000000000£..00
.. , 8. 653)68U8l~67JaE-11CaBIOHI.... CaBIOHI." 8.723"7139181022£-11

6 .lJU361501116349E-1S HgBlOHI4.. Klj"B1OtO •• 6.18"'9592U10JOJ£-15
;", O. OOOOOOOOOOOOOOOE..OO 8r- !Jr- 0.000000000000000£..00
.i:~ 0.000000000000000£.. 00 C104- pe:reblorate C104- 0.000000000000000£..00

0.000000000000000£.. 00 NeCR (aql to titute .l:>&se. only 0.000000000000000£..00
0.000000000000000£.. 00 MCl (aq) to titrate.ac:id.on1y 0.000000000000000£..00

•. , O. OOOOOOOOOOOOOOOE..OO HC104 laq) to titrate.ac::id.on1y 0.000000000000000£+00
,: .., o. ooooooooooOOOOO1!."OO PosIon POSIT1V'l. .l~ 0.000000000000000£..00
;::: 0.000000000000000£..00 Neg-Ion. . NEXiAT:rv£. ION 0.000000000000000£..00
:.:. 0.000000000000000£.. 00 POdon (OM) (aQ) to. titrate .base 0.000000000000000£..00
'., 0.000000000000000£.. 00 HNeglon (aQ) . . . to. titrate. aeid 0.000000000000000£..00

0.000000000000000£..00 Tnc:er (aQ) .....eonservatiVll:. traee'r 0.000000000000000£+00
.;... 0.000000000000000£..00 H3P04IaQ) NJP04 (aql O. OOOOOOOOOOOOOOOE..OO
.,.. 0.000000000000000£..00 H2P04- !'t2P04· 0.000000000000000£..00

0.000000000000000£"00 HPQ4.. MP04. 0.000000000000000£..00
O.OOOOOOOOOOOOOOO!:..OO P04 .. - ?04"- 0.000000000000000£+00

" 0.000000000000000£..00 Np02.. Np02. 0.000000000000000£+00
0.000000000000000£..00 Np02OH(aql N\'02~I~l 0.000000000000000£..00

','" 0.000000000000000£.00 Np02 (OH12- N'p021OH12- 0.000000000000000£.. 00
0.000000000000000£+00 Np02CO)- Np02C03- 0.000000000000000£..00

f.'. 0,000000000000000£..00 N;102ICOJ) 2 .. - N'p021C<l3 12;- 0.000000000000000£..00
.:;:; 0.000000000000000£..00 Np02ICO))J .... - Np02ICO)J) .... • 0.000000000000000£..00
~ .. 0.000000000000000£..00 A-.... ~40" 0.000000000000000£4000
_, O.OOOOOOOOOOGOOOO£.OO AIrC03.. l'.lrCO) .. (). 000000000000000£0..00
.::: 0.000000000000000£...00 :AmlCOJ }2- MfC0312- 0.000000000000000£..00

0.000000000000000£..00 AmlCOJ I ]a_ Anl ICO] I ] .. - O.OOOOtlOOOOOOOOOO£..OO
f.'. 0.000000000000000£+00 AmIOH}2.. A/:IIOHI2.. O.OOOOCOOOOCOOOOO£.OO
/.::. 0.000000000000000£..00 hlaIOHI3(aq} M(OHl) Iaql 0.000000000000000£"00
••" 0.000000000000000£.00 -nr....... Th··..• 0.000000000000000£..00
.... 0.000000000000000£..00002.... UIVII02..·0.000000000000000£..00
:=: 0.000000000000000£..00 Np02e.t1 aoedl Np02Ot1 Iaqllldl O. OOOOOOOOOOOOOOOE..OO
_ .. 0.000000000000000£.00 Np02OH(amorl Np02OHlamori 0.000000000000000£..00
.,", O. 000000000000000£..00 Na..~C03(sl Na.~2C03Is1 O.OOOOOOOOOOOOOOOE..OO
~.! 0.000000000000000£.. 00 NaJl.\:102(CO)21s1_DISAaLEDJUSAB1.EIl 0.000000000000000£.. 00
" 0.000000000000000£.. 00 AmOttCOJ (e) M()KCQJ leI 0.000000000000000£"00
...' O.OOGOOOOOOOOOOOOE.. OO M(CHI J Is} AD\IOH131s1 0.000000000000000£·00
;''' 0.000000000000000£.. 00 NaAIlllC0312 6H20 (e) 0.000000000000000£4000
:::. 0.000000000000000£... 00 MIPO;\ leI ~ (el 0,000000000000000£...00
~:! 0 .000000000000000£..00 C~ AAhyd,riu 0,000000000000000£..00
,;. 0.000000000000000£.. 00 NalO (SQ4.12_~thit.a.1ite'Clasuit~O.oooooooaOOOOOOCE...OO
., 0.000000000000000£..00 CaC12.6H20 Antaretieiu 0.000000000000000£..00
~·.1 0.000000000000000£.00 CaC03 Anqonite: 0.000000000000000£..00
Ii.~ 0.000000000000000£..00 J::2S04 Areatli te 0.000000000000000£..00
\;.: 0.000000000000000£.00 MgC.12.6H20 BisehOlite 0.000000000000000£.00

0.000000000000000£.00 Na2Kg (504)2 <4H20 810edite 0.000000000000000£..00
<... 9.9"SJ9072)16642£-04 MglOHJ2 8rueit.e 1.0060808521"262£·03
!':. 0.000000000000000£.. 00 Nlt.6COJ ISO')2 lIW"il.eiu 0.000000000000000£.00
~.,. 0.000000000000000£.000 CaC03 C.leit.e 0.000000000000000£..00
·;1 0.000000000000000£.00 CaC12. 'H20 CBC12_Tetrahydriu 0.000000000000000£.00
.• ' O. 000000000000000£-000 C~.C121OH16.lJH20_CaOXyehloride A 0.000000000000000£·00

0.000000000000000£.000 Ca2C12IOHI2 . H20__C&O><yehlorick- a 0.000000000000000£..00
":~ 0.000000000000000£..00 KMgClJ.6H20 Camelliu 0.000000000000000£..00

0.000000000000000£.00 H<;S04. 7H20 £pJ:oa.i U' 0.000000000000000£..00
0.000000000000000£..00 Cana2lC03 12. SH20 C.yl\.l.Ssi te 0.000000000000000£:..00

~;; 0.000000000000000£..00 Na2Cai S0412 G1auberitc 0.000000000000000£..00
't.) 0.000000000000000£.00 C&SQ4. 2H20 CytlSUIIl 0.000000000000000£.. 00

0.000000000000000£.00 Nae1 HAli te 0.000000000000000£.. 00
0.000000000000000£..00 HqS04. 6H20 Hexabydriu 0.000000000000000£..00
0.000000000000000£.. 00 1OiqC1S04. 3H20 K"lIiniu 0.000000000000000£.00
0.000000000000000£:..00 KHCO) K.II.1ieini u 0.000000000000000£+00
o .OOOOOOOOOOOOOOOE"OO HoS04.H20 Kias.rite 0.000000000000000£.. 00
0.000000000000000£..00 KlHq IS04):2 4H20 l.eoni te 0.000000000000000£..00
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Appendix Q: Sample Output File "BATCH_DOC.FOR088"

;~:: o.ooooooooooooooo£~oo N.II.4CalS04I ) .2K2O Labile_S.lt 0 0000000000000002+00
~.; O.OOOOOOOOOOOOOOO£~OOMgCOJ Ko9Msite 0 000000000000000£+00
.. 0 .OOOOOOOOOOOOOOO£~OO Hg2Cl10H)) .4H20 HgOxycbloriee 0.000000000000000£·00

:. ,. 0.000000000000000£.00 KHS04 ~c.L1ia 0.000000000000000£.00
':' 0.0000000000000001::.00 Na.2S04.10H20 Hirabilite 0.000000000000000£+00
,,~' O. 000000000000000r;.00 X8HiS (SOC 17 Kiseni.te O. OQOOOOOOOOOOOQObOO
;:1 0.000000000000000£.00 l'alCOJ Nahcolite 0.000000000000000£.00
.•• O. OOOOOOOOOOOOOODlo.OO Na2CO) .10K20 Natrotl 0.000000000000000£.00
t·, 0.000000000000000£.00 KgCO) .JH20 NUqlJel\Qniu 0.000000000000000£.00
.;.. 0.000000000000000£.00 K2Mq lS(4) 2. !OKlO Picrcmerite/Scboen 0.000000000000000£·00
... 0.000000000000000£.00 l'a2CaICOJ) 2 .2!!::20 piruonite 0.000000000000000£.00
.... 0.000000000000000£.00 IQJo!9(:al (50<41 (, .2H20 Polyhalite 0.000000000000000£.00

0.000000000000000£.00 Ca (0012 Pcrtlatldite 0.000000000000000£·00
.• O.a.DOOOOOOOOOOOOO£.OO K2COJ .J/2H20_Potassi~Carbonate 0.000000000000000£+00

0.000000000000000£.00 JC!KCo (COJ) is. JH20_X-.5equicarbonate: 0.000000000000000£.00
0.000000000000000£.00 P:Na..."'OJ. 6H20 X-Na-Cnbonat.. 0.000000000000000£·00
0.000000000000000£.00 JaNa.H (COJ 12. 2H20_Pota.5J1i=-_1Yon. 0.000000000000000£·00

.,-; 0.000000000000000£.00 JOH(S0412_5esqul.potassiWl:l".S\llfate 0.000000000000000£.00
-,.; 0.000000000000000£.00 Na.JH 1504' 2__Suquisodi\lm_S\llbte 0.000000000000000£.00

0.000000000000000£.00 s.a2COJ. lH20__Na1COJ-ile;lt ...·'1y.:lnte O. OOOOOOOOOllOOOOOE.OO
._. 0.000000000000000£.00 ItCl Sylvl.u· 0.000000000000000£.00
:;;'. 0.000000000000000£.00 1Oca.ISOG 12 .H20 SYl"9eni:. 0.000000000000000£.00
';:r O. OOOOOOOOOOOOOOOE.OO Mq2C.Clf> .12H20 T.Ilc:hyhydri:. 0.000000000000000£·00
':::' 0.000000000000000£.00 Na2SO' ~enardic.e O.OOOOOOOOOOOOOOOE~OO

.. " 0 .000000000000000£.00 Sa2COJ .H20 The>;1llQrnltrit~ 0.000000000000000£.00
',(::., 0.000000000000000£..00 !taJHlCOJI2.2H20 'trona. 0.000000000000000£·00
:i.;t; 0.000000000000000£.00 N..2B401 .10H20 Bor~ 0.000000000000000£.00
, ". O. OOOOOOOOOOOOOOOE.OO B(OMI J BorixJol;id_SOlid 0.000000000000000£.00

0.000000000000000£.00 KB50B .4.H20__K~"-'ntaborat~_130_CI 0 .000000000000000£..00
.• .; 0.000000000000000£.00 K2B.07. 'H20_l'-'I'etra.borat~_!JO_CI0.000000000000000£.00
..• ~ O. OOOOOOOOOOOOOOOE~OO Na802 .4H20 SodiWIIJletaborat~ 0.000000000000000£.00

.. 0.000000000000000£.00 NaBS08.Sil20__SQdiwn_Pen.taborate 0.000000000000000£.00
0.000000000000000£.00 1'1.802 .NaCl.2H20_Teepleite_ (20_C) 0.000000000000000£..00

,
,
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Appendix R: Sample Output File "Np_NaCI_BM_LOG.TITRATE"

Appendix R: Sample Output File "Np_NaCl_BM_LOG.TITRATE"

See Table 29 for explaitation oftliis listing.

aenctauk T!"11l.A'ft': Probll!Sll. LOG10 option; NplVl02 ",iUl CO) in 5.61J1101al NaCl ntt V2.0
'/ D.J.TABA$t: lH<f84/PW86; N;I(VI-Na-COJ-oH-C1-CIOC fNR94 I ;

95.01.31 Alrl! IU! -Nll-CI-C'03-S04-P04 (FJlSR89. l"RF90. P91 ll.Ff1I.92. RFT!t4. RJ.FF!t41

WPQ # 28119
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Titrant
1
2
)

•
S

•,
8

•10
11
12
11

""

VolWll1l!s per Grid. Block.
0.000000 =L

0.100000 ~
0.142510 CIL

0.203092 ~
0.289427 "-"l.
0.4120163 ..:.
0.587802 L

0.837678 IIIl..
1.19)777 IIIl..

1.701254 .I.
2.424462 ...
3.455107 lI'Il.
4.923683 ....l.
7.017038 IJlL

10.000000 lIIL

in milliliters

:'; TitratiOtl Result.s. molal

.....

"'0
1) 1.92928£...01
21 1.92978£..-01
3) 1.92999t.01
4) 1.93029t+Ol
Sl 1.93072£+01
6) 1. 93133t·Ol
7) 1.93221£+01
81 1.933f.6£+01
9) 1.91524t+01

101 1.93778£+01
11l 1.910140£ 01
121 1.94655£ 01
1J 1 1.9SHOt 01
H} 1.'64372 01
IS} 1. 97930t+01

N••

S 51057£+00
S 61014£+00
5 51003£+00
5 51000t+00
5 61000t.00
5 51000t+00
5.61001t+00
5.61001t+00
5.61002£+00
5.61003£+00
5.61004£.00
5.61007£.00
5.61012£+00
5.61021£...00
5.61035t.00

K.

o OOOOOt.OO
o 00000£"'00
o 00000£...00
o 00000£.+00
o 00000£.00
0.00000£+00
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£+00
0.00000£...00
O.OOOOOt·OO
0.00000£ 00
0.00000£ 00

Ca·.
0.00000£'.00
0.00000£' 00
O.OOOOOt OO
0.00000£'.00
0.00000£ 00
O.OOOOOt OO
O.OOOOOt.OO
0.00000£.00
0.00000£"'00
0.00000£.00
0.00000£.00
0.00000£...00
0.00000£.00
0.00000£"'00
O.OOOOOt.OO

Mg+...

0.00000£ 00
O.OOOOOt OO
0.00000£.. 00
0.00000£ 00
0.00000£ 00
0.00000£+00
0.00000£+00
0.00000£.00
0.00000£+00
O.OOOOOt+OO
0.00000£...00
O.OOOOOt+OO
O.OOOOOt... OO
O.OOOOOt.OO
0.00000£+00

HqOH.

0.00000£+00
0.00000£+00
0.00000£...00
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£...00
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£.00
0.00000£.00
0.00000£... 00
0.00000£+00

H.
1 21872£-06
5 77346t-07
2 58813£-07
2 '1065t-09
3 42512£-10
1 52979£-10
8 66954£-11
5 44489£-11
3.62550t-11
2 51051£-11
1 79163£-11
1 31074£-11
9 80463£-12
7.487)3£-12
5 83272t-1-,

e'·
5.61096£.00
5.609931:+00
5.60'5(1£.00
5.60889£+00
S.60800£+00
5.60673£·00
S.6049.1£"'00
5.60233£+00
5.59866£+00
5.5934)£+00
5.58601£.00
5.57548t+00
5.56057£+00
5.53952£.00
5.50'S!IIE+00

so••
0.00000£+00
0.00000£... 00
O.OOOOOt+OO
0.00000£...00
0.00000£+00
0.00000£ 00
0.00000£ 00
O.OOooOt OO
O.OOOOOt+OO
O.OOOOOt+OO
0.000001:.00
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£ 00

llSO<-
1) O. OOOOOt+OO
2) O. OOOOOt+OO
3) O.OOOOOE.OO
4o) 0.00000£..00
5) O. OOOOOt.OO
61 0.000001:..00
71 0.00000£.00
81 O. ooooOt.OO
91 o. OooOOt.OO

10 I 0.00000£.00
111 0.00000£+00
121 0.00000£+00
131 O. OOOOOE+OO
14 I 0.00000£+00
15 I 0.00000£+00

11

"11

"51

"7'
81

"10'
111
121
111

'"151

B30JIOKI4
O.OOOOOt.OO
0.00000£..00
0.00000£.00
O.OOOOOt.OO
O.OOOOOt+OO
O.OOOOOt+OO
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£.00
0.00000£.00
0.00000£.00
0.00000£.00
O.OOOOOt.OO

ON

3.01685t-09
Ii. 31029£-09
1.42123£-08
1.261!17t·06
1.074.1.7t-05
2.'0684£-05
'.24988£-05
6.77JJ7I:-05
1.0186St-O'
1.4137'£-001
2.07U3t-00l
2.54255£-04
3.82200t-04
S.0415U£-04
6.55397t-0'

8405 (OHI 4_
0.00000£+00
O.OOOOOt... OO
0.00000£+00
0.00000£...00
0.00000£"'00
O.OOOOOt.OO
0.00000£...00
0.00000£.00
0.00000£"'00
O.OOOOOt... OO
0.00000£.00
0.00000£...00
0.00000£.00
0.00000£.00
0.00000£.00

NCO)
2.215S"Il£-04
3.1122UE-04
5.79856£-04
9.'21560t-0'
1.00903£-03
1.022~6E-OJ

1.04013£-OJ
06SUE-03

1 09867£-OJ
1 1429l£-OJ
1 20082t-03
1 27533t-03
1 369S6t-03
1. '8672£-03
1. 63010£-03

C&B(CliI4.
0.000002;...00
0.00000£.00
0.00000£"'00
0.00000£.00
0.00000£...00
0.00000£.00
O.OOOOOE... OO
0.00000£.00
0.00000&+00
0.00000£.00
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£"'00

CO)·
].09)84£·08
1.10UU-07
J.72"9£-07
5.67888£-05
'.90717£-04
1.11]98£-03
2.00201£-03
3.266S6E-Ol
S.0662'£-03
7.62552£-03
1.1260't-02
1.601154£-02
2.3"1058£-02
3. :39812t-02
4.83971£-02

KqBICli14.
0.00000£·00
0.00000£...00
0.00000£.00
0.00000£.00
0.00000£ 00
0.00000£ 00
0.00000£"'00
0.00000£ 00
O.OOOOOt OO
0.00000£.00
O.OOOOOt...OO
0.00000£"'00
O.OOOOOt... OO
0.00000£.00
0.00000£... 00

C02laq)
3.815103£-04
3.08476£-04
2.09763£-04
".03"145£-06
4.827021:-07
2.18328£·07
1.2S"9£-07
8.07635£-08
S.5H05!-08
).97510£-08
2. '''65£-08
2.29Un-oS
1.82542t-OS
1.UU8£-08
1.25,"2£-08

Br_
o 00000£ 00
o 00000£ 00
o 00000£ 00
o 00000£ 00
o OOOOOt OO
o 00000£<.00
o OOOOOt... OO
o OOOOOt.OO
o 00000£...00
O.OOOOOt.OO
0.00000£ 00
O.OOOOOt OO
0.00000£ 00
0.00000£ 00
0.00000£ 00

Caro3laq)
O.OOOOOt.OO
0.00000£...00
O.OOOOOt.OO
0.00000£ 00
0.00000£ 00
0.00000£.00
0.00000£+00
0.00000£.00
0.00000£...00
0.00000£.00
O.OOOOOt...OO
0.00000£.00
0.00000£...00
0.00000£.00
O.OOOOOt.OO

CI04-
O.OOOOOt OO
O.OOOOOt OO
0.00000£ 00
O.OOOOOt OO
0.00000£ 00
0.00000£ 00
0.00000£ 00
0.00000£.00
0.00000£"'00
0.00000£ 00
0.00000£ 00
0.00000£.00
0.00000£ 00
0.00000£ 00
0.00000£+00

MgC'03laqi
O.OOOOOt OO
0.00000£ 00
0.00000£"'00
0.00000£"'00
0.00000£.00
0.00000£"'00
0.00000£.00
0.00000£ 00
O.OOOOOt O(l
O.OOOOOt OO
0.00000£ 00
0.00000£.00
O.OOOOOt.OO
0.00000£...00
0.00000£.00

NaOHlaQI.
O.OOOO(lt...O(l
O.OOOOOt.OO
O.OOOOOt"'O(l
O.OOOOOt.OO
O.OOOOOt OO
0.00000£ 00
0.00000£<.00
O.OOOOOE... OO
0.00000£<.00
0.00000£...00
O.OOOOOt.OO
O.OOOOOE...OO
0.00000£.00
0.00000£ 00
0.00000£ 00

lHOffIJ laql
0.00000£"'00
0.00000£...00
0.00000£.00
0.00000£.00
0.00000£.00
0.00000£...00
0.00000£..00
0.00000£...00
0.00000£"'00
0.00000£...00
0.00000£.00
0.00000£.00
0.00000£.00
0.00000£ 00
0.00000£ 00

He1 (al:l) .
O.OOOOOt OO
0.00000£ 00
0.00000£"'00
0.00000£... 00
0.00000£.00
O.OOOOOt.OO
0.00000£·00
O.OOOOOt...OO
0.00000£.00
0.00000£.00
0.00000£·00
0.00000£.00
0.00000£.00
O.OOOOOt+OO
0.00000£+00

BIO'f)4-
0.0(1000£ 00
0.00000£ 00
0.00000£.00
O.OOOOOE...OO
0.000002.00
0.00000£ 00
0.00000£ 00
0.00000£.00
0.000002...00
0.00000£+00
O.OOOOOt.OO
0.00000£ 00
O.OOOOOt OO
O.OOOOOt+OO
0.00000£...00

HC10(, laql.
O.OOOOOt+OO
0.00000£ 00
0.00000£ 00
0.00000£<.00
O.OOOOOt...OO
O.OOOOOt.OO
0.00000£...00
0.00000£0000
0.00000£...00
0.00000£.00
0.00000£.00
0.00000£..00
O.OOOOOt OO
0.00000£ 00
0.00000£ 00

11

"11.,
51

J'o$Ion .....
0.00000£+00
O.OOOOOt.OO
0.00000£+00
0.00000£+00
O.OOOOOt..OO

Neq:J:on.
O.OOOOOt OO
O.OOOOOt OO
0.00000£+00
0.00000£+00
0.00000£...00

i>osIonlOHI faQ HNe91onlaC;l.
O.OOOOOt.OO 0.00000£' 00
0.00000£"'00 0 .00000£ 00
0.00000£.00 o. OOOOOt OO
0.00000£ 00 O. OOOOOt OO
0.00000£ 00 O. OOOOOt.OO

'tracer l al:ll ..
0.00000£.00
0.00000£...00
0.00000£+00
O.OOOOOt... OO
0.00000£+00

H3P04laql
O.OOOOOt+OO
0.00000£+00
0.00000£+00
0.00000£.00
O.OOOOOt+OO

"'1'0<
0.00000£.00
0.000001: ...00
O.OOOOOt..OO
0.00000£ 00
0.00000£ 00

HPO"
0.00000£+00
O.OOOOOt+OO
0.00000£+00
0.00000£...00
0.00000£·00

1'0< .
0.00000£... 00
0.00000£+00
O.OOOOOt...OO
0.00000£+00
O.OOOOOt...OO
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Appendix R: Sample Output File "Np_NaCLBM_LOG.TITRATE"-

" 00000£+00 0 OOOOOE...OO 0 00000£...00 000002...00 0.00000£...00 00000£...00 0.00000£+00 0 00000£... 00 0 00000£.00

71 00000£+00 0 000002...00 0 00000£...00 00000£+00 0.00000£...00 00000£+00 0.00000£...00 0 00000£.00 0 00000£+00
BI 00000£...00 0 00000£+00 0 00000£+00 00000£...00 0.00000£+00 0.00000£+00 0.00000£...00 0 00000£+00 0 00000£+00

" 00000£...00 0 00000£+00 0 00000:£+00 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 0 .00000£..00 0 00000£.00

10l 00000£...00 0 00000£+00 0 00000£+00 00000£+00 0.00000£+00 0.00000£+00 0.00000£...00 0 00000£...00 0 OOOOOE... OO

11' 0.00000£+00 0 00000£...00 0 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 0 00000£·00 0 .00000£.00

12' 0.00000£.00 0 00000£.00 0 00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0 00000£.00 0 00000£.00
13) 0.00000£.00 0 00000£.00 0 00000£.00 0.00000£.00 0.00000£.00 0.00000£+00 0.00000£.00 0 00000:£.00 0 00000£.00

'" 0.00000£.00 0 00000£.00 0 00000:£.00 0.00000£.00 0.00000:£.00 0.00000£.00 0.00000:£.00 0 00000:£.00 0 .00000£.00

15' 0.00000£.00 0 00000:£.00 0 00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0 00000£.00 0 .00000£.00

Np02. Np010Hlaql NpOl lOHJ1- Np01C03- Np02IC03)2.. - Np02lC03)3""'-
Am__

ArICO). Am(C03)2-

11 '6.12705£-0", 7.72186£-10 2.04381£-16 1.33526£-07 1. 98384£-11 1.25197E-16 0.00000£.00 0.00000:£.00 0.00000£.00

2J 1. 72085:£-04 4.57851£-10 2.55903'£-16 1.33573£-07 7.06677£-11 1.58546£-15 O.OOOOOE.OO 0.00000£.00 o OOOOOE.OO
3) 5.08519£-05 3.01826£-10 3.76383£-16 1.33591£-07 2.39201:£-10 1.81540£-14 O.OOOOOE·OO 0.00000:£.00 0.00000£.00

" 3.34101£-07 1.76339£-10 1.95583:£-14 1.33613£-07 3.64205£-08 4.20660E-10 0.00000£.00 0.00000:£.00 0.00000£.00

" 3.86807£-08 1.73507£-10 1.63614£-13 1.33630£-07 ) .14571£-07 3.13656E-08 0.00000£.00 0.00000:£.00 0.00000£.. 00

" 1.70494:£-08 1.71249£-10 3.61806£-13 1.33654£-07 7.13649£-07 1.61312£-07 0.00000£.00 0.00000£..00 O.OOOOOE.OO

" 9.49498£-09 1.68316£-10 6.28105£-13 1.33688£-07 1.28137£-06 5.19502E-07 0.00000£.00 0.00000£.00 0.00000£.. 00

8J 5.82643:£-09 1.64493E-10 9.78743:£-13 1.33737£-07 2.08796£-06 1.37733£-06 0.00000£.00 0.00000:£..00 O.OOOOOE.OO
..:\ " 3.76324£-09 1.59617£-10 1.42919£-12 1.33806£-07 3.23222£-06 3.29354E-06 0.00000£..00 0.00000£.00 0.00000£.00

.. 101 2.506UE-09 1.53583£-10 1.99131£-12 1.33905£-07 4.85191E-06 7.39875E:-06 O.OOOOOE.OO 0.00000£.00 O.OOOOOE.OO

111 1. 70329£-09 1.46370£-10 2.67040:£-12 1.34044£-07 7.13717£-06 1. 59398£-05 O.OOOOOE.OO 0.00000£..00 0.00000£.00
: ~~. 12J 1. 17432E-09 1.38078E-10 3.46327£-12 1.34242£-07 1. 03463E-05 3.32873£-05 0.00000£.00 0.00000£.00 0.00000£.00

lJ' 8.18986£-10 1.28920£-10 4.35852£-12 1.34522£-07 1.48219£-05 6.77047£-05 0.00000£..00 0.00000:£.00 O.OOOOOE.OO

'" 5.77122E-10 1.19205E-10 5.33952:£-12 1.34916:£-07 .2 .10028£-05 1.34208E-04 O.OOOOOE..OO 0.00000:£.00 0.00000:£.00
";" '" 4 .11022£-10 1.09291E-10 6.38945£-12 1.35468£-07 2.94209£-05 2.58546E-04 O.OOOOOE.OO 0.00000:£.00 0.00000:£.00

AmlC03 l ) .. - AmlOHl2.. 1Im(OH) 3 (aqJ Th+.... ,"'- Np02OH(aged)_ Np02OHlamor)_ NaNpO.2C03ls)_ Na3Np02lC0312

11 0.00000:£.00 O.OOOOOE+OO O.OOOOOE+OO O.OOOOOE.. OO O.OOOOOE"OO 0.00000:£.00 0.00000:£.00 9.99932:£.00 0.00000:£.00

2J 0.00000:£..00 0.00000:£.00 0.00000£.00 0.00000£..00 0.00000£.00 O.OOOOOE.OO 0.00000:£.00 9.99718E+00 0.00000£.00

3) 0.00000£..00 0.00000£.. 00 0.00000£.00 0.00000£..00 0.00000£.00 0.00000£.00 0.00000:£.00 9.99622E.. 00 0.00000£.00

" 0.000001::.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 O.OOOOOE+OO 0.00000£.00 O.OOOOOE.OO 9.99473E.. 00 0.00000:£.00

" O.OOOOOE.OO 0.00000£.. 00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000:£.00 0.00000£.00 9.99250£.. 00 0.00000£.00

" 0.00000£.00 0.00000£.. 00 0.00000£.00 0.00000£.00 0.00000£..00 O.OOOOOE.OO 0.00000£.00 9.98931£.00 O.OOOOOE.OO

" 0.00000£.00 0.00000£+00 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£+00 0.00000£.00 9.98478£.00 0.00000£.00

" 0.00000£.00 0.00000£... 00 0.00000£.00 0.00000£.00 O.OOOOOE.OO O.OOOOOE.OO O.OOOOOE.OO 9.97832£.00 O.OOOOOE.OO

" O.OOOOOE.OO 0.00000£+00 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 9.96914E.. 00 0.00000:£+00

101 0.00000£.00 O. DOOOOE"OO 0.00000:£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 9.95607£.00 0.00000£.00

<- 111 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£.00 9.93i51E.. 00 0.00000£.00

12) 0.00000£.. 00 0.00000£.. 00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 9.91117E..00 0.00000:£.00
,. lJJ 0.00000£.00 0.00000£..00 0.00000£+00 0.00000£..00 0.00000£.. 00 0.00000£.00 0.00000£.00 9.87396£.00 0.00000:£.00.- .~., 14' 0.00000£..00 0.00000£..00 0.00000£+00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 9.82115£.00 0.00000£.00

lSi 0_00000£+00 0,00000£+00 0.00000£..00 O.OOOOOE.OO O.OOOOOE.OO 0.00000£.00 0.00000£.00 9.74696£.00 0.00000£+00

ArrOHCO)le)_ 1Im(OHlJlsl_ NaAmlC03J2.6H AmP04{e) __ C&504____ NaK3(S04)2_A Cll.C12.6H20_ CaC03____ K2S04____

lJ 0.00000£.00 o .OOOOOE.OO 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00
.-, . 2) 0.00000£.00 0.00000£.. 00 0.00000£.. 00 O.OOOOOE.OO 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£...00

JJ 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£..00 0.00000£.00 O.OOOOOE.OO 0.00000:£.00., 0.00000£+00 0.00000£+00 0.00000£..00 0.00000£..00 0.00000£.00 0.00000£.00 0.00000:£.00 0.00000£.00 0.00000£.00

SI 0.00000£.. 00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£..00 0.00000£.00 0.00000£.00 O.OOOOOE..OO o 00000£.00

~ :o~ " 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£.00 0.00000£.00 0.00000:£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00

" 0.00000£+00 0.00000£+00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£+00
"<>- 8J O.OOOOOE.OO 0.00000£.00 0.00000£.00 O.OOOOOE.OO O.OOOOOE.OO O.OOOOOE.OO 0.00000£.00 O.OOOOOE.OO 0.00000£.00

" 0.00000£.00 0.00000£.. 00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£..00 O.OOOOOE.OO 0.00000£+00
., 101 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£-+00 0.00000£.00 0.00000£.00 0.00000£.00

llJ 0.00000£.00 0.00000£.00 0.00000£.00 0.00000:£.00 O.OOOOOE.OO 0.00000£+00 0.00000£..00 O.OOOOOE.OO 0.00000£.00

12) O.OOOOOE.OO 0.00000£.. 00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000:£.00 0.00000£.00 0.00000£.00 O.OOOOOE..OO
~ ~ lJJ 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000:£.00 0.00000£.00 O.OOOOOE.OO
:~ , '" O.OOOOOE.OO 0.00000£..00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000:£.00

'" 0.00000£+00 o .00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£-+00 0.00000£.. 00 0.00000£.00 0.00000£+00 0.00000£.00

;: HqC12.6H20_ NlL2Hq l S04 J 2 4 M;{OH)2___ Na6C03lS04)2_ CaC03____ CaC1:2.4H20_ CdC12lOHl6 Ca2Cl2 lOH)2 H J<ltgC1J. 6H20_

lJ 0.00000£.00 o . 00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000:£+00 0.00000£.00 0.00000£+00 0.00000£+00 0.00000:£+00,,. .. 2) O.OOOOOE.OO 0.00000£..00 O.OOOOOE.OO 0.00000£.00 0.00000:£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£+00
,:, JJ 0.00000£..00 0.00000£:.00 0.00000£.00 O.OOOOOE.OO 0.00000£..00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£+00
..:; " 0.00000£..00 0.00000£.00 0.00000£+00 O.OOOOOE.OO 0.00000£..00 O.OOOOOE.OO 0.00000£.00 0.00000:£.00 0.00000£+00

SI O.OOOOOE.OO 0.00000£.00 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000\';.00 0.00000£.00 0.00000£.00

61 0.00000£.00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000:£..00 0.00000£.00 0.00000£.00 0.00000:£·00 0.00000£.00
.;.< " 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£.00 0.00000£.00 O.OOOOOE.OO O.OOOOOE.OO 0.00000£.00 O.OOOOOE.OO

8J 0.00000£.00 0.00000£.00 O.OOOOOE.OO O.OOOOOE.OO 0.00000£.00 0.00000£..00 0.00000£..00 0.00000:£.00 0.00000£.00
':., " 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£"00 0.00000:£.00 0.00000£.00

101 O.OOOOOE.OO 0.00000£..00 0.00000£.00 O.OOOOOE+OO 0.00000£.00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00

llJ O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0_00000£.00

12) 0.00000:£.00 0.00000£..00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 O.OOOOOE.OO

.... 1JJ 0_ OOOOOE.OO 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000:£.00 0.00000£.00 0.00000£.00 0.00000£.00 .,
'" 0.00000£..00 0.00000£.. 00 0.00000£.00 0.00000£.00 0.00000£.. 00 0.00000£.00 0.00000:£.00 O.OOOOOE.OO 0.00000£.00

'.' '" 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£..00 O.OOOOOE.OO O.OOOOOE.OO 0.00000£..00 0.00000:£.00

M;S04.7H20_ CaNa2(COJJ2. 5 Na2Cll.lS0412_ Cll.S04.2H20_ Nll.C1 HqS04.6H20_ KHqC1S04.3H20 KHC03____ MqS04.H20__.. ;' lJ 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£.00 0.00000£·00 0.00000£..00

.. 2) 0.00000£.00 0.00000£.00 0.00000£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00

... JJ 0.00000£.00 0.00000£.00 0.00000£+00 O.OOOOOE.OO 0.000001::.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00
!.~-

" 0.00000:£.00 0.00000£.00 0.00000£+00 0.000001::.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00

" 0.00000£..00 0.00000£.00 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 O.OOOOOE"'OO

" 0.00000:£.00 0.00000£.00 0.00000£+00 0.00000£.00 0.00000:£+00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00

" 0.00000£.00 0.00000£.00 0.00000£+00 0.000001::+00 0.00000:£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00

8J 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£..00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00

" 0.00000[.00 O.OOOOOE.OO 0.00000£.00 0.00000£+00 O.OOOOOE.OO 0.00000£.00 0.000001::.00 0.00000£.00 0.00000£.00

101 O.OOOOOE.OO 0.00000£..00 0.00000£.00 0.00000£.00 0.00000£..00 0.00000:£+00 0.00000£.00 0.00000£+00 O.OOOOOE'.OO
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-- U} 0 00000£..00 0.00000£·00 O. GOOOOE.OO 0.000001·00 0.00000£.00 C.OOOOO£...OO 0.00000£.00 o.OOOOOt·oo 0.00000£·00

.-- 12} , 00000£..00 0.00000£·00 0.00000£+00 O.OOOOOt·OO 0.00000£.00 0.00000£.00 0.00000£.00 o.OOOOOt·OO 0.00000£.00

::-~. '" 0.00000£·00 0.00000£.00 0.00000£.00 0.00000£·00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00

~ :::: UI 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£·00 O.OOOOOE+OO 0.00000£.00 0.00000£-000 0.00000£.00 O.oooooc..oo
-- IS} 0.00000£·00 0.00000£-00 0.00000£·00 O.OOOCOZ:·OO 0.00000£.00 0.00000£·00 0.00000£.00 O.OOOOOt·OO 0.00000£·00

::"
.-::: !QHOlS04I2.4H NaolCa(S04IJ.2 HgCOl____ "'12Cl{CIKI) ...H """"____ Na2S04.10H20_ K8H6{S0411_ NallC01___ Na2C03.10"20_

11 0.00000£..00 0.00000£..00 0.00000£..00 0.00000£..00 0.00000£..00 0.00000£+00 0.00000£..00 o.OOOOOE.OO O.OOOOOE..OO

2} O.OOOOOE"OO O.OooOOE"OO 0.00000£..00 O.OOOOOE.. OO 0.00000£.0.00 0.000001:..00 0.00000£..00 O.OOOOOE..OO 0.00000£..00

.:.:;. 11 O.OOOOOE..OO 0.00000£--00 O.OOOOOZ..OO 0.00000£__ 00 0.00000£.. 00 O.OOOOOE"OO O.OOOOOE"OO 0.00000£__ 00 O.OOOOOt..OO

.... " 0.00000£.. 00 0.00000£--00 O.OOOOO£-+QO 0.00000£..00 0.00000£..00 0.00000£,,00 0.00000£.. 00 0.00000£"00 0.00000£.. 00

....... 51 O.OOOOOE __ OO 0.00000£..00 0.00000£.. 00 0.00000£--00 0.0Q(l00£.. 00 0.00000£·00 0.00000£+00 0.00000£__ 00 0.00000£ __ 00

" 0'.00000£..00 0.00000£..00 0.00000£+00 0.00000£.. 00 0.00000£.. 00 0.00000£.00 0.00000£"00 O.OOOOOE"OO 0.00000£__ 00

. '.' ~ 7J 0.000001:+00 0.00000£..00 0.00000£..00 0.00000£.00 0.00000£..00 0.00000£..00 0.00000£+00 O.OOOOOE"OO 0.00000£__ 00

.~:. " 0.00000£..00 O.OOOOOE"OO 0.00000£.. 00 0.00000£--00 0.00000£.00 O.OOOOOt..OO 0.000001:..00 O.OOOOOE.. OO 0.00000£.0.00

..:~
" 0.00000£..00 0.00000£__ 00 0.00000£..00 0.00000£--00 0.00000£+00 0.00000£-00 0.00000£.. 00 O.OOOOOt__ OO 0.00000£.. 00

';J.•• 10} O.OOOOOE.OO 0.00000£+00 0.00000£+00 0.00000£+00 O.ooeOO£+OO O.OOOOOE+OO 0.00000£.00 O.OOOOOt--OO O.OOOOOE.. OO

~.~ Jll O.OOOOOE+OO 0.00000£..00 0.00000£..00 O.OOOOOE+OO 0.00000£+00 0.00000£+00 0.00000£+00 O.OOOOOt..OO 0.00000£..00

' ..:. ~ 12} O.OOOOOE+OO 0.00000£"00 O.OOOOOt..OO O. OOOOOt..~O 0.00000£__ 00 O.OOOOOE+OO O.OOOOOt+OO O.OOOOOt..OO O.OOOOOt.. OO

.",!,~ 111 O.OOOOOt--OO O.OOOOOE"OO 0.00000£..00 0.00000£..00 O.OOOOOt__ OO O.OOOOOt...OO O.OOOOOt+OO O.OOOOOt..OO O.OOOOOt+OO

;;.:: HI 0.00000£..00 O.OOOOOt..OO 0.00000'£+00 O.OOOOOt·OO 0.00000£..00 0.00000£..00 0.00000£..00 O.OOOOOE..OO 0.00000£+00

:o:~ 151 O.OOOOOE"OO O.OOOOOE·OO 0.00000£+00 O.OOOOOE"'OO 0.00000£..00 0.00000£__ 00 0.00000£..00 o .00000r:·OO 0.00000£+00

_.
Hl;CO).]K20_ K2H;'1S0412.6H N62CaICOl}2 IU>tgCa2 (S041" CaIOH}2___ K2C0].312H20_ K8H4(COJ}6.38 )(NaCO) .6H20_ KlNaHICO]}2

11 0.00000£..00 0.00000£..00 0.00000£..00 O.OOOOOt..OO 0.00000£__ 00 0.00000£..00 0.00000£..00 O.OOOOOt..OO 0.00000£+00

"J~' 21 O.OOOOOt..OO 0.00000£..00 0.00000£..00 O.OOOOOe..OO O.OOOOOt..OO 0.000001:..00 0.00000£.00 0.00000£·00 0.00000£+00

;:;:,. 11 0.00000£..00 0.00000£..00 0.00000£..00 O.OOOOOt..OO o.00000£+00 0.00000£"00 0.00000£.. 00 0.00000£..00 O.OOOOOE+OO

:OC: " 0.00000£..00 0.000002..00 0.000002..00 0.000002--00 0.00000£..00 0.00000£..00 0.00000£+00 o .00000t..00 O.OOOOOt..OO

;:C· " O.OOOOOt--OO 0.00000£,,00 0.00000£..00 0.00000£..00 0.00000£..00 0.00000£..00 O.OOOOOt..OO 0.00000£"00 0.000002..00

;.,....: " 0.00000£"00 0.00000£..00 0.00000£+00 O.OOOOOt--OO 0.00000£..00 O.OOOOOE.. OO 0.00000£.. 00 O.OOOOOt.. OO 0.00000£..00
,

" 0.00000£.. 00 0.00000£.. 00 0.00000£..00 0.000002.. 00 0.00000£.. 00 0.00000£+00 0.00000£.00 0.00000£.. 00 0.00000£.. 00

.!:,~: " 0.00000£__ 00 0.00000£.. 00 O.OOOOOt+OO 0.00000£.. 00 0.00000£"00 O.OOOOOE+OO 0.00000&.. 00 O.OOOOOt+OO 0.00000£.. 00

.;'.,:' " O.OOOOOE+OO O.OOOOOE... OO 0.00000£.00 O.OOOOOt.. OO 0.00000£+00 O.OOOOOt... OO 0.00000&"00 0.00000'£.. 00 0.00000'£.. 00

10} O.OOOOOE--OO 0.00000£+00 0.00000£.. 00 O.OOOOOE"OO O.OOOOOt+OO O.OOOOOE+OO 0.00000£.. 00 O.OOOOOE"OO 0.00000£+00

,'" 111 0.00000£..00 O.OOOOOE+OO O.OOOOOE+OO 0.00000£.. 00 O.OOOOOE.. OO 0.00000£+00 0.00000£.. 00 O.OOOOOt.. OO 0.00000£+00

;':".:, 121 0.00000£+00 0.00000£+00 0.00000£+00 0.000002.. 00 0.00000£+00 0.00000£+00 0.00000£+00 0.00000&__ 00 O.OOOOOt.. OO

.!:.~ I 111 O.OOOOOt.OO O.OOOOOt+OO 0.00000£..00 0.00000£.. 00 0.00000£.. 00 O.OOOOCE+OO 0.00000£+00 O.OOOOOt.. OO 0.00000£+00

UI O.OOOOOt..OO O.OOOOOt..OO 0.000001.+00 0.00000£..00 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£.00 O.OOOOOE+OO

," O.OOOOOE+OO O.OOOOOt.. OO 0.00000£..00 0.00000£--00 0.00000£+00 O.OOOOOE"OO O.OOOOOE+OO O.OOOOOt+OO 0.00000£+00

,-

'(:'
11
21
11

"51

""81

"'"111
121
111

'"15)

ION I S0412_5e
O.OOOOOE+OO
0.00000£.00
0.00000£..00
0.000001:.00
0.00000£+00
0.00000£+00
0.00000£+00
0.00000£+00
O.OOOOOt+OO
0.00000£+00
O.OOOOOE+OO
O.OOOOOt+OO
0.00000£+00
O.OOOOOE+OO
0.00000£--00

Nl\JH(S0412_ Na2COJ. 7H20_
O.OOOOOE..OO 0.00000£..00
0.00000£+00 0.00000£..00
0.00000£..00 O. OOOOOt+OO
0.00000£..00 0.00000£+00
O.OOOOOE+OO 0.00000£..00
0,00000£+00 O. OOOOOE+OO
0.000001:+00 O. OOooOE+OO
O.OOOOOE..OO 0.00000£+00
O.OOOOOt..OO o. OOOOOt+OO
0.00000£+00 0.00000£+00
0.00000£..00 O. OOOOOE+OO
O.OOOOOt..OO 0.00000£+00
O.OOOOOt..OO O.oooOOt...OO
0.00000£.00 O. OOOOOE"OO
0,00000£__ 00 0.00000£..00

""'==0-:"-- ~C~!S04>2.H2 Hg2CltC16.12H2
0.00000£..00 0.00000£+00 0.00000£+00
O.OOOOOt--OO O. OOOOOt+OO O. OOOOOE+OO
O.OOOOO!-..OO O. OOOOOE.. OO 0.00000£+00
O.OOOOOt+OO 0.00000£+00 0.00000£+00
0.00000£+00 0.00000£+00 O. OOOOOE...OO
0.00000£..00 0.00000£.00 0.00000£+00
0.00000£..00 0.00000£..00 0.00000£"00
0.000001:..00 O. OOOOO!-+OO 0.00000£+00
O.OOOOOt+OO 0.00000£+00 O. OOOooE..OO
0.00000£..00 0.00000£...00 0.00000£..00
O.OOOOOt..OO 0.00000£.00 o. 00000r;..00
O.OoOOOt.. OO 0.00000£..00 O. O{)OOO£..OO
0.00000£..00 O.OOOOOt..OO 0.00000£..00
0.00000£+00 0.00000£..00 0.00000£+00
0.00000£+00 O.OOOOOr.....oO O.OOOOOE"OO

N112S0' N62COJ.H20_ NlllHlC03J2.2H
0.00000£..00 0.00000£.. 00 0.00000£+00
0.00000£+00 0.00000.£..00 0.00000£.00
o.OOOOOE+OO O.OOOOOt.OO 0.00000£.00
O.OOOOOE+OO O. 00000£.00 0.00000£...00
0.00000£+00 O.OOOOOt+OO 0.00000£..00
0.00000£+00 O. OOOOOt+OO 0.00000£+00
O.OOOOOt+OO 0.00000£+00 O. OOOOOE+OO
O.OOOOOt+OO O. OOOOOE..OO 0.00000£+00
O.OOOOO£+gO 0.00000£+00 0.00000£ __ 00
0.00000£+00 0.00000£+00 0.00000£+00
O.OOOOOE+OO o. OOOOOt..OO 0.00000£+00
0.00000£...00 0.00000£..00 0.00000£.00
O.OOOoot+OO O.OOOOOE+OO 0.00000£..00
0.00000£+00 0.00000£+00 0.00000£..00
0.00000"..00 0.00000£ __ 00 0.00000£..00

IorJ.eSt.renq Ehltt)VolU TitrVo1.&1 ...
11 5.61.119£--00 O. 00000£+00 O.OOOOOE+OO 5.3205
2} 5.610]1£.00 O.OOOOOt--OO 0.10000 5.6451
)) 5.6100U--00 0.00000&0000 0.14251 5.9936

" 5.61006£..00 0.00000£..00 0.20]0' 7.'427
51 5.'10~9£..00 0.00000£+-00 0.28943 1.872~

6l 5.61112t..00 0.00000£__ 00 0.41246 '.2225

" 5.61202E..00 0.00000£.. 00 0.51180 '.~O5

81 5.61])0£..00 0.00000£+00 0.8l768 9.61U

" 5.61511£+00 0.00000£.. 00 1.1938 ,.U9'3
10} 5.61774£.. 00 0.00000£+00 1. 7013 10.010
111 5.62149£+00 0.00000£...00 , 4245 10.158
121 5.62655£"00 O.OOOOOE"OO .4551 10.295
111 S.63455£ __ 00 O.OOOOOE.. OO 9239 10.424
UI 5.64559£+00 O.OOOOOE+OO 7.0170 10.545
151 5.66143£.00 0.00000£..00 10.000 10.659

.:.. ':

].~ .

1}

21
11

"51

""""10}
11}
l>l
111

'"'"

!428401 .1.0100
0.00000£..00
O.oooOOt..OO
o .00000t+00
O.OOOOOE"OO
0.00000£.. 00
0.00000£.. 00
0.00000£..00
O.OOOOOt..OO
O.OOOOOt+OO
0.00000£.. 00
O.OOOOot.OO
0.00000£.00
O.OOOOOt+OO
0.00000£+00
0.00000£..00

B1OHI3 _

0.00000£..00
0.00000£"00
0.00000£,,00
O.OOOOOt--OO
0,00000£__ 00

0.00000£+00
0.00000£__ 00
O.OOOOOE..OO
O.OOOOOE+OO
0.00000£+00
0.00000£..00
0.00000£..00
0.000(/0£..00
0.00000£..00
O.OOOOOt..OO

KBS08.4100_ JC2B401.4K20_ "&1102.4100_ NaB508. 5820_ Nd02 .HaC1. 28
O.OOOCO£.o.OO 0.00000£+00 0.00000£__ 00 0.00000£..00 0.00000£+00
O.OOOOOt..OO 0.00000£..00 0.00000£.0.00 0.00000£--00 O.OOOOOt+OO
O.OOOoot..OO o. OOOOOt+OO 0.00000£..00 0.00000£..00 O.OOooOt+OO
0.00000£..00 0.00000£-.00 0.00000£...00 O. OOOOOt..oO 0.00000£.. 00
0.00000£"00 O. OooOOt--OO 0.0000(/£..00 O. OOOOOt..OO 0.00000£+00
O.OOOOOE"OO 0 .00000£..00 0.00000£+00 0.00000£+00 0.00000£+00
0.00000£..00 0.00000£--00 0.00000£+00 O. OOOOOE..OO O. OOOOOt+OO
0.00000£+00 O. OOOOOt..OO o. OOOooE"OO 0.00000£.00 0.00000[..00
0.00000£..00 0.00000£.. 00 0.00000£+00 0.00000£+00 O. OOOOOt+OO
O.OOOOOE+OO O. OOooOt.. OO o. OOOOOE... OO 0.00000£.00 0.00000£.00
O.OOOOOE+OO O. OOOOOE"OO 0.00000£+00 O. OOOOOE"OO 0.00000£+00
0.00000£..00 0.000001:,,00 O. GOOOOt..OO 0.00000£"00 0.00000£+00
O.OOOOOt.OO 0.00000£"00 C. OCC(l()r...OO O. OOOCOS·OO 0.00000£.. 00
O.OOOOOE+OO 0.00000£..00 0.00000£+00 O. oooOOt..OO O.OOOOOE+OO
0.00000£+00 O. OOOOOE--OO O. OOOOOE+OO 0.00000£__ 00 0.00000£+00
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Appendix S: Sample Output File "Np_NaCCBM_LIN.TITRATE"

Benchmark. TITRATE Problem., LINEAR option; Np(Vl02 with C03 in 5.6JJnola1 NaCl FMT \12.0

Dl'.TAB1>.S£: HHW84/FW86; Np(V) -Na-C03-0H-CI-C104 lNR94l:

95.01.31 A1nf III l-Na-C1-C03-S04-P04 (FRSR89, FRF90, P91, RFFll.92, RFF94. RRFF94l

Titrant Volwnes per G't'id. Block, in IlIilliliters

3 0.000000 mL

2 0,100000 mL

3 0,200000 mL, 0.300000 mL

5 0.400000 mL

6 0.500000 mL, 0,600000 mL

B 0.700000 mL

9 0.800000 mL

lO 0.900000 mL

II 1.000000 mL

II 1.100000 mL

lJ 1.200000 mL

H 1.300000 mL

15 1,400000 mL

'., Titration Results, molal
;r.,
,:.;
:,' H2O Na. K. Ca++ Mg++ MgOH+ N. C3· 504;

1I 1.92928£+01 5 61057£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 21872£-06 5.61096£+00 0.00000£+00

21 1.92978£+01 5 61014£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 77346£-07 5,60993£+00 0.00000£+00

31 1.93027£+01 5 61000£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 ,87609£-09 5.60892£+00 0.00000£+00

" 1_ 93077£+01 5 61000£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 .09202£-10 5.60789£+00 0.00000£+00

5) 1.93127£+01 5 61000£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 61951£-10 5.60685£+00 0.00000£+00., 6} 1.93177£+01 5 61000£+00 00000£+00 0 00000£+00 00000£+00 0.00000£+00 10445£-10 5.60582E+00 0.00000£+00

" 1.93227£+01 5 61001£+00 00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 42049£-11 5.60479£+00 0.00000£+00

B> 1.93277£+01 5 61001£+00 00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 82959£-11 5.60375£+00 0.00000£+00

" 1.93327£-+01 5 61001£+00 0.00000£+00 0 00000£+-00 0.00000£+00 0.00000£+00 5.76161£-11 5.60272£+00 0.00000£+00

lO} 1.93377£+01 5 .61001£+00 0.00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 4.99485£-11 5.60169£+00 0.00000£+00

ll} 1.93427£+01 5 61001£+00 0.00000£-+00 0 00000£+00 0.00000£+00 0.00000£+00 4.4.l74.l£-11 5.60066£+00 0.00000£+00

ll} 1.93477£+01 5 61002£+00 0.00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 3.96673£-11 5.59962£+00 0.00000£+00

lJ} 1.93527£+01 5 61002£+00 0.00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 3.60509£-11 5.59859£+00 0.00000£+00

." H} 1.93577£+01 5 61002£+00 0.00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 3.30838£-11 5.59756£+00 0.00000£+00

15} 1. 93 627£+01 5 61002£+00 0.00000£+00 0 00000£+00 0.00000£+00 0.00000£+00 3.06048£-11 5.59653£+00 0.00000£+-00
.-:;

NSO<- OM- HC03- C03· CO2 (lIq) caC03(aql MqC03laql BlOH}3 (aql B(OH14-

1I 0.00000£+00 3.01685£-09 2.26571£-04 3.09384£-08 3.86103E-04 O.OOOOOE+OO 0.00000£+00 0.00000£+00 0.00000£+00

2) 0.00000£+00 6.31029£-09 3.822.12.£-04 1.10.1.96£-07 3.08476£-04 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

3} 0.00000£+-00 9.49137£-07 9.89705£-04 4.25167£-05 5.36072£-06 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

4} 0.00000£+00 1.19027£-05 1.01025E-03 5.44263£-04 4.36260£-07 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00
,c". S} O.OOOOOE+OO ;2.27338£-05 1.02124E-03 1.05085£-03 2.30850£-07 O.OOOOOE+OO 0.00000£+00 0.00000£+00 0.00000£+00

6} 0.00000£+00 3.33488£-05 1.03174£-03 1. 55739£-03 1.58957£-07 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

" 0.00000£+00 4.37579£-05 1.04196£-03 2.06377£-03 1.22321£-07 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

B> 0.00000£+00 5.39719£-05 1.05196£-03 2.56997£-03 1.00104£-07 0.00000£+00 0.00000£+00 0.00000£+-00 0.00000£+00
9} 0.00000£+00 6.40010£-05 1. 06176£-03 3.07597£-03 8.51877£-08 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

-- 101 0.00000£-+00 "7.38545£-05 1. 07138£-03 3.58175£-03 7.44762£-08 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

ll} 0.00000£+00 8.35411E-05 1.08082£-03 4.08730£-03 6.64082£-08 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

l2} 0.00000£+00 9.30687£-05 1. 09010£-03 4.59262£-03 6.01101£-08 0.00000£.+00 0.00000£+00 o . 00000£+00 0.00000£+00
13} 0.00000£+00 1.02445£-04 1.09923E-03 S.09770£-03 5. $0552£·08 0.00000£+00 0.00000£+-00 0.00000£+00 0.00000£+00

:;"7 '" 0.00000£+00 1.11676£-04 1.10821£-03 5.60253£-03 5.09071£-08 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00
:~ ;} 15} 0.00000£+-00 1.20768£-04 1.11706£-03 6.10711£-03 4.74'07£-08 0.00000£+00 0.00000£+00 0.00000£+00 0.00000£+00

llllissing speoies have :.ero amounts)

:" ~ "po" Np020Hlaql N'p021OH12- N'p02C03- Np()2lC03l2"- N'p02(C0313""-

_..
AmC03+ Am(C0312-

1} 6.12705£-04 7.72186£-10 2.04381£-16 1.33526£-07 1.98384£-11 1.25197£-16 0 00000£+00 0.00000£+00 0.00000£+00
-;-. " 1. n085E-04 4.57851£-10 2.55903£-16 1.33573£-07 7.06677E-11 1.58546E-15 0 00000£+00 0.00000£+00 0.00000£+00
:;' 3} 4,46247£-07 1.76865£-10 1.47303£-14 1.33612£-07 2. "72677£-08 2.35800£-10 0 00000£+00 0.00000£+00 0.00000£.+00
r" 4} 3.48770£-08 1.73300£-10 1.81034£-13 1.33632£-07 3.48878£-07 3.65776£-08 0 00000£+00 0.00000£+00 0.00000£-+00
f ;. S} 1.80727£-08 1.71468£-10 3.42173£-13 1. 33 651£-07 6.73247£-07 1.43575£-07 0 00000£+00 0.00000£+00 0.00000£+00
r' ~. 6} 1.22005£-08 1. 69754£-10 4.97012£-13 1.33671£-07 9.97249£-07 3.14830£-07 0 00000£+00 o . 00000£+00 0.00000£+00
-,J " 9.21138£-09 1.68120£-10 6.45975£-1) 1.33690£-07 1.32081£-06 5.51937£-07 0 00000£+00 0.00000£+00 0.00000£+00

B> 7.40067£-09 1.66553£-10 7.89461£-13 1.33710£-07 1.64391£-06 8.54484£-01 0 00000£+00 0.00000£+00 0.00000£+00
9} 6.18630£-09 1.65046£-10 9.27855£-13 1.33729£-07 1.96653£-06 1.22205£-06 0 00000£+00 0.00000£+00 0.00000£+00

, 30} 5.31533£-09 1.63595E-10 1.06141£-12 1.33749£-07 2.28868£-06 1. 65423£-06 0 00000£+00 0.00000£+00 0.00000£+00

ll} 4.66017£-09 1.62195£-10 1.19063£-12 1.33768£-07 2.61033£-06 2.15059£-06 0 00000£+00 0.00000£+00 0.00000£+00

l2} 4,14945£-09 1.60844£-10 1.31559£-12 1.33788£-07 2.93150£-06 2.71072£-06 0 00000£+00 0.00000£+00 0.00000£+00

"-- 13} 3.74015£-09 1.59537£-10 1.43661£-12 1.33807£-07 3.25216£-06 3.33418£-06 0 00000£+00 0.00000£+00 0.00000£+00
"') H} 3.40480£-09 1.58274£-10 1. 53392£-12 1.33827£-07 ).57233£-06 4.02056£-06 0 00000£+00 0.00000£+00 0_00000£+00

15} 3.12502£-09 1.57050£-10 1. 66773£-12 1.33846£-07 3.89199£-06 4.76942£-06 0 00000£+00 0.00000£+00 0.00000£+00

Ain(C03l3 ..- Am(OHl2+ AmlOH13laql Th++++ 002++ Np020H(aged)_ Np02OHlamorl_ NaNp02C03lsl_ Na3Np02(C0312
(' -.~ l) 0.00000£+00 0.00000£+00 0.00000£+00 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 9.99932£+00 0.00000£+-00

" 0.00000£+00 0.00000£+00 0.00000£"'00 00000£+00 O.OOOOOE+OO 0.00000£+00 0.00000£+00 9.99718E+OO o .OOOOOE.+-OO

3> 0.00000£+00 0.00000£+00 0.00000£"'00 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 9.99481£+00 0.00000£+00

4} 0.00000£+00 0.00000£+00 0.00000£"'00 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 9.9':1222£+00 0.00000£+00

5} 0.00000£+-00 0.00000£+00 0.00000£"'00 00000£+00 0.00000£+00 O.OOOOOE+OO 0.00000£+00 9.98964£+00 0.00000£+00

<'0 6} 0.00000£+00 0.00000£+00 0.00000£+00 00000£+-00 0.00000£+00 0.000001':+00 0.00000£+00 9.98705£+00 0.00000£+00
(:' " O. 00000£+00 0.00000£+00 0.00000£...00 00000£+00 0.00000£+00 0.00000£+00 0.00000£+00 9.98446£+00 0.00000£+00
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Appendix S: Sample Output File "Np_NaCI_BM_L1N.mRATE" -81 0 00000£+00 0 00000£"'00 0.00000£...00 0 00000£·00 0.00000£...00 0.00000£.00 0 00000£.00 '.98188£·00 O.OOOOOE.OO

" 0 00000£.00 0 00000&000 O.OOOOOE-oOO 0 00000[·00 0.00000[..00 0.00000£·00 0 00000£.00 '.9"30£·00 0.00000£.00
:: 101 0 000001:.00 0 00000£.00 0.00000[__ 00 0 00000,£·00 0.00000£.00 o.OOOOOE..OO 0 00000£... 00 '.91612£.00 0.00000£.00

111 0 00000£.00 0 00000£.00 0.00000£.00 0 00000£·00 0.00000£.00 0.00000£"00 0 000001:·00 '.91ClJE.. OO 0.00000£..00
~.: 12' 0 00000&+00 0 00000£.00 0.00000£..00 0 00000&·00 0.00000£..00 0.00000£"00 0 00000£.. 00 '.97156£.00 0.00000£.00
:,:.1 III 0.00000£.00 0 00000£.00 0.00000£"00 0 00000£·00 0.00000£.000 0.00000£.00 0 00000£"00 9.96892E.00 0_ OOOOOE.OO

:1.: '" 0.000001:.00 0 00000£...00 0.00000£..00 0 00000£·00 O.OOOOOE.OO 0.00000£..00 0 00000£..00 9. '661.0£.00 O.OOOOOE..OO

.- lSI 0.00000£.00 0 OOOOOE..OO 0.00000£"00 0 00000£..00 0.00000£.00 0.00000£,,00 0 00000£.00 9. '6362£·00 0.00000£..00

~.: (~sinq species have .ero PIOl,Irltsl

;: ICl'licSt.rtm;' Eh{"'lVclu T.i.trVo1.al.l pK

11 S.61119£.. 00 0.00000£...00 0.00000£·00 5 320~

.;. 21 ~.nOJl£ .. oo 0.00000£..00 0.10000 5 6t~1

." 31 S.61001.£.00 0.00000£..00 0.20000 , .8183
:;~ .. S.61055£.. 00 0.00000£.00 0.30000 • 9161
::. SI S.61106£.. 00 0.00000£..00 0.1.0000 , 1911

'."", " 5.61151£...00 0.00000£...00 0.50000 , )61.1

.' ~; " 5.61208£.00 0.00000£..00 0.60000 , 40821

81 ~.6125n.OO O.OOOOOE:.OO 0.70000 , 5733.. " 5.61310£.00 0.00000£·00 0.80000 '.6413

101 5.61362£"'00 0.00000£.00 0.90000 9.1095

111 5.61'13£.00 0.00000£.00 1.0000 9.1631

121 ~. 6lt64o£.00 0.00000£.00 1.1000 9.8100

131 ~. 61516£.00 0.00000£.00 1.2000 9.8~17

'" S.61~n£.00 0.00000£.00 1.3000 9.8892

lSI 5.6161'£.00 0.00000£.00 1.1.000 '.9232

-
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Appendix T: Sample Output File "Np_NaCI_BM.TITRATE"

.,-'
81 0.000001:.00 0.00000£.00 0.00000£.00 0.00000£·00 0.00000£.00 0.00000£.00 0.00000£.00 9. "378£.00 0 00000£.00.. 0.00000£.00 0.00000£.00 0.00000£.00 0.000001·00 O. COOOO£.OO 0.000001'.00 0.00000[·00 9.993,,'£·00 0.000001'·00

10' 0.00000[:.00 0.00000£.00 0.00000£.00 0.00000£.00 0.000001'.00 0.00000£.00 0.00000£.00 9. ""50£.00 O.OOOOOt·oo
11\ 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£·00 0.00000£.00 O.OOOOOE.OO 9. "931£.00 0.00000£.00

121 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000&·00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 '.98418£.00 O.OOOOOE.OO
131 0.00000£.00 O.OOOOOE.OO 0.00000£.00 0.00000£.00 0.00000£.00 0.00000£..00 0.00000£·00 '.''')4.£.00 0.00000£.00

::.; '" 0.00000£.00 o .OOOOOE.OO 0.00000£.00 O.OOOOOE·OO 0.00000£.00 0.00000£;..00 0.00000£.00 9.'lU7E.OO o .OOOOOE.OO

." lSI O.OOOOOE.OO 0.00000£.00 O.OOOOOE·OO O.ooOOOt·OO O.OOOOOE.OO O.OOOOOE..OO O.OOOOOE.OO ,. '74"'1;.00 0.00000£...00
c.'.
~:: u::Lissinq spec:l.es have :::ero ~~I

".:( lonic:Streng Eh["]Volts TitrVol,1Il1 ...
:,1 11 5.61119£...00 0.00000£"00 0.00000£.00 5.3205
.... 21 5.61031£...00 0.00000£·00 0.10000 5.6t51

31 5.6100BE.. 00 O.OOOOOE.--OO 0.H251 5.9936
::::;;. " S.6100J£·00 0.00000£..00 0.16000 6.2353

Sl 5.61001£_00 0.00000£..00 0.18000 6.6'"
"'.. 61 5.UOO6£.OO 0.00000£..00 0.20309 1.U21

" 5.61014£.00 0.00000£.00 0.22000 8.3311

" 81 5.6102tE.OO 0.00000£..00 0.2tOOO 8.5655

:0' .. 5.61034£.00 0.00000£.00 0.26000 8.7166
m::. 10. 5.6104'£.00 0.00000£.00 0.289H 8.8122

111 5.611.12£.00 0.00000£.00 0.412" 9.2225
1'" 12. 5.61202£·00 O.OOOOOE.OO 0.58780 ' .•"5

131 5.6151)£·00 0.00000£.00 1.1938 9.8U3

'" 5.626e5£.00 0.00000£..00 J. t551 10.2'5
lSI 5.66143£--00 0.00000£.00 10.000 10.659
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See Table 30 for explanation of this listing.

8eneh:roark n'I'JtATE ProbleDI. LDGIO option; NplVI02 ...ith CO) in ~.61=olal ~Cl FY.T v:!
a.\t".\SAS£; ID'!'..t8.c/Ft.'86 .. z..pIVI-Na-COJ -(1Ii-Cl-Cl04 fh"R94 I ..
95.01.31 kft{IIII-NiIo-Cl-C03-S04-P04 lfRSRS9. TRF!lO. 1'91. RTn.92 , RFnt. RRFTH. 1

:<";

ninIAL and_..~
"""'~,
So<li=
Pocusiu:r.
KagneSlU!l\
c.lciwo
Cblorill-e
sulfur
Carbon
Poston
Ncqlon
Air

"",=
Brom.i.ne
TTaeerEl
'n\(IVI
M(IIII
tHVI)
NpIV)
C104-{ELl
PhOllphonls
Elec:tron
Ch",r9«"

INJEC"f'EI) Atlundances
1.1101736)00£.02
Ii . 1508611500E+01
S.61000000001:+00
0.0000000000£"00
0.0000000000£..00
0.0000000000£"00
1.6100000000£..00
0.0000000000£+00
2.0000000100£"'00
0.0000000000£..00
0.0000000000£.00
0.0000000000£"00
0.0000000000£..00
0.0000000000£.00
1).0000000000£·00
0.0000000000£.00
0.0000000000£.00
O.OOOOOOOOOOE.OO

0.0000000000£.00
O.ooooOOOOOOE.OO
0.0000000000£.00
0.0000000000£+00

-2.2204460500£-15

!!EFORE nashin;
1.1101136300£·02
1.0550US200£.02
1.5610000000£·01
0.0000000000£.00
0.0000000000£.00
0.0000000000£.00
5.6110000000£·00
0.0000000000£.00
1.0000000000£·01
0.0000000000£·00
0.0000000000£·00
0.0000000000&·00
0.0000000000&.00
0.0000000000£·00
0.0000000000£+00
0.0000000000£.00
0.0000000000£.00
0.0000000000£.00
1.0000000000£.01
0.0000000000£+00
0.0000000000£.00
0.0000000000£.00

-2.3731663200E-lS

1.1l01836300£·0~

1. OS 50868150£.02
1.5610000000£.01
0.0000000000£.00
0.0000000000£·00
0.0000000000£.00
5.6110000000E.OO
0.0000000000£.00
1.0000000000£.01
0.0000000000£.00
0.0000000000£.00
0.0000000000£+00
0.0000000000£·00
0.0000000000£·00
0.0000000000£-00
0.0000000000£.00
0.0000000000£·00
0.0000000000£.00
1.0000000000'£.01
0.0000000000£.00
0.0000000000£-00
0.0000000000£·00

-2.37316631'0£-15

1.1101736300£.02
6.1508681520£+01
5.6100000000£.00
0.0000000000£.00
0.0000000000£.00
0.0000000000£...00
1.6100000000£+00
0.0000000000£.00
:2.0000000100£..00
0.0000000000£.00
0.0000000000£.00
0.0000000000£.00
0.0000000000£+00
0.0000000000£.00
0.0000000000£.00
O.OOOOoooooor.oo
0.0000000000£.00
0.0000000000£·00
0.0000000000£·00
0.0000000000£·00
0.0000000000£·00
0.0000000000£·00

-2.220USOU3£-15

INJECTED Abundances AF"I'ER Flashing

INITIA:. &nd INJ~ CQ.:"1CS AFttIl. FlashiDg". 1IlOlal "
, ..~

",0 WATER 5.5502535£·01 550'068£.01 ~'~:\~"". Na· 5.6100000£.00 6106128£.00

X. X, 0.0000000£.00 0.0000000£·00

Ca·· eo·· O.OOCOCCOE·OO 0.0000000£.00 l..... Hq- 0.0000000£.00 0.0000000£+00 -
""",. ."",. 0.0000000£.00 0.0000000£.00 /

H' H· 2.3"2707£-12 1.2181250£-06 ..
el· e1- 1.6100000£·00 5.6110000£.00 -
SOh 50'- 0.0000000£·00 0.0000000£.00

KSO'- KSO'- C.OOOOOOO£·OO 0.0000000£.00

OK- OK- 6.U66486£-0) ).016810"£-09

II<OJ- HCO:J- 6.U6663n·O) 2.2657297£-0"

eoJ. eoJ' 1.99385)3£+00 ).0'38611£-08

CO2 (aql C021aqi 2.3684969£-09 3.8610605£-0"

CaCOJ laql CaC031~1 0.0000000£.00 0.0000000£.00
HgC'OJlaq) ~3laql 0.0000000£·00 0.0000000£.00

8fOffI) laql 8fOHI3laqi O.OOtlOOOO£.OO 0.0000000£.00

8(OtO"· BIOKI"- 0.0000000£.00 0.0000000£.00

8)0) 10K, 4- 830] IOKI4- 0.0000000£.00 0.0000000'£.00

8405lOtU"" 840510H14 .. 0.0000000£.00 0.0000000'£+00

Ca.8IOfll'. CaB(OHI4 .. O.OOOOOOOX·OO O.OOOOOOOE..OO

HQ8IOHlC+ HQ"8(OHI4. 0.0000000£·00 O.OOOOOOOE..OO

S<- S<- 0.0000000£·00 O.OOOOOOOE.+OO

C1O'- pe:r:ch1o:r:ate Cl04- 0.0000000£·00 0.0000000£.00

NaOHlaq) ... · . to tit:r:ate .base.only 0.0000000£·00 0.0000000£.00

HC114l.QI. · . to tit:r:ate.acid.only 0.0000000£.00 0.0000000£.00

HClO"laql. · . to titrate .acid.only O.OOOOOOOE..OO 0.0000000£+00

n:ITIAL Il."'ld
Hydr09en
""",.n
SOdlUll1

Pota:lI$iUlll
tUoqne,iUlll
C41eiUlll
Chlorine
Sulfur
Carbo.,.
posIon
Neg-Ion
Ai,
80,~

BrOflline
T'rlle_lCrl
11lltvl
),mUIIJ
UIVTI
tQ'IVI
Cl04· (ELI
Phos;tboru..s:
£1eet~on

<:bar••

,.:

'. ~.
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c,

'·.1

.,:"

....

';;;'
:~ ..

'~"'.

,;.:=

",.:...~

~:.'

Posten. . POSITIVE _J~
Ne9Jon.. . NEGATIVE.IC»'
PostenlOHI laQI co.titrate.base
HNc9IonlaQI to.t.ittat.e.8cid
'tracerlaql conservative. tra~r
KJPOC '.aql KJPOt (aql
tOPOc- H2P04-
HfOt_ HP04 ..
P04-. P04"'.
Np02. N;::Q2.
Np020Hlaql Np020Hlaql
t.';102IOHI2- N;10210H12-
Np02COJ- N;:102CO]-
1<>';102ICO)l2a. Np02CCOJl2-·
"''P02ICO))] •• • Np02lCO)IJ ... •Mt--.. ),mo._

.vcoJ. AnCO)·
Am lCO)) 2- ]>,:aleC)2-
M(CO)))-· k:l(C031)a.

"""IOIll:!. Alr>10H12..
AmIOKlllaql bIOH13(&qln···· ~.......
1)02.. UIVllG2··
Np020HI ..."edl ~OHla9edJ

t/p02ClHl&ll'lOrI Np02OHI&:IOE"l
NL"lp02CO)(s) NaNp02COJls)
NdNp021COll2 (sl_D:tSABLED_DISABLED
M'OHCO) I c I AllCIHCQ3 (c I
MllOHI)ls) A:n{OH13(sl
NaA!Il(COJI2 1SH20(c!
),m,POc I c: ) All:IP04 (e I
C.S04 Anhydrite
Halt) (SOC )2~hthitalite:/GllIserite

CaCll.6H20 Mtaretieite
C.CO) Aragonite
fQ$04 Arcani te
11gC'12.I>H20 aischofite
Njll2Mq{S0412 4H20 Bloedit.e
MQlOH12 Brucit.e
N"e6COJIS041l Burkeite
CaCO) Calcit.e
CeCll.4H20 CaCll_Tetrllhydrite
Ca4C12 IOMl I>.lJH20_CaCDlychlorioe A
Ca2C12IOHl2.K20__CaOxychloride B

!QolqC1J. ,H2O Carnallit.e
KqS04. iH20 EpsoD'l.ite
Ca,tleJ. lCOJ) 2. 5K20 Gllylussit.e

Nf..2CalS04)2 Gla'Uoberite
CaS04. ;lIGO GypSUIlI
lIlaCl Halite
HgS04.6H20 Hexahydrite
Ja19C1S04.JH20 Kainite
fCHC'OJ Kalicir-ite
H9S04.H20 ltieserite
K2HQISOC)2.4H20 Leonite
He4Ca (5041 J. 2H:20 Labile_Salt

l1gCOJ Magnesite
1192Cl (001;1. 4H20 HqOxychloride

!OtS04 "'.ereall i te
Na2S04 .101120 !"'.irabilite
UH61S(4)7 ltiseni te
N&HCOJ Nahcolite
N.2COJ .1010:0 Natro."l.
HgC03.JiGO NesQ'.lehonite'
K2H;1S0412.6K20 Picr~rite/sehoen

lola_2Ca_lCO) l2. 2H20 Pirssoni te
K2~a_21S0414 .2H20 Polyhali te
C.IOHl2 Port1andite
K2C03. )12K20_PotlLSsiu:ll_Carbonate
r.:8H4IC031 1>. 3H20_K-Sequicllrbonate
la'acoJ.6H20 K-Na-Carbonate
K2JoldlIC0312.2K20_PoussilR.-Tro:l6

KJ HISO( } l_5esqyipotass i=,-Sul fate
}I.)M (S04 ) 2__Sf!sq.Lisodi\lllLSul f. te
Na_2COJ. iH20__l02COJ-Hept~ydrete

l(Cl Sylvite
lt2C.fSOC12.H20 ,9ynqenite
Hii2CllC16.12K20 'tad:yhyd,rite
Na2S04 Thena.rdite
Na.2COJ. H2O 'nlerlllOnlltrite
Na3H (CO))2 • 210:0 TrQn&
Nll2a.07 .1 0H20 8orllJ<
8fOfOJ Borix_Ac:id Solid
10.508.4K20~-Pentabora.te_I30_C)
108407. 41O:0-K-Tetraborate_ I30_C)
Na.802.4H20 sadiU/lLHetaborllte
NeJlS08. SH20__SodilJDl_Pl!II.taborllte
NeB02 .lIlaCl. 2K20_Teeplei te_ (20_C)

o 0000000£.00
o 0000000£.00
o 0000000£·00
0.00000001:·00
0.0000000£.00
0.0000000£·00
0.0000000£.00
O.DOOOOOOZ.OO
0.0000000£·00
0.0000000£.00
0.0000000£.00
0.0000000£.00
0.0000000£.00
0.0000000£·00
0.0000000£·00
0.0000000£·00
0.0000000£..00
O.OOOQOOO£..OO
O.OOQOOOO£.OO
O.OOOOQOO£..OO
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£.00
0.0000000£·00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£"00
0.0000000£,,00
0.0000000£,,00
O.OOOOOOOE.OO
0.0000000£..00
0.0000000&..00
0.0000000£,,00
0.000000010..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£..00
O.OOQOOOO£.. OO
0.0000000£.00
0.0000000£.00
O.OOOOOOQE.. OO
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£..00
0.0000000£.00
0.0000000£.00
0.0000000£.00
0.0000000£·00
0.0000000&·00
0.0000000£.00
0.0000000£·00
0.0000000£·00
0.0000000£·00
0.0000000£.00
0.0000000£·00
0.0000000£..00
0.0000000£·00
0.0000000£.00
0.0000000£,,00
0.0000000£.00
0.0000000£.. 00
0.0000000£.. 00
0.0000000£·00
0.0000000£.00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£.00
0.0000000£.00
0.0000000£.00
0.0000000£,,00
0.0000000£.00
0.0000000£.. 00
0.0000000£.00
0.0000000£.00

0.0000000£.. 00
0.0000000£.. 00
0.0000000£..00
0.0000000£..00
0.0000000£.00
0.0000000£.00
0.0000000£..00
0.0000000£·00
0.0000000£..00
6.1.270920£-04
7.7219130£-10
).043U"£-16
1.335273J£-0"l
1.98JI516£-11
1.251'757£-16
0.0000000£·00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£·00
0.0000000£..00
0.0000000£.00
0.0000000£·00
0.0000000£.00
9.999JII"I2£..00
O.OOOOOOOE-o-OO
0.0000000£..00
0.0000000&0-00
0.0000000£.. 00
0.0000000£·00
0.0000000£.. 00
0.0000000£.00
0.0000000£.. 00
0.00000001:..00
0.0000000£.. 00
0.0000000£.. 00
0.0000000£.. 00
0.0000000£..00
0.0000000£..00
0.0000000£.00
0.0000000£.00
0.0000000£.. 00
0.0000000£..00
0.0000000£"00
0.0000000£..00
0.0000000£..00
0.0000000£·00
0.0000000£..00
0.0000000£+00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£"00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.. 00
0.0000000£.. 00
0.0000000£..00
0.0000000£..00
0.0000000£·00
0.0000000£"00
0.0000000£+00
0.0000000£..00
0.0000000£.00
0.0000000£..00
0.0000000£.00
0.0000000£+00
0.0000000£.00
0.0000000£..00
0.0000000£..00
0.0000000£·00
0.0000000£·00
0.0000000£..00
0.0000000£..00
0.0000000£..00
0.0000000£.00
0.0000000£+00
0.0000000£..00
0.0000000£.00
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j

/,....,...-,...
,/ o.C"o'-. . . .\!. '. >

, ., 11.

a cbe:dat tile rwne IP1). exit.ino;;."

K. !'l. Aragen
HI11/9S

S. C. B&bb
12/21/95
n&:'Ie of fmt. executable chanqed to p:refix
'tlllt_' full nuroe io5 fmt_fJnt2pO-J)1l96. el<e

S. C. BUlb

12/18195
use fet el<et:utable in prodl.lceion are",
print ident.ity of tzlIt v;~table
add log file and _i1 facility
decided not. to use _i1 {aciliey

Modifier' S. C. e..a.bt>
Dote: 12113/9$

Modifier:
Dote,
bason,

Modifier:
Dat.:
Il.eason.:

Input File N_ lno extension)

Substring rharru.n file name search on voIllanc.- stolltelJ .and/or dates

P3

1'1 • Su!:lst:rinq ehesndat file name search on villlllllee st.at.ea, dlltes.
lllld/e", fugacity

StT I'\O'V'I!:rify
SET vuify

PM1'_FK1'C.COM auiqr.s ~ fetches u.ser-$electN
eh-s&t a.."\d rhar.i."'\ data base file n_s,
assiqn user-specified ir:;.ue/O\l.tput. file nll.lJlles •
ve:eeutes br.e2pO in O'!S 1996 r.onPA IPerfOrll\Allce
lUIssesszoer.tl pro<b.>etion area

ON e:-:ro:r then goto e:rroT_el<it
IfOde • £Smodel)

Cheek for Pl • this is the am:tlAT Name !lela

Check for P2 - t.his is t.he RHCIUN n.wne Held

If' pl .eQ$.

".".
INQtnI'..E chemQat.j~

'Enter ch.m'dat. file na:ne t.o searc;:h on"
If' che=dat_n_ .eqs. " 'n1EH gato error_exit

IF oocle .eqs. "81\.1'0!- .and.. pl .eqs.

""""'1l.rT'£ sysSOI1t.P'.It -
·C..... not. I'lloI'l in batCh vithout
GOTO .r:ro:r_e.xit.

""'IF

::: S,
~',: S
:: ~ S
~., S
'•.~ S
.~ S

~ i S
, : S
' .. $o!
;:. S!
..•. S
:'; S
".'} S

: ,
~; $!
" $!

.;. $!

.:. 5!
:: S!

":\ s:
• S!
. S!

:. $!

.• S!
. :. S!
• ~ S!
':; $!
, ) S!

-: S!
:~ 5!

'. $!
::' S!
~. S!
;: . S!
; ": S!
%~. $!

.::~ S!
,'!' $!
: .. S! .

S ! %NJ'I.1rS ;
;.:, 5!

".' is!

""::.; s!
':"; S!
:-:.5!
;.;' s ! --------••------------------------------------------ ------ .------------------

::" S i
:: < S! Tum Oll error handlinq; exi t 0" Mr'J' error.
~", $.'

!.: S
.:, S
.:. $!
•.: S! t.oqic: ~low

.:;~; S!

.: ) S GOSVB checlcfilename
!.: $ OOSV!I ddine_CliIlS_l.ihr.ary
<: $ GO$t1B del.te_fileJi
-<- S GOSt18 o:zet_databne_files
: ,: $ GOSUB dotfint_inpI,ou
'-; S GOSUB define_outpuu
~~ $ GOStI9 start-log
".: $! GOSl1B start__il
'./ 5 GOStlB run_bot
;'; S GOSUB ~fi....e_sysNxl1.s
:.' S gOto tenr.in.ate
:;, S D:.!'t
=~ S! ------••--------- --- ---------------------------~----------••-.-------------
':;': SotECK_J'I.t.EKAKE'
" SI Detltl':ine if any or all file n.az:oes are ~ssed flS par_tel's. If not.
~. SI prQllClt. for one it thiJi is an interactive session;
~•.? $! othltrotise f1aq an erro:r ar.::l. ~t
,: i S!
':.: 51
:~:: S!
u: S
(";' 5
,'f S

-
.. '. S IF II'lOde .e<;IS. "BATCH" .and.. p2 .eqs.
:'( S na::N
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a rhoaUn file nallIe IP~I. exiting,"

"Enter in;:n.at file I'\al!Ie lwit.hov.t. .extension)"
•• nmJ qot.o error_exit

Cheek !or PJ - this is the file na=e fiel<1

IF p2 .eqs.

"""INtT<JU,E 1:hOll\in...lllU:Ie
·Enter rb.cmin file r.e::oe to Setu:eh 0:\.

IF ::h.omin~ .eq$ . •• 'tHEN goto errOr_wt
r:.5E

. rhc~n_na:z,e .. p2

""'''

If' pJ ,6Q$.

"""n:ounu: fileJUlM"
IT file~ .ec:S.

:''RITt sysSoutput -
·Catl not run in batch ..it.hoUt
GOTO e~ror_exit

0."01r

IF ~e .eqs. "MTO'!° .~. p3 .eqs.

"""Wlt.-n: sysSoutp'... t -

'CllZ\ not run itl llatch ",i:.hout a file n&IlIe (p)). _iti:\9,'
GOTO error_exit

QI.'tlIr

.. S

:, $

:s
~ . $!
::: 5!
::;: $
':; 5

.S

;::: 5
H$
J:: S

"", S
:t.. s ~

':;;.- $!

.':: 5!
-,~ $

-::, $

".'n S

',:": $
":;. S
· .: $!
... ~ S!

'.':. S
"; s

:' <: 5
1"! 5
;':'S ELSt
,::- 5 t'iJ.._~ .. pJ

_'" S on>IF
• ::! S llE1't.IRN
· .:: 5 ~ ----••----.-.------------------------------~-.---••------- ------------~----
~t: SP£FINt_O'.s_LIBAAR't':
-~; S! Odine non-pe aIlS symbols &ncl point to flllt librn')'

DEFDlt inpJt • file_nar-e' . in
OEFINE inquess 'tih~' .inguess

e:ms_lib::ArY_n&:ne ... fmt"
lib' c=::s_library_n_
set ~rJ.fy

.;,,: S!
~ ....: S! set noverify
; ';', S nQl'lpa_OftS_synlS

:;::: S l
'.::' S! Set QtS library to FXI'
~~'f S J
'!.~..: S
~ ~', S
1~., SJ
1:~ S!
:::.' s RE'nJlU'I
~ :l •. S ~ --- -------------------------------------------------~---•••----------------
"1 :.;-; SOEFINE-tNPt1I'S:
;~;,-: s! tlefitlct atOll input. tilu needed.
::.:- $:
'Z:, S
:::.< S
;<\;'. S ~

:·t' S! Define a l09iea.l that. points to the databue files just. t.tehed

'.~'; $ OtTD:E eherdat 'ehelDde~_name'

:.~~ S OU:o.."'t rhaloU.rl 'E"bc;:ci.n_fl.a:Ile'

'4!' $!

0£l.f:1:t tmt_ " . ehemdzl t : •
oc...rrt flllt_·. rhOl'lin; •
S£1' _ssage/fac/sev/text/id
SET ~

t1un.'I: OI.ltput 'file_nal:IIe' .out
aUIN!: forOlnl • tile_naIfle' . forlHlll
OETINt. titrate 'file_NlDIe' .titril,te
DEFII« ..c:oles • fileJl_' .D::lles

Sf:':' noon.
S£T lnessage/l\¢tae/llDStv/notext/noic!

Delete all •file~' ,JIIOles fi.lu; do not iIlIc~l.te 01_,

:<It'S atn."P:N
:.::- S! •• - .-••--.------------------------------------------.--.----.-.-~------------
:':", SDUn.'I:_Ol11'lVI'S:
..• ; Sl tle{ine the O\.l.tput files needed.
1::: S:
:5! S
~!-2 S
1-:':. S
;~,..: S

!L~ S!
~~f.S .~

!!';; S ! -~ - -- -- - - - - - - -- - -- - ----- - - --- - ------- -------- - ---- - -~-- -- - - - --- -- -- - ---------
1;':' $oc.tr'E_FI'I.IS:
:"'] S!
:~';S! 1'\lrn otf warning lDeSSaq....$ tor no file.$ to delete
~~; S!
:~S

'~$

;I., s!
',~:; $!
'''--',$ 0£1.ttE 'file name·_lN)les:·
';;': $: Delete all flllt- prefi.lo<ed. files of che:l'dat e.nd rhomin tiles
',:2. $:
':1:: $
: :.~ S
. ,;.: $

:'.': $
'. :"; s ~

':'''$ ~
"~. $! .------------------ ------------------------.---------------------------------
'7~' S~R..EXIT:
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:',: $ ~ exit. routil'lf! when a se'V"ere erYor is enCOWIt<'!recl
:.;-;: $ ~

';': $ Write sysSoutpo.:.t '!:xecutir.;: ",rrOT exit, ··Sstatus·.'
,:::. S arT
'~: S! •••--.-------- ----------------- ------- - ------------.-, --•••-----.----- -------
.!;.: SCt't_~TA.aASE.-fIL.£.S: .
....._: $!

:'.~; $~ If ifltlt'l'aetive, alloo.: usel' t.o select./pick frOlll. .. list of chltl:l!d&t. file r.a:res
:;;:: s ~

~$r. S IF~ .M.s. "BATQI'
'~; S mEN
,:,~. $ esc "'·cherro..t_na:fle'·.che:rd.at·

"~':- $:
:':"; $ ~IlU: chemdat_~ • 54!!:leet. omm\T n.ame fran list above'
'\::$ DlDIF
:::;. S ~

'::.. s: retch ehe:adat !l'0II'l n!T 0'..5

,'~'. S:
,.::: $! set nov-rify
.••.} $ l:"fe 'ehalfCat_n&:lle'
:t::' $! set verify
';::: S!
,:;:' S~ If interact.i~ allov user to select/pick fro:n <II liSt of l'hoor.in file nal!l<'!S
~''''') S!
.'.":~ S IF aaodc ,r\t:S. 'BATQl'
.!".(, S TMEN
.';;', $ ese •• ' . rhoaain_naJDe , • ,l'hoali..."I'
:::;~ S!
<:::~. S INCUIItE rhonl.in.n&IlIe 'Select MOHIN nIll'le from list -.l::>ove'
':"":', S ENCl"!'
~::.. S~

..':,,~. S: retch chemd.at from n!T 01S

.,";:1 S: set noverify
::::, $ de 'l'hanin_nAlM'

", 5! set verify
:. '': S I
.<.' .~ $ IU:"n.IRN
}'.; S: ---•••••---------------------------------~----------------•••----------------

:; SRtm.n1T:
(~ $: Define the run symbols needed,

.;' S define Inoloq exe_dir "'P$nonpll-pro<1rOCt:(flllt,exe)
'~' S f#lt2pO :,.. 'S~e_dir:fmt.fmt2pO....P"96,exe·

_ :i:'.:'$!

2::: 5: Run the utility that. shows image infortMtion from the o:e. (lft&ndAtory!)
.i:': S: Ttlis is part of the documentation required ....hile doing a calculation.
::::;: S (l""'PSref :-..p.,.get_:unage_id.cOPl exe_Oir' flflt_flnt2pO..,pa.96.exe
;..... S! Run the code
U':S:
.<.:i::; S flllt2pO
":':f; S ltt'tURN
.i:": $! ---.~.-~--------_.------~----- --------- .-.----------.---.~-------------------
::;::: $S7"A}l"T.UX:,
;'"7;> $ ~

;;::;~ $
.<::.; $

~.x. S
.'~S

:::~~ S I
::Z~ $
..~~~ S!
4<:;': $!
1:·~ S!
..::..~ S
;:~: $~

1Sevt.im<'lf·"!St.illoell'·, "absolute', 'IIlOtlth' J
=" fSevt.iB!{~"!$tiJneO", ·c~.ri$on', 'day' I

f$cvtllrll!: I' , 'fSciJno! () '.. 'absoh.t.e-, 'houl" J
f$evtiJ:eI'" £StiDen ". 'al)sol",u', ·&ir.ute' I

log_fil~J\aIJIe ,.. ", file_Da:ae' _' 'IIlOftth' , 'day' .' 'ho\lr' , '=in' .loq'
ailce ... illi&ll:SCln's 109 file definition,

"sysS10Q'in' bt_' 'file_naDI<'!'_' •month , "day'_' 'bo\.!r' , '1lIin' ,109'

_il_error_flag • 0
_il_f i1e_naIIle :.. 'sysSL09in, tm=_-.il.-.sg'
_ilJub;ect :~~ 'Fl'tT "file_name' run.
_il_list •• f$qetjpil ". 'u.se.rname')

;;<!:.: S ~ -- - - --- - - --- - -- --- - - - - --------- -------- - - -- --- - ---. - .-. - -- ------- -- - - ------
,...:.J SS1'lUtT_Y.:'IL:
i":'~ S .. """'" a file "'MrlP' _ e... writcf! a JIlf!ssage 1chat c:an be sent to the
..:.:.:; S! use.¥" upon cClq)letion.
:;.'r. S!
;:~: S
;;... f· $
~.:.~ S
.?"...~ $
.,:.: $!
:;:l $
<:f.:: $ ~

::~.: $ Ret\J'ItS

2',·) $! ------- --.--••------- ---- ---------------------- • --._------

.'::' $TtJ'tHJ)O.tt:
::i::·. $! If the.re ...a.s no pr-I!viously flagged err-or or problem. search the log files
;:::" $! fol' lIny fatal. error. or varnil'l9 messages.

-
;·r,:: $!

".-:- ~ $!
.''':- $
.1';': $!
:":'. $!
Z,;; $
.. r~~· $!

Deassign sys$outpl1t so the 'log"' file closes,
deassign sys$output

SnO'o' tne :run output to the user
TY'J>£ 'log_file_~



skip sendiM the _il _$$~e

QOtO encLc:erminate

CLOSE/nolco _il_!il~

tQ.It./sv.bjee:.. -, 'mail_subjec:t'· '_il_file_name '_ii_list

DeASSIGN inPut
DrASSIGN inQ'uess
D£ASSIGN e.b.emO.at
DUoSSIGN rhoaU.n
DEASSIGN OlJ,eput
DEASSIGN forOSS
OEASSIGN t,itrate
OtA,SSIQl 1IID1es
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u' search_status .eq. .or. lIllIil_e==_flaq .•Q. 1

"""WIUTE mail_file "The:run log contains fill error or warninq.
WRITE _il_file "Please examine . 'lo',L!il<ljlUle'
_il_sl.lbject •• "' 'llI&il_subject' DI.ROR"

c..s<
WJUtt lI'fo.i.l_file .~ nrr run bf,.s coa:pl.ted

f>lDIF

If there ...... f1Qt 1Io prrviou.s error reeo:r<lec!, :search the log file for
COl'lalOf'l error irdica:.ors.
search-sutus - 0 .
If _il_uror_Hao;: .ne .

"""'%\1m 0[[ infonaaticmal CI!!&SII;'U [rca search. ce"':"lIo"\d
StT _s&lIge/nofac:/nosev/notelO;t/noid
S£AJlO'I 'lo(Lfile_~ "-1'-", "-E-", '-W-" / _tcr._or
search_status. Sstatu.s

. T\l.rTI em _ssaQes
SET _ssaQe/h,c/sevltext/id

DO"
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.i:-:-; s ~

2';':> S
.;':;':1 S ~

:"?'" $~

~:~ S ~

..~.: S

.i:';:;' S
~;.: S
.i:>~ S ~

:'::, S
::,.:. S
;.::= S
F." S!
2;.~"': $
":::;1 $
:7.<. $ ~

:'e:, $
;,·e.: S
",.:.;; S
2·..., S
..:'~": S
:Z:'·5
;:::::' $
;'"":l;: S
;.~; $!

b:$
"=:':'; $
:,,< $!

;.';;: S~_T!RImO.tt:

t~; $ EXIT
:r.;.'~ S!' _'44.' - --------------------~ ----#----------------.------------
;''1::> St.lNtlU~_S\'MBOl.S:

!S:: S! ~.ssiQ!l. irlpu,t files
;.);;:.. $ ~

:;;;1 $
'J('.:': S
;':'.: S
:" .•1 $
~';;'~ S
;.;:,;; S
:;,,,. S
':~':' S
:':):1 S ~

:: '; s R£'roRN
! $! •• , •••- ---------- - - - - - ------------------------ - - -- -------- - -------- - ---- -- ---

;;;'.: $~ 0tS UJ'LACDfEN'I' HiSTORY, El~t FMT_FHTC.COH
'J',' S~'2 2l_0EC_1995 12:58;57 SCBABB "nrr EXEC'UTAJlLE twa: ~ttl"
'!".5! -l 19.DEC-1995 12:26:5'" SC»JiB 'USER ctl'ItPoND 'F11..E l'~~ PMT_nrr::!PC 'F1l.CH o.s"
::'.:~ $: 0tS RULACmmn' flISTOJl.Y, Elt::aent ""_nm:'.c.'CJH
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NOTE: Copies of the User's Manual Reviewer's Forms are available in the Sandia WIPP
Central Files.


