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1.0 INTRODUCTION

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

FMT is used to compute the concentrations, expressed in terms of molality {moles of solute per
kilogram of solvent), of chemical species using a thermodynamic model for concentrated
electrolyte systems (brines). FMT is used to simulate the solubility behavior of radionuclides in
brines found in the Castile, Rustler, and Salado Formations near the WIPP site. FMT is based on
the Harvie-Mgller-Weare (HMW) data base (Harvie et al., 1984; Felmy and Weare, 1986)
enhanced with radioactive elements such as americium(III) 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 repetifive 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(Iil}, An(IV), An(V), and
An(VI). These tables will be converted into equations of surfaces that will be used by the WIPP
PA codes PANEL and NUTS to calculate actinide solubility values as a function of CO3 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.




FMT, Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17, 1995
Page 10

1.1 Software Identifier

Code Name: FMT

WIPP Prefix: FMT_

Version Number: 2.0 11/03/95

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

1.2 Points of Contact
1.2.1 Code Sponsor

Sandra C. Babb

Sandia National Laboratories

Albugquerque, NM 87185-0661

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

1.2.2 Code Consultant

P
Craig F. Novak ’,f T
Sandia National Laboratories LA
Albuquerque, NM 87185-1320 G
Voice: (505) 848-0619 "‘«.ﬁ o

Fax: (505) 848-0622

2.0 FUNCTIONAL REQUIREMENTS

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

R.2: FMT calculates chemical equilibrivm using aqueous thermodynamics. It is based on the
Harvie-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 (1) 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 incremert. ’
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R.8: The “titrate” mode shall support logarithmic increments, i.e. adding a logarithmically
increasing volume for each titration. :

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

3.0  REQUIRED USER TRAINING AND/OR BACKGROUND

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

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

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

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 leveﬁihder’éréduate level).

4.0 DESCRIPTION OF THE MODELS AND METHODS

4.1 Mathematical Model and Numerical Methods

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

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

36 _

—=0. ]
5% (1)

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

N7 = the complete, transposed stoichiometric matrix: the (N X R) matrix whose columns are the
R stoichiometric vectors; that is, N = (V,V,,...,Vp); entry (i;j) of Nis v, and

1 = chemical-potential vector with entries 1.

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

each iteration by amounts 8 :
(3)

where
m = iteration index,

v;; = stoichiometric coefficient of species i in stoichiometric vector (equation) f,

N’ = number of species excluding inert species, :‘
H; = chemical potential of species {, and Ll
R = maximum number of linearly independent chemical equations.

The mole numbers are adjusted by means of
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R
8™ =Y v, 86" i=12..N", 4)

j=i
where n, = the number of moles of species i.

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

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

-1 R
z d*G oG
6 (m) = —— = N 5
EJ (aéz Jn(rn)[ aE: ]n{m ( )

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

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

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

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

2G93 (¥
2= s V..
a‘iia‘:j ag} [Z la“‘k)

k=1

R & = 0 1) P 6
=RTY ViVl e | j=12,...R, . (6)
k .""‘\

k=l I=1 R,

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

3,, = the Kronecker delta function; 3, =1,ifk=1 8, =0,ifk 21,

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

Smith and Missen (1991) explain 10 Section 6.4.4 how the Hessian matrix in equation 6 can be

expressed as
e ) (1 2 w2
R ::( +2_£r____r_} aij , (7)
0E,0 ; Pivwr g=1"%

N
where V, is the sum of the stoichiometric coefficients in stoichiometric equation i, i.e. V; =Zv ki
k=1

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

—1
M y2o 32 AGY
{m) ___ 1 & J J . .
5§j = —m + o) ——n RT Jj=12,...R (8)

n
=] & 4

J+M k

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

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

4.2 The Pitzer Activity Coefficient Formalism

The Pitzer activity coefficient formalism 1s 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 1s no difference in the mathematical formulation from these
references and FMT, only the equations in Felmy and Weare (1986) are presented below. The
interested reader will find a comprehensive presentation of these equations in the three cited
publications.

The activities of the species a; can be defined by the following equation:
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_1) =0
[5’-;- =\, =it +RTlna,, (A.12")
{/TPn

where u? = the standard chemical potential for species i. Activity is defined for each solute
species i by
a;=Y,m; (A.1b)

and, for the solvent, by
~W
Ina R m.
H,0 1000(21.( ‘Jq’ (A.1¢)
where

Y; = the activity coefficient of the solute species,
m, = the molality of the solute species,
W = the molecular weight of water,

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

1

¢ = the osmotic coefficient.

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

M _ W
=== RT+1n(§). (A.1d)

The remaining variables lacking explicit definition are the excess functions v, 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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Z =Z|Zilmi (2c)

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

AT -
Iny, =———— 4+ BI,
vi 1+Ba£wﬁ !

as presented on page 981 of Harvie and Weare {1980).) Here A? equals 0.39 a1 25°C. The
second virial coefficients, B, are given the following ionic strength dependence:

Bl =Bl +Biaxe T +B{ife Ga)
Bx zﬁg%c”“ggxg(“lﬁ)"‘l?’%(g(az Vi) (3b)

(1) g’(al“/ﬂ¢ﬁm g’(az\ﬁ)

By =Bhix I PuxT 7 (3¢)

The functions g and g~ are defined by

g(x :2_(_1;(#2:1)_ ' '~ | (42)

X

[1_[l+x+f.23)g-x)

x2

g'(x)=-2 (4b)

with x = alﬁ or = (}Lzﬁ . When either cation M or anion X is univalent, o; = 2.0 and o, = 12.
For 2 - 2 pairs, o, = 1.4 and o, = 2. For all electrolyes, b= 1.2. For 2 - 3 and higher pairs, o,

= 1.4 and @, = 50. The dimensions of a, and o, are kg¥?mole 2. The virial coefficients, @,
which depend upon ionic strength, are given the following form:
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D! =8, +E6,.(1)+1%6},(1) (5a)
D, =6,+58,(1) (5b)
r _Eg’ -
&, =F0/.(I) (5¢)

The functions EBI}.(I) and EB;J.(I) are functions only of ionic strength and the electrolyte pair type.

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

nij*
neutral species, are taken to be constant. The third virial coefficients, CLX and y; , 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:

BS&;, BS‘?X, Bﬁg{ and Cg’dx for each cation-anion pair

. 6,; for each cation-cation and anion-anion pair
. W, for each cation-cation-anion and anion-anion-cation triplet

for ion-neutral and ion-ion-neutral interactions.

A,; and {

nif

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

4.3 Inclusion of Pitzer Activity Coefficients

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

The following is an expression for the chemnical potential:
w,(7,Px)=W; (T,P}+RTIny,(T,Px)x,, )]

and
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limy,=1 (Raoult convention)
x;—l

or

lim ;=1 (Henry convention)
x;—0

wﬁcrc
x = mole-fraction vector with entries X,
T = temperature,
P = pressure, and
1 = standard chemical potential of species i.
Equation 9 may be rewritten as
1, =u; +RTInY,(T,P,n)+RTInx,, (10)
where n = spécies-abundance vector with entries 7;.

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

ui=u:[T,P,n*,(T,P)]+RTInx1- (11)

where U} is now a function of T and P through the unknown equilibirum solution n,

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

n(1). Then the activity coefficients ¥ for the nonideal system are computed from a known

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

w=p +RT1n'yi(T,P,n(l)). (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.

44 Charge Neutrality

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

4,5 Pseudoelements

Pseudoelement is the name given to mathematical constructs that are not actual chemical elements
but mathematically are treated the same as an element. Some of the pseudoelements used within
FMT in the past have been Electron:EL, PosIon:EL, Neglon:EL, CIO4:EL, and Charge:EL.
Perchlorate, ClOy, is a pseudoelement because it is a combination of elements treated as an
element. That is, the unit C1O4:EL cannot be divided into its constituent elements during
simulations with FMT. Organic ligands are treated as pseudoelements, including Oxalate:EL,
Citrate:EL, Acetate:EL, Lactate:EL, and EDTA:EL. This prevents these moieties from
undergoing chemical reactions that alter the organic species, while allowing the organic ligands to
complex with protons and other aqueous species.

5.0 CAPABILITIES AND LIMITATIONS OF THE SOFTWARE

FMT calculates chemical equilibrium for user-specified total element amounts for aqueous or
aqueous/mineral geochemical systems. All chemical elements specified by the user must be
included in the data base used by FMT in order for calculations to proceed correctly. The current
FMT data base, HMW_NP_AM.CHEMDAT (described in Section 7.3), is limited to the
elements H, O, Na, K, Mg, Ca, Cl, B, and Br, and the pseudoelements “SQ4,” “CO3,”
“Am(IID),” “Np(V),” “ClO4,” 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 his/her chemical system.
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It is important to note that FMT does not model gas phases explicitly. However, the effects of
imposing chemical equilibrium between a solution and a gas phase with constant fugacities for all
soluble gas phase constituents can be modeled by creating hypothetical but 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 CO2 gas present. It is therefore
desirable to calculate the effects of CO2 gas on the aqueous and solid chemistry in the disposal
room, and in turn on dissolved actinide concentrations. While FMT cannot explicitly model the
gas phase, it can model a system with constant CO? gas fugacity by proper declaration of a CO2
solid phase, as discussed below.

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

CO,(g)«>CO,("solid"). (13)

At equilibrium, this reaction is described by the relationship

”?20 ("solid") ”go (2) Ry
2 SOl 28 . , ‘;_.

= +In , p 14
RT RT Jeo, B (14)

where fcoz is the COz(g) fugacity, which can be thought of as an effective partial pressure for

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

solid phase is unity, allows one to simulate a system with a constant CO,(g) fugacity as long as
the CO7 “solid” phase is present. See Novak (1995k) for details.

Other particular items to note are listed below:

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

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

- The radioactive elements thorium(TV), uranium(IV), uranium(VI) and other elements
may be added in future versions of the FMT data base. These additions will be
maodifications 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 thortum(IV) is incorporated into the data base.
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6.0 USER INTERACTIONS WITH THE SOFTWARE
6.1 Overview

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

Note that “abundance” means the total amount, an extrinsic guantity, e.g., 3 moles of Na, 2 moles
of Cl, 1 mole of Br. The intrinsic quantity, commonly moles per kg H20 within FMT, is
calculated based on the extrinsic amount of water that can be formed from the specified element
abundances. This is the technical definition for the abundance entries. In practice, it is convenient
to specify about 1 kg of water (about 55.5 moles of O and 111.0 moles of H) to allow the
abundances in the INPUT and INGUESS 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 FORO088 file, which contains a column of species
concentrations in molal units. These concentrations can be copied to an INGUESS file to put all
species in the INGUESS file on a molal basis, although technically it is still the extrinsic species
abundances that are given. This merely “normalizes” all extrinsic abundances to a “per kg HpO”

basis.)

Optionally, the user could specify the same solution composition by setting the species abundances
in the INGUESS file. The CHEMDAT file is a data base that contains species names,
characteristics, and Pitzer parameters. RHOMIN, another data base file, contains mineral
densities. FMT input files are discussed in detail in Section 7.0.

Theu: ers ouldnotand is not e to'cl
which are provided with the FMT code..

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

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

INPUT \ ouTPUT
—»| INGUESS ————— FMT \

CHEMDAT FOROB8
_[static)

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

Figure 1. Input and Qutput Files for BATCH

INPUT
/v OUTPUT
INGUESS
T ot o TITRATE
CHEMDAT / \
{static) MOLES
RHOMIN TN

Figure 2. Input and Qutput Files for TITRATE

6.2 User-Supplied Input Files

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

The INGUESS file, if FMT is instructed to read it, provides molar amounts for each species in the
CHEMDAT file. All amounts must be specified as total abundances, i.e., number of moles in the
(unspecified) control volume. The user must state the moles for each species in the same order as
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the species are listed in the CHEMDAT file, starting with H0. 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_FMTC.COM to run FMT on the Sandia NWER
network with Digital's Alpha machine BEATLE. This file is located in the FMT library. All files
in the library are under control of Digital's Configuration Management System (CMS). This
library contains FMT data base files, source code and command files. The user can retrieve the
command file FMT_FMTC.COM from the FMT library using the CMS "fetch" command. For
ease in executing FMT, the command file should be in the same directory where the input files
reside.

6.3.1.1 Fetching the Command File FMT_FMTC.COM from CMS

To retrieve the command file FMT_FMTC.COM, the user logs into 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 his/her input files reside
by typing in a “set default (sd)” command. The command “cfe fmt_fmtc.com” copies the
command file into the user’s current directory. The lines are:
Snonpa_Ccms_syms ;
$libfmt {
$sd [username.user_inputfile directory] Sl
$cfe fmt_fmtc.com

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

6.3.1.2 Running FMT_FMTC.COM

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

S@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 RHOMIN file.

6.3.1.3 Examples

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

Example #1 - Running the batch problem BATCH_DOC

The input file names and extensions for the BATCH_DOC problem are BATCH_DOC.IN and
BATCH_DOC.INGUESS. Referring to the directory listing 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_JANO0S_1519.LOG. A listing of the log file follows the directory listing.

$ dir
Directory Ul: [SCBARB.FMT.CMS_TESTFILES]
BATCE_DOC.IN:1 BATCH_DOC.INGUESS;1 FMT _FMIC.COM:1 >

Total of 3 files.

S @fmt fmtc

Enter chemdat file name to search on: fmt

Enter rhomin f£ile name to search,on: fmt

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

Elements in CMS Library WPSNONPA_CMSROOT: [FMT]

FMT_HMW35_951213 .CHEMDAT °“K+ INTERACTIONS TO NP{V) SOLUBILITY DB"
FMT_HMW_35.CHEMDAT "Initial load*

FMT_HMW_35_951213 .CHEMDAT “K+INTERACTIONS TO NP(V) SOLUBILITY W/0 CMS HISTORY"

FMT_HMW_35_951213_F-1.CHEMDAT ~CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAX. -
FMT_HMW_35_951213_F-10.CHEMDAT ~C02 FUGACITY FILES CREATED FROM FMT_HMW_3 5_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_r-11.CHEMDAT *C02 FUGACLTY FILES CREATED FROM FMT_HMW_35 951213 .CHEMDAT MASTER FILE FROM CFNOVAK.
FMT HMW_35_951213_F-12 .CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35_951212.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-13 ,CHEMDAT "CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_851213_¥F-14.CHEMDAT *C02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 CHEMDAT MASTER FILE FROM CFNOVAK.

|

11

FMT

1
!

HMW_35_$S1213_F-2.CHEMDAT "C0O2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-3 CHEMDAT "C0O2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F-4 .CHEMDAT ~CO2 FUGACITY ¥ILES CREATED FRCM FMT_HMW_35_8951213 .CHEMDAT MASTER FILE FROM CFNOVAK.

FMT_HMW_35_951213_F-5.CHEMDAT *COZ2 FUGACITY FILES CREATED FROM FMT_WMW_35_ 951213 CHEMDAT MASTER FILE FROM CFNOVAK. "

FMT_HMW_35_951213_F-6.CHEMDAT “CG2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAX.
FMT_FMw,_35_951213_ F-7.CHEMDAT “COZ FUGACITY FILES CREATED FROM FWT HMW_33_951213 .CHEMDAT MASTER FILE FROM CFHOVAK.

FMT_HMW 35_951213_¥r-8 . CHEMDAT ~CO2 FUGACITY FILES CREATED FROM FMT HMW_35_951213 .CREMDAT MASTER FILE FROM CFNOVAK. ™

FMT_HMW_35_951213

F-9.CHEMDAT “C02 FUGACITY FILES CREATED FROM FMT_HMW _35_5951213.CHEMDAT MASTER FILE FROM CFNOVAK,
FMT_HMwi_35_851213_F1.CHEMDAT ~CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVAK.®

FMT. H'MW:BS_951213 F10.CHEMDAT ~CO02 FUGACITY FILES CREATED FROM FMT HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK.*
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FMT_HMW_35_951213_F&0.CHEMDAT "CO02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213,CHEMDAT MASTER FILE FROM CFNOVAK."
FMT_HMW_NP_AM.CHEMDAT "Initial load”
FMT_HMW_NP_AM_FE60.CHEMDAT "Initial load-”
Select CHEMDAT name from list above: FMT BMW_NP_AM.CHEMDAT
Your CMS library list consists of:
WPSNONPA_CMSROCT: (FMT}

$CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT}FMT_HMW_NP_AM.CHEMDAT fetched
Elements in CMS Library WP$NONPA_CMSROOT: [FMT]

FMT_HBMW_35 RHOMIN "Initial load"

FMT_HMW_NP_AM, RHOMIN "Imitial load”

Select RHOMIN name from list above: FMT _HMW NP_AM.REOMIN

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

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

image name: "FMT_FMT2P0”

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

Entering Subroutine REARDDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to nDG_BYPASS

{ .FD.TITRATE]BATCH_DOC.in; to illustrave/document "BATCH" runs FMT V2.0
DATABASE: HMWB4/FWEE; Np(V}“Na—C03~OH—C1-ClO4 (NRSd };

85,01.31 am(III)-Na-Cl-C03-3504-P04 (FRSRBY,FRF90, P91, RFFRS2, RFF94, RRFF94)

Aceuracy of reactions is 1.0000E-06
Minimum elemental abundance is 1.0000E-18
Number of Agueous Species is 50

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

Exiting Subroutine REARDDAT
Char Flags: FLOW/BATCH/TITRATE BATCH UNUSED
this i% a BATCH problem

Echo of Mole Specifications: nMOLES nEXACT

£CHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
110.222364000000 Hydrogen
55.1654821000000 Oxygen
(.200000000000000 Sodium

1.000000000000000E~002 Potassium
1.000000000000000E-003 Magnesium
1.000000000000000E-0304 Calcium
0.110000000000000 Chlorine
1.000000000000000E-003 Sulfur
1.000000000000000E-004 Carbon
0.000000000C00000E+0CQ PosIon
0.000000000000000E+QC0 Neglon
0.000000000000000E+000 Alx
1._00060C000000000E-00T Boron
0.00000000C000000E+00) Bromine
0.00000000000C00DE+0Q0 TracerEl
0.00000C000000Q000E+Q00 Th(IV]

G _ 0000000000000 00E+0Q) Am{IIT)
0.002000000000000E+Q0{ U(VI)
0.0000000C00000DCOE+000 Np (V)
0.000000000000000E+0CG) C1l04- (EL)
0.000000000000000E+0CE Phosphorus
¢.0000000000C0000E+00D Electron
4.906053920000000E-017 Charge
LT. (MINABU*1.d-6) moles NaBOZ.NaCl,2H20__ Teepleite_(20_C); del&switch

LT. (MINABU*1.d-6} moles NaBS08.5H20____ Sodium_Pentaborate: deliaswitch

LLT. {MINABU®1.d4-6) moles NaOH[ag)l...... to.titrate.base.only; del&switch

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

_LT. {(MINABU*1.d-6) moles K2B407.4H20___ K-Tetraborate (30_C}; delareopt

.LT. {MINABU*l.d-6) moles B405{0QH)d= B40S {QH)4=; del&reopt -

LT. (MINABU*1.d-6) moles KBHG6(SO4)7,._  Misenite; del&reopt . by =
LLT. (MINABU*1.d-6) moles KB8H4(CO3)6.3H20___K-Segquicarbonate; del&switch # S ,
.LT. {MINABU*1.d-6] moles B3C3(OH)4- B3031{0H)4~; deliswitch £ .

LT. (MINABU*1.d-6&) moles CadCl2(DH}6.13H2Z0_ CaOxychloride'A; del&switch .

esresrutsrr=SOLUBILITY PRODUCT VIOLATION® *é*=vvveexs
** Mg (OH)2 Brucite ** 1.00E~0L **

wareweverseasgOLUBILITY PRODUCT VIOLATION®®****>reweev
** My2C1I{0H)3.4H2D MgOxychloride ** 6.83E+00 *~

2 Solubility Preoduct Viclaticns

Adding solid Mg{QH}2 Brucite
pmi = -log(m{H+)} = 12.7140
o = -logia(B+}] = 12.8532

Total Diagonal Inversions 85
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Total Stoichiometric Reoptimizations 10
SINGLE BATCH EQUILIEBRATICON COMPLETED

S dir

Directory Ul:[SCBABB.FMT.CMS_TESTFILES)

BATCHE_DOC.FQR0OB8;1
FMT_HMW_NP_AM.RHOMIN; 1

Total of 8 files.

BATCH_
BATCE_DOC_JANOB_1518.L0G;1

DOC.IN:1
FMT_FMTC.COM;1

$ type batch_dec_jan08_151%.log

image name:
image file identification:

“FMT_FMT2P0"
“PROD PAZE™

image file build identification: "~

link date/time:
linker identification:

21-DEC-1995 11:36:2B8.86
*All-14-"

Entering Subroutine READDAT
reading chemical species data from CHEMDAT file
DG _EYPASS fiag set to nDG_BYPASS

[.FD.TITRATE]BATCH_DOC.in;
HMWB4/FWB6; Np(V)-Na-CO3-0H-C1-Cl04
AM(IIY)-Na~C1-CC3-S04-P04

DATABASE :
§5.01.31

Accuracy of reactions is

Minimum elemental abundance is

Number of Agueous Species

ACTIVITY COET.

to illustrate/document
{NR94) :

1.0000E-0%
1.0000E-18
is 50

FLAG PITZACT

using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

Exiring Subroutine READDAT

Char Flags: FLOW/BATCH/TITRATE BATCH

this is a BATCH problem

Echo of Mole Specifications:

UNUSED

nMOLES nEXACT

ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH

110.222364000000 Hydrogen
55.1654821000000 Oxygen
.200000000000060 Sodium
,000000000000C00E~D02 Potassium

.1100000006000000

.000000000000000E+00C

T OO0 0C OO0 CODHY O HEHOD

.LT. (MINABU-*1.d-6)
.LT. (MINABU*1.4-6)

moles
moles

.LT. (MINABU*1.d-6) moles
LT, (MINABU*1.8-6) moles
LLT. (MINABU*1.d-6) meles
LLT. (MINABU*1.d-6) moles
LLT. (MINABU-1.d-6) moles
.LT. (MINABU*1.d-6} moles

.LT. (MINABU*1.d-6)
LT, (MINABU*1.d-6}

moles
moles

.00000000000CCO0E-003 Magnesium
.C0D0O00000D00OC0E-004 Calcium
Chleorine
.00G0000000Q0000E-0C3 Sulfur
.0000000C0000000E-QD4 Carbken
.000000000000000E+C00 PosIcn
.0000G00C00C0000E+000 Neglon
.000000000000000E+000 Air
.00000000000CC00E-0C7 Boron
.00000000C000000E+GOC Bromine
.000000000000000E+000 TracerEl
.000000000DO0000E+OCC Th{IV}
.000000000000000E+00C0 Am(III)
.0Q000000000CC00E+000 UIVI)
.000000000000000E+Q00 Np (V)
.00000C000000DC0E+QOC C104~(EL)
Phosphorus
.000000000C00000E+GOC Electron
.906053920000000E-017 Charge

NaBO2 .Na{l.2H20__ Teepleite_{20_C);

NaB508 .5H20 Scdium_Pentaborate;
NaOE{ag)...... to.titrate.base.only;
HCl{ag)....... to.titrate.acid.only:;
K2B407.4H20____K-Tetraborate (30_C};
B405(OH) 4= B40S{0OH) 4=;
K8HE (50417 Misenite;

K8H4 (CO3}6.3H2Z0 K«Sequicarbonate;
B303 (014~ B303(CHY4-;
Ca4Cl2(0OH)6.13H20__CaOxychloride A;

srensrenwew s SOLUBILITY PRODUCT VIOLATION***wwwnxeraws

Brucite "* 1.00E+01 **

** Mg(OHIZ

werrweerer e SOLUBILITY PRODUCT VIOLATION**#*ewrrwvrwrs

** ¥g2Cl{0H}2.4H20

____ MgOxychloride =+

£.69E+00 *~

2 Solubilicy Product Violations

Adding sglid Mg(OH)2 Brucite
pmE = -leg(m{H+)] = 12.7140
pPH = -logla(H+}] = 12.8532

Total Diagonal Inversions 85

Total Stoichiometric Reoptimizations 10

SINGLE BATCE EQUILIBRATION COMPLETED

“BATCH" runs

BATCH_DOC. INGUESS; 1 BATCH_DCC.QUT;1
FMT_HMW_NP_AM.CHEMDAT; 1

(FRSR8%,FRFS0, P91, RFFR92, RFFS4, RRFF34)

del&switch
del&switch
delaswitch
del&switch
del&recpt

del&reopt

delareopt

delkswitceh
del&switch
del&kswitch

FMT V2.0
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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.

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

FMT_PMTC.COM; 1 FMT_HMW_NP_AM . CHEMDAT; 1 FMT_HMW_NP_AM . REOMIN; 1
NP_NACL BM_IN;S NP_NACL_BM. INGUESS; 2 :

Total of 5 files.

$ @fmr_fmtc

Enter chemdat file name to search on: ap

Enter rhomin file name to search con: op

Enter input file name {without .extension): np_nacl _bm
$CMS-I-LIBIS, library is WPSNONPA_CMSROOT: |FMT]
BCMS-5-LIBSET, library set

-CMS-1~SUPERSEDE, library list superseded

Elemencs in CMS Library WPSNONPA_CMSROOT: [FMT) .

FMT_HMW_NDP_AM CHEMDAT “Initial load*
FMT_HMW_NP_AM_F60.CHEMDAT *Initizl load"
Select CHEMDAT name from list above: FMT_HMW_NP_AM.CHEMDAT
Your CM$ library list consists of:

WPSNONPA_CMSROOT: [FMT]

$CMS-5-TETCHED, generation 1 of element WPSNONPA_CMSROOT: {FMT]FMT_HMW_NP_2AM.CHEMDAT fetched
Elements in CMS Library WPSNONPA_CMSROOQT: [FMT]

FMT_HMW_NP_AM_RHOMIN "Initial load*

Select REOMIN name from list above: FMT_HMW _NP_AM.RHOMIN

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

%CMS-S-FETCEED, generation 1 of element WPSNONPA_CMSROOT: [FMT) FMT_HMW_NP_AM.RHOMIN fetched

image name: "FMT_FMT2PD*

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

Entering Subroutine READDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to nDG_BYPASS

Benchmark TITRATE Problem: Npi{V)0Z with C03 in 5.6lmclal NaCl FMT V2.0
DATABASE: HMWB4/FW86; Npi(V)-Na-CO3-OH-C)-C1lC4 (NRS4);

95.01.31 Am!III)-Na-Cl-C03-504-P0O4 (FRSRE8I,FRFS0, P91, RFFRS2,RFF94, RRFF94)

Accuracy of reactions is 1.0000E-06
Minimum elemental abundance is 1.0000E-18
Number of Aqueous Species is 50

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

. -
Exiting Subroutine READDAT ‘ ﬁfﬁ L ‘i

Char Flags: FLOW/BATCH/TITRATE TITRATE EXPLICIT K N %
this is a TITRATION problem - B %
Character Flags: J.C. nMOLES REXACT e
Character Flags: I.C. nMOLES nEXACT

TEMP is an unused local variable 180000.100000000

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

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

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

Char Flags UNUSED UNUSED RHSFDIF LHSFDIF
Char Flags UNUSED UNUSED nMOLES nEXACT
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TEMP iz an unused leocal variable 9.939999996999999E-021
Character Flags: VPOROS FRFLASH VPORDS FRFLASH
Specifying VARIABLE POROCSITY for TITRATION Problem
Character Flags: VAR_AQ_RHO VAR_AQ_RHO FRFLASH
Aqueous Density 315 a Function of Composition
Char Flag is UNUSED: NO X DIFF nNQ X DIFF
Char Flag is UNUSED: UNIFORM UNIFORM
MINERAL DENSITIES, KG/M"~3, IN FILE “RHOMIN"
pmE = ~logim{H+)} = 11.6199
pH = -logla{l+)] = 11.7497
pmil = ~log[m(H+}) = 5.9141
pH = -logf{a(H+}] = 5.3205
TITRATION Character Flags
cduml= TITRATE cdum2= ASREARD
reading titrant volumes from input file
First Volume Added = 0.10 mL
Final Volume Added = 10.00 nL
pmH = ~Iog{m(H+}] = 5.9141
pH = -logla(H+)]) = 5.320%
pmH = ~log(m{HE+)] = 6.2386
pH = -logla(H+)] = 5.6451
pmH = ~log(m{H+)] = €.5870
pH = -logla(H+}} = 5.9936
pmH = ~loglm{H+}] = 6._5286
pH = -logla(B+}] = §.2353
pmH = ~log{m(H+}) = 7.2930
PH = -loglaiH+)] = €.6986
prH = ~log(m(H+)] = 8.5359
pH = -logla(H+)] = 7.9427
pmH = ~log(m{H+]] = B.9250
pH = -logla(H+}] = 8.3317
pmBH = <logim{H+}] = 5.1587
pH = -loglai(H+)] = 8.3655
poH = ~log(m(H+)] = 9.3098
pPH = -logla(H+)] = B.7166
pmH = ~logim({H+)] = §9.4653
pH = -logla(H+)] = 8.8722
pmd = ~logim(H+)} = g.B154
pH = -logla(H+)) = 9.2225%
pmH = ~loglm{H+)} = 10.0620
pH = -logla{B+)] = 9.4655
pmH = -~log{m{H+}] = 10.4406
pH = -loglaif+)] = 9.8493
pmH = ~log(m(H+)] = 10.8825
pH = -logia(H+)] = 10.2955
pmH = ~log[m(H+)] = 11.2341
pH = ~logla(H+)]} = 10.6594
End of AurcTitration Problem
$ dir
Directory Ul:[SCBABB.FMT.CMS_TESTFILES]
¥ ,
FMT_FMTC.COK;1 FMT_HMW_NP_AM CHEMDAT;1 FMT _HMW_NP_AM.RHOMIN:1 K
NP_NACL_BM.IN;S NP_NACL_BM. INGUESS;2 NP_NACL_BM.MOLES;l
NP_NACL_BM,OUT:;1 NP_NACL_BM.TITRATE;1l NP_NACL_BM _JANOB_1523.L0G;1
Total of 9 files.
6.3.2 Macintosh Environment

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

name.

The user can set a folder or directory before selecting or naming any file. The order of prompts in

a batch problem directs the user to:
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1. Select CHEMDAT File _—

2. Select RHOMIN File™

3. Select INPUT File

4? Select INGUESS File

5. Enter OUTPUT File Name

6. Enter FOR088 File Name
A titrate problem directs the user to:

1. 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 uniqgue CHEMDAT and RHOMIN data base files.

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

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

5 <
. D
HMW_DB
<<
—
HMW_NP_AM HMW_352 HMW_345° ¢ o
HMW_NP_AM.CHEMDAT HMW_35.CHEMDAT
HMW_NP_AM_F60.CHEMDAT' HMW_35_F60.CHEMDAT
HMW_NP_AM.RHOMIN HMW_35_F1.CHEMDAT
HMW_35.RHOMIN
Notes
1. Same as HMW _NP_AM.CHEMDAT, except a deciaration of CO,, “soiid*” fugacity = 60.0 aim was added.
2. Contains updates on thermodynamic parameter values and complexation data for Np(V) and Np(V);
F1 and F6Q designate modifications to CHEMDAT file 10 reflect CO,, *solid” fugacity at 1 and 60 atm.
3. Folder for future CHEMDAT data bases for Actinides in 1Y, IV, V oxidation states.
Figure 3. Suggested data base organization. ;
*
{4
i
Test Cases
[
el
* o @
55 —55—
BATCH_DOC NP_NACL_BM
—3 —s
NP_NACL_BM_LOG.IN
* & @ NP_NACL_BM.INGUESS e o o
NP_NAGL_BM_LOG.OUT_V1
NP_NACL_BM_LOG TITRATE V1
vi v2 NP_NACL_BM_LOG MOLES_V1
BATCH_DOC.IN BATGH_DOC.IN
BATCH_DOC.INGUESS BAYCH_DOC.INGUESS
BATCH_DOC.OUT, V1 BATCH_DOC.OUT_V2

BATCH_DOC . FOAGER. V1 BATCH_DOC . FORDBE. V2

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

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

In batch problems, FMT generates two output files: OUTPUT and FORO0SS.
6.4.1 Screen Display Descriptions

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

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

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

Line } Variable Name Description

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

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

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

4-6 notation; setting pointers to FMT CMS library

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

correspond to search string in line }

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 1o
the user’s current directory

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

21 RHOMIN_NAME | user double clicks or cuts and pastes with a mouse or types in appropriate
RHOMIN filename
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22-25 notation indicating that the RHOMIN filename in line 21 has been copied to the
user’s current directory
27-31 linker and identity information on the FMT2P0 executable in CMS
33 notation; FMT will begin reading problem description 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_IDOC.IN,
Appendix E)
35 DUMMY?2 FMT read ‘nDG_BYPASS’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)
36 notation; repeat of line 1 of INPUT file (BATCH_DOC.IN, Appendix E)
3742 | DBASEI], repeat of lines 3-8 OUTPUT file for CHEMDAT (Appendix )
DBASE?2,
ACCURACY,
MINABU NAQ
4445 | DUMMY2 FMT read ‘PITZACT’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I) and notation (repeat of line 1273 from QUTPUT file for CHEMDAT
[Appendix J]) :
46 ELNAMES repeat of line 1274 from QUTPUT file for CHEMDAT (Appendix J)
(RPLWCHG)
48 notation; FMT finished reading CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)
49 CDUMI1,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
DUMMY1 read species amounts from INGUESS
52-76 notation; listing of elemental abundances
ABUND(), ith mole amount from INPUT file (BATCH_DOC.IN, Appendix E) and ith
ELNAMES(} 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(<MINABUx1x10-6)
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88-95 repeat of lines 17-24 in OUTPUT file for Batch (BATCH_DOC.OUT, -
Appendix M)
96-97 repeat of lines 163-164 in OUTPUT file for Batch (BATCH_DOC.OUT.
Appendix M) ' -
98-99 repeat of lines 180-181 in QUTPUT file for Batch (BATCH_DOC.QUT,
Appendix M)
100 notation; normal exit from batch mode
6.4.2 Using FOR088 File as INGUESS File

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 FORO88. The
FOROS8S file contains the number of moles of each species calculated from the equilibrium run.
The user could rename the FORO088 file to INGUESS, change the flags to ‘MOLES’ ‘EXACT’ in
INPUT, and recalculate the equilibrium solution using the species concentrations (total mole
amounts) read from the renamed INGUESS file. In this scenario, the calculated results would be
the same.

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

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

6.5 Setting up and Running a Titrate Problem

In addition to running in batch mode, FMT can calculate equilibrium concentrations resulting from
titrating one solution with another solution or solution containing minerals (“a slurry”). For titrate
problems, the user defines two solution compositions, the solution to titrate with. called the titrant

or the “buret” solution, and the solution to be titrated, or the “Erlenmeyer” solution. The user

must also specify the volumes of buret solution to add to the Erlenmeyer solution, and the number

of additions.

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

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

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

Table 2. Titrate Options

Option | Description Method

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

LOGI10 | add utrant volumes that AVi=DV(2) x e(-2)R j=2, | N 5. with R=

increase exponentially from In(DV(Ng)) - In(DV(2))
the user specified minimum N2 , where DV(2) and
-

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

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

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

DV{1l) 0.0 mL for all three options

DV(Z2)

1

0.1 mL for all three options.

The incremental volume is

AV 0.1x(-1) mL for ‘LINEAR’

it

AV; = 0.1 xe(1-2)RyithR=(1n(10.0)-1n(0.1))/13.0,

i=2,..,15 for ‘LOGIQ’
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and user-specified increments for ‘ASREAD’.
The final volume is

V(15) 1.4 mL for ‘LINEAR’ option

1]

DV (15) 10.0 mL for ‘LOG10’ and ‘ASREAD’ options.

1l

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

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

by /

4 4 ]
] 0 O
0 1

%1
s i RN o

Beaker 1 Beaker 2 Beaker 3 Beaker 14 Beaker 15

- -

'} -t
= o 2 =
S <3 =1 g
~ o < - -
— - - I v
1l Il 1l faeg —_—
= & 2} = s
> > > > by
D [} o (= a
+ + + + +
- - - - ]

Figure 5. Titration problem using LINEAR option.

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

3. use the ASREAD option to show the minimum number of points of pH changes
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All options use NSPACE, the number of Erlenmeyer solutions. The LINEAR option requires an
initial volume DV(2). The LOGI10 option requires initial and last volumes DV(2) and DVMAX.
The ASREAD option requires DV (i) amounts defined by the user

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_NaC]_BM_LOG, Np_NaCl_BM_LIN, and Np_NaCl_BM, the LOG10, LINEAR, and
ASREAD runs of the titrate problem, which are described in detail later in this manual. “Variable
Name” column shows FMT's program variables.

Table 3. Titrate Problem Screen Display Description (See Appendices B, C, and D for sample
screen displays of Np_NaCl_BM_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 CDUMI1,CDUM2 | character strings read from INPUT (Np_NaCl_BM_LOG.IN [Appendix F],
Np_NaCI_BM_LIN.IN [Appendix G], or Np_NaCl_BM.IN [Appendix H]) to set
titrate mode

50 notation that FMT has a TITRATION problem

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

53 CDUMI1.CDUM2 | character strings read from INPUT (Appendices F, G, or H) w0 nor read species
amounts from INGUESS for the initial or Erlenmeyer solution

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

56-37 notation; repeated in OUTPUT file for CHEMDAT (Appendix I)

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

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

[Appendix NJ], Np_NaCl_BM_LIN.OUT [Appendix O], or Np_NaCl_BM.OUT
[Appendix P])
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71-72 unused character sirings read from INPUT {Appendices F, G, or H) line 63-69

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, Q, or P)

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

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

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

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

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

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

90-91 pmH and pH of the Erlenmeyer solution

93 CDUMI.CDUM?2 | 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=l1, ..., Ng to I liter of the Erlenmeyer solution, with no additions to
the first beaker; see Figure 5.

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

The user should ’be famlllar with the mput and output fiies for the ‘ASREAD’ tltratlon
calculation (see Section 6.5.1) before readmgthls section. - :

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

2- . : .
CO4 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 Nat and CI~ constant, the simulation was designed to keep the
Na* concentration constant.
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Referring to Appendix P, the listing for Np_NaCl_BM.OUT (an output file for the titrate
calculation using the ‘ASREAD’ option), the flash calculation output for the titrant shows 5.61

2
molal sodium on Lines 58 and 102, approximately 2 molal CO3 on Line 103, with 1.61 molal

CI~ (Lines 62 and 104) to create a charge-neutral solution. The titrant was designed to have a very
high carbonate concentration. The solution could not have been made much more concentrated in
carbonate because 1t 1s nearly saturated with respect to NayCO3+7H2O(s) as indicated by the

Saturation Index of —0.251 listed in the Descriptor column on Line 114. The flash calculation
output for the Erlenmeyer solution shows 5.61 molal sodium and 5.61 molal chloride (Lines 198
and 197), mn equilibrium with a large excess of NaNpO2CO3(s) at a relatively high pmH of 5.91

on Line 222. This solution was designed to have a very low carbonate concentrztion, 3.09x10~8
molal (Line 204). A large excess of NaNpO,CO3(s) was specified because we are investigating

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

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

. 2—
changes slightly from 5.61 to 5.51 molal. More 1mportantly, the CO5 concentration varies

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

range (Lines 79-94), and all other solid phases are absent. The concentrations of the Np(V)
- - 3- -
species NpOZ, NpO;0H(ag), NpO2(OH),, NpO2CO3, NpO2(CO3), , and NpOz(CO3)§ ,

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

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

mCO>; mNp(V) total mCO% mNp(V) total
9 49E4 5.13E-6 3.61E-3 1.07E-5
3.61E-4 4.17E-6 6.27E-3 2.24E-5
7.20E-5 4 47E-6 1.50E-2 8.51E-5
9.93E-6 1.15E-5 1.98E-2 1.38E4
2.38E-6 3.39E-5 2.74E-2 2.57E-4
1.25E-6 6.17E-5 1.09E-3 4 47E-6
3.78E-7 2.04E4 3.29E-4 3.55E-6
1.73E-7 43764 2.50E4 3.63E-6
1.57E-7 4 S0E-4 228E-5 6.46E-6
9.06E-6 1.29E-5 6.27E-7 1.41E4
2.74E-5 6.17E-6 5.72E-8 1.10E-3
1.19E-3 4.90E-6

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

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

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

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

. : o 2- : . .
where values for the independent variable, in this case CO; concentration, will be. The modeling

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

B mnptt!, Neck et al. (1994) —— mNp0O2C0O3-
—b— mMNpO2+ mNpO2(CO3)2=-
—H_ mNpO20H(aq) £ MNpO2(CO3)3==-
—E— mNpO2(OH)2- e MINPTTL
1102 3 T
o
1x10-2 B
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Figure 6. Calculated Total Np(V) and Np(V) Concentrations as a function of CO3  concentration

in 5.61 molal (5M) NaCl, and comparison with experimental measurements from Neck et al.
(1994).
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7.0 DESCRIPTION OF INPUT FILES

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

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

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

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

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

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

. “off” when the character string equals any other set of letters.

The code developer of FMT chose to indicate turning “off” options by placing a lower case “n”
before the specific string that turns an option “on,” e.g., ‘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.
7.1 INPUT

7.1.1 Batch Problem

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

header info and

Lines problem
1-6 specification
Lines mole amounts
7-29 of elements

Figure 7. Batch INPUT file. e f‘:@i%\

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

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

Line | Variable Permissible Value Description
Name
1 TITLE78 any character string character string that identifies or describes the user's

(maximum 78 characters) | problem

2 DUMMY ‘CHEMFILE’ character string used as a flag for reading the

CHEMDAT file (Appendix I)
4 CDUMI, ‘BATCH’ ‘UNUSED’ the first string indicates this is a batch problem with the
ChUM?2 second string’s value being irrelevant
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6 DUMMY, 2 character strings used as flags for calculating the
DUMMY equilibrium state using either:
‘MOLES' ‘EXACT species abundances read from INGUESS from which

J 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 1, lines 8-10), one elemental
amount per line

As shown in BATCH_DOC.IN file on lines 7-29, each amount 1s 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 method — 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
(LOG10 method), Appendix G (LINEAR method), and Appendix H (ASREAD).
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Lines
1-5

Lines
6-29

Lines
31-54

header info and Line 56 no. of beakers
problem
specification

mole amounts
of elements in
buret solution

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

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

Table 5. INPUT File Parameters for Titrate (See Appendices F, G, and H for sample listings of
Np_NaCl_BM_LOG.IN, Np_NaCl_BM_LIN.IN, and Np_NaC]_BM.IN, respectively.}

Line | Variable Names | Permissible Values Description

1 TITLE78 any character string character string that jdentifies or describes the
(maximum 78 characters) | user’s problem

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

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

6 CDUM1,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.1} [ nonnegative real number® | mole amount of ith efement in buret solution, one
elemental amount per line

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

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

or

‘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 (1,2)

- * ok
nonnegative real number

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

56 NSPACE,
TEMP,TEMP,
TEMP,
CDUMI

2 < integer number < 66
2.25d3  0.0025d0
1.800001d5
‘nDXVARIABLE’

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

5798

exactly as specified in the
INPUT (.IN) file

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

100

ChuM1

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

“TTIRATE'

“TITRATE" must atways read “TITRATE®

CDUM2

‘LINEAR™ or

Specifies the method of adding volume amounts to
each beaker:

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 LOG10 options.

A value must exist but not used for ASREAD option.

DVMAX

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

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

™ The vaiue on line 54, though negative, is essentially zero since jt is so small (order of magnitude: 10'15)
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‘nINJSCLIDS” or
‘INJISOLIDS'

CDUM3

By default, FMT will add only the aqueous phase
part of the titrant to the Erlenmeyer solution.
However, if the user wishes to add both the aguecus
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 ‘INJSQLIDS'

101-
114

DV(i) nonnegative real number

read titrant volumes, ih mL, to be added for each of
the Ng-1 additions where Ng value is set on line
36. For the ASREAD option; see Appendix H for
illustration. For the LINEAR and LOG10 options,
the INPUT file is not read after line 100.

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

The INPUT file structure accommodates the three titration methods:

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

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

disregards any further lines.

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

7.2 INGUESS

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

7.2.1 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), 1s provided below in Table 6.
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Table 6. INGUESS File Parameters for Batch Problem

Line | Variable Name | Permissible Value Description

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

On each line of an INGUESS (or FORO088) file, the total moles is followed by a species name and
molality value. The order of the species listed follows that of the CHEMDAT file (Appendix I,
Lines 14-140). HMW_NP_AM.CHEMDAT file has 115 species. FMT does not read the names
or molality values from an INGUESS file, which were derived from a renamed FORO88 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 | mele amount of ith species listed in
CHEMDAT (Appendix I, lines 14-140),
one species amount per line, for buret or
Erlenmeyer solution

7.3 Standard CHEMDAT Input File

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

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

. HMW stands for Harvie-Mgller-Weare/Felmy-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, Neglon, Air, Boron, Bromine,
TracerEl, C1O4-(EL), Electron and Charge. These psuedo elements are treated exactly like the
physical elements in the mathematical sense, regardless of their identity. See Section 4.5.

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

***NOTE***

HMW NP_AM. CHEMDAT is not necessarily- ~the CHEMDAUT file that will be used to
support the WIPP 1996 PA calculations. . Additional species and elements will be added to
the HMW_NP_AM. CE’EMDAT that wﬂl be used to support the 1996 ‘WIPP PA
calculations.

This data base contains the thermodynamic parameters necessary to model the chemical behavior
of Np(V) and Am(IH) in brines. Note that the extension of the Pitzer model to higher electrolyte
types than in Harvie et al. (1984) and Felmy and Weare (1986) 1s necessary for Am(III); this is
discussed in Pitzer and Silvester (1978).

FEFWARNING ™ -
‘"ﬂ:_ L CHEM])AT file. To do so

The user should not and is not expected to , ch
invalidates the QA performed 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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Read unique chemdat 1D

Read TTLELEM, TTLSPEC and string flags

Read convergence and limits criteria

Read element names and melecular weights

Do 1, TTLSPEC

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

Agueous phase?

F T

Add 1 to count of
agueous species

Display and print problem description and chemdat ID

Display and print convergence criteria

l rdpitzr l

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

Read element substituting for charge balance
\ Valid element to substitute for
charge batance?
F \ 9 T

Print fatal error Print substituted
message element name

Calculate molecular
weight of all species

Find species H+ and
OH- in names array

STOP Found location of
F + species? T

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

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

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

7321 Brine Model

Parameters for brine electrolytes come primarily from Harvie et al. (1984) and Felmy and Weare
(1986}, called Harvie-Mgller-Weare/Felmy-Weare, or HMW/FW or simply HMW for short.
Harvie et al. (1984) presents a model for the Na-K-Mg-Ca-H-Cl-S04-OH-HCO3-C03-CO3-

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, CIO;.

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 NaCl, NaClO4, and Na2CO3 media are taken from Novak
and Roberts (1995). This modei for Np(V) chemistry in brines is limited to predominantly NaCl,
NaClO4, or NapCO3 media, and has not been shown to apply to other media. However, it can
provide a first estimate of the solubility behavior of neptunium(V) in predominantly sodium
chioride groundwaters containing carbonate, such as brines from the Castile and Rustler
Formations in the vicinity of the WIPP Site. Parameters for Np(V) were taken directly from
Novak and Roberts (1995) with no modification, as given in Tables 9 and 10. Since the
publication of Novak and Roberts (1995), several alternative sets of parameters for Np(V) in
concentrated electrolytes have been released in draft form. These will be included in future releases
of the CHEMDAT data base for the purpose of WIPP PA calculations.

7.3.2.3 Am(III) Model

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(ITI), Pu(IMI), or Nd(IIT), 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(II).
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Felmy et al. (1990) provide the values of standard chemical potential for the americium species
shown in Table 11, and the ion interaction parameters shown in Table 12. These parameters were
developed from relatively dilute, i.e., less than 0.1 molal, solutions, so they do nct necessarily
apply to more concentrated solutions, as this discussion of Rao et al. (1994) below shows,

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

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

3+yn 0 0 o] 0
Ng** + y¥™ &5 NdY, Hoent = “Nin*y“ ~ g3+~ Y Myn (15)
Am3t +yYM & AngH-yn uo = ].Lo 3+yn — ].10 -yl (16)
y y mxn2 ~ CAmYy YR~ Hpm3+ Y Hyn

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

Bogen1 = u‘;}mz. Therefore, the standard chemical potential for the complex americium species

is given by

O 0 o o
Famy, " = “Nin*y“ + [“Am3+ - “Nd3+'] o (17)

Analogous expressions hold for Pu(IlI). 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(III) by analogy. The standard chemical potential -

for Pu{OH)3(s) is converted to that for Am(OH)3(s) in Table 15. N
PN ‘

Rao et al. (1994) parameterized ion interactions for Nd(III) in concentrated NaHCO3 and NazCO%,._\ -

media, extending the work for Felmy et al. (1990) to the large carbonate concentrations that could

occur in WIPP under disposal scenarios with large CO72(g) pressures. They identified an

additional Nd(IIT) solid phase that forms under concentrated conditions, and had to modify one of

the ion interaction parameters determined in Felmy et al. (1990). The parameters from Rao et al. .

(1994), converted to apply to Am(III) species, are given in Tables 16 and 17.

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

- 2— 3— . .
HoPO 45 HPO 4 and PO4 , as shown in Table 18. The reported standard chemical potentials for —
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H3PO4 and H2P0;, 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 HPOi_, and

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

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

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

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

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

1-1 electrolytes (0 p(1) cé
Na‘*’—ClO; 0.0554 (.2755 -0.00118
Na"'—HzPO; —0.0533 0.0396 0.00795
K*HPO, 00678 | 0.1042 |0

HF.CIO, 0.1747 02931 0.00819
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2-1 electrolytes % B() 43_1 a(1) 95/2 ” (0 (1) co
3
Na+_HPOi— -0.0777 1.954 0.0554 -0.0583 1.466 0.0294
K+-HP Oi— 0.0330 1.69G 0.0309 0.0248 1.274 0.0164
Caz"'-ClO; 0.6015 2.342 —0.00943 04511 1.756 —0.00500
Mg2+-C]0; 0.6615 2.678 0.01806 0.4961 2.008 0.009578
2+ 0.5698 2.192 -{.06951 04274 1.644 -0.(3686
U02 -Ct
— . B3 .040 . . 02
UO§+—C]O4 0.8151 2.859 0 R0 0.6113 2.144 0.02168
3-1 electrolytes % 3(0) %B(l) 332 i p(0) p(l co
2
Na+—POi_ 0.2672 5.777 -0.1339 0.1781 3.851 —0.05154
+ 3— 0.5594 5.958 -0.2255 0.3729 3.972 -0.08680
K¥-PO 4
2-2 electrolytes p(0) p(1) ct
2— 0322 1.827 -0.0176

2+
UO2 -S5O 4
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Table 9. Standard chemical potentials for neptunyl(V) species, from Novak and Roberts (1995).

Species ;.l?/RT Species u?fRT
Np O; -369.127 NaNpO,»CO3(s) ~713.7G7
NpO»OH(am) -452.642 NpO, COE ~594.492
NpO,OH(aged) —454.010 NpO(CO3 )g— -808.402
NpO,OH(aq) ~438.518 NpOz(CO3)§_ -1019.918
NpO5( OH)E —505.829

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

(0) 0.312 (0) 0.161 B\s((0).Na*- 1.97

BNpO;-CIOZ BN«eﬂﬂr«hpOzCOQ Npoz(c03)§‘)

0 0.169 | B\s((0),Na+- 0.407 | Brs((1),Na*- 16
. - -

BNp02-C1 NpOz(C03)g ) Np02(CO3)§ )

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

(1990)
Species O/ RT

H
Am3+ ~241.694
AmC 0; -472.06
Am(CO3); —695.88
Am(C 03)3— -915.46
AmOHCO3(c) —~569.98
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Table 12. Specific ion interaction parameters for Am(III) species from Felmy et al. (1990).

o (1) p(2) co
Nat - Clo‘; (.80 5.35 0 ~0.0048
- %
Na* - Am (C03)g 0.24 8.1 0 o

* this value is modified in Table 17

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

Nd Species IJio /RT Am Species uio  RT
Nd3+ -270.926 Am3t -241.694
Nd( OH); —422.879 Am( OH); -393.647*
Nd( OH)g -492.182 Am( OH)g —462.950*
Nd(OH)3(gl) -~527.259 Am(OH)3{gl) ~498.027*

*calculated by equation 17

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

3(0) (D B2 )
Put+t - CI- 0.6117 5.403 0 -0.0284
Am+++ . CI- 0.6117 5.403 0 -0.0284

]
H

;’f.;}?xk.}'
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Table 15. Dimensionless standard chemical potentials for Pu(III) species from Felmy et al.
(1989), with calculated values for analogous Am(III) species.

Pu Species lliof RT Am Species “io" RT
pud+ -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(Ill) species.

Nd Species p?0 /RT Am Species IJEO /RT
Nd3+ —270.926 Am3+ ~241.694
NaNd({CO3)2+*6H20(c) —-1425.726 NaAm{CO3)2*6H20(c) -1396.494*

*calculated by equation 17

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

(0} g(1) p(2) co
Na* - Nd(CO3), 0 -8.37 0 0
Na* - Nd(CO3)g_ -0.94* 8.1 0 0418
Na* - Am(CO3); 0 -8.37 0 0
Na* - Am(CO3)3 ~0.94% 81 0 0418

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

HMW_NP_AM.CHEMDAT data base.

name Rai et al. (1992a) Rai et al. (1992b) Rai et al. (1994) selected value
H3PO4(aq) —-460.90 —460.90 —460.90 —460.90
HoP O; —455.96 -455.960 -455.960 -455960
— ] : 439354
HP oi —439.404 -439.354 39.35 —439.367
3- -410.98 -410.947 -410.947 -410.947
PO 4

Table 19. Specific ion interaction parameters for H3POg4(aq) from Pitzer and Silvester (1976).

A
H* - H3POy(aq) 0.290
K* - H3PO4(aq) -0.070
HPOi_ - H3PO4(aq) ~0400

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

Nd Solid Phase WO/ RT Am Solid Phase u’/ RT

N3+ 270926 Am3+ "241.694
AmPO4+xH20(am), Rai et al. -709.75
(1992a)

NAPO4(c), Rai et al. (1992b) | —738.166 AmPO4(c) 708934+

NdPO4(c), Rai et al. (1994) | —738.63 AmPO4(c) ~709.398

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

B0) B a2 co
Nd3+ - soi‘ 3.0398 0 ~2500 0
N3t H2PO, 0 0 “92.9 0
Am3* - 505 3.0398 0 2500 0
Am3+ - H2PO, 0 0 929 0
7.3.3 Description of HMW_NP_AM.CHEMDAT

The standard chemical potentials for most species are values obtained from a reference source, as
explained in Section 7.3.2. At the end of a line shown in the listing of HMW_NP_AM.CHEMDAT
in Appendix I, the character strings FRSR89, FRF90, PS76, P91, RFF92, RFFR92, RFF94,
RRFF94, NR94, HMWE84, and FW86 indicate the source of the data. The key to citations is listed at
the end of the file in Appendix I. These indicators are not read by FMT, but serve merely to help with
human interpretation of the file.

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

Table 22. Arbitrary values used for standard chemical potentials

Arbitrary Example in Definition
Values Lines
—999.99 39, 40,70, | physical species but represent the only occurrence for that element
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
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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)

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

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

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

Appendix L)
Line Variable Name Description
1-2 DBASE1>, DBASE2 | unique identification of the data base
4 TTLELEM, number of elements (positive integer); number of species (positive
TTLSPEC, DUMMY, | integer); unused flag; unused flag; extra echo printing flag- (if user
DUMMY?2, specifies ‘ECHO,’ then extra information will be printed); unused flag;
DUMMY1,
DUMMY3
5 MAXIT, ACCURCY, | maximum number of iterations for each equilibrium calculation {positive
MINABU integer); convergence tolerance on equilibrium problem (positive, real);
minimum element abundance, abundances below which-elements are
considered not to be there (positive, real)
6 DUMMY, character flag indicating the units for standard chemical potentials
TEMPERA, P(1), (*‘NONE’ means dimensionless); temperature in degrees Kelvin (real,
P(2) positive); unused pressure in atmospheres, unused pressure in atmospheres.
Note: TEMPERA is always set to 298.15 by FMT.
8-10 ELNAMES() name of ith element
11-12 MWELEM(i) molecular weight of ith element
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14-140 NAMES(j), name of jt chemical species; stoichiometric number of each element in

FORMULA(.)), the species and charge of species (Jast number); phase of the species

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

MUOFORM(j) chemical potential of the species (in the units indicated by the flag in line
6). Entries in the formula vector usually are, but need not be, integers,
and can be positive or negative. H20O must always be the first species
declared. All aqueous species must be declared before any solid species
is declared.

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

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

144 NCATION number of cations for which Pitzer activity coefficient model is used
{(positive integer) See note below Line 8355 for a discussion of the order of
cations, anions, and neutral species.

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

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

148419 [ SE(i.j.1) array of single electrolyte parameters
The notation for charges on each cation-anion interaction is

1 when either cation or anion has a charge of 1 T
2 when both cation and anion have a charge of 2 S -
3 for all other cases. \\a.{ N E
. £ i
N

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

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

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

SE(i.},5) C% parameter, but this is later converted to CyMX (see equation A.4b,

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

422-433 | ME(.j, 1) for i>j, i and j are cation indices, cation-cation ternary interactions, 9; j

436-454 | ME(,}.1) for i<j, i and j are anion indices, anion-anion ternary interactions, 0ij

456-544 PSI(i,j.k) for 1>j, 1 and j are cation indices, k is the anion index, cation-cation-anion
ternary interactions, wijk

546-753 | PSIGi, 1K) for i<}, 1 and j are anion indices, k is the cation index, anion-anion-cation
ternary interactions, szk

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

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

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

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

854 ELMAP(2,1) anion map

855 ELMAP(3.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 determined as follows:
the cations are the second, third, fourth, fifth, sixth, seventh, twenty-
second, etc., species entered in the species list, i.e., Na+, K+, Ca+, Mg+,

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

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

***CAU’I‘ION***
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 10 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.

861

DUMMY,
NSBSTPM,
NSBSTRX,
DUMMY!

flags and parameters for specifying ion exchange reactions. The value
‘IONEX’ means that ion exchange reactions are specified on NSBSTPM
permanent substrates and NSBSTRX reactive (soluble)} substrates. The
value for DUMMYT1 indicates what type of mass-action model to use for
ion exchange calculations. This feature is unsupported in FMT V2.0.
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7.3.4 Description of OUTPUT File “BATCH.DOC” for

HMW_NP_AM.CHEMDAT

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

24. Line 1280 for the batch problem would be line 1285 for a titrate problem.

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

Appendix J.)
Line Variable Name Description
1 notation; FMT sets temperature to 298.15 Kelvin
2 TITLES9 problem title specified on line | of INPUT file with ‘FMT’ and version
number appended
3-4 DBASE], DBASE2 unique identification specified on Iines 1 and 2 of CHEMDAT file
6 ACCURCY convergence tolerance for equilibrium calculations, specified on line 5 of
CHEMDAT file
7 MINABU minimum elemental abundances for equilibrium calculations, specified on
line 5 of CHEMDAT file. If the total number of moles of an element falls
below this value, the element is considered to be absent (see Novak,
1995a). '
8 NAQ number of aqueous species in CHEMDAT
11 notation; species listed in order for Pitzer parameters
13-18 NAMES ordered list of cation species e @,"'"Nk
(ELMAP(1,) OO
¢ R i
v Sy e
20-26 NAMES ordered list of anton species :
(ELMAP(2,i)) \ 7
29-32 NAMES ordered list of neutral species
(ELMAP(3.1))
34-296 table of cation-anion binary interactions and parameters
NAMES “Cation” species column
(ELMAP(1.i))
NAMES “Anion” species column
(ELMAP(2,}))
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SE(1.],2) “Beta(0)” column, B(0) parameter for it cation, jtP anion interaction
SEG,j,3) “Beta(1)” column, B(l) parameter for ith cation, jth anton interaction
SE(i.j.4) “Beta(2)” column, B(Z) parameter for ith cation, j‘h anion interaction
SE(i.j.5) “Cphi” column, C9 parameter for ith cation, jtP anion interaction
ALPHACH “Alpha-Values” column (O}, O,) string that states electrical charges on
SE(i.),1 . . . . .
(SEG.).1) the ith cation, j'! anion interaction (see Table 23, lines 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(1,}))
NAMES name of leading ith cation in the order listed on lines 15-18
(ELMAP(1,i))
ME(,j,1) cation-cation temary interaction parameter, 6jj
341416 table of anion-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line after leading anion
(ELMAP(2,i1)
NAMES name of leading it anion on ordered list
(ELMAP(2,1))
ME(.j, 1) anion-anion ternary interaction parameters, 8jj
419-579 table of cation-cation-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line
(ELMAP(2,X))
NAMES two cation names
(ELMAP(1,1)),
NAMES
(ELMAP(1.1))
PSI(i.i.k) cation-cation-anion ternary interaction parameter, Vo o
581-965 table of anion-anion-cation ternary interaction and parameters
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NAMES up to 10 columns of cation names on a line
(ELMAP(1.k))
NAMES two anion names
{(ELMAP{2.,i)),
NAMES
(ELMAP(2.7))
PSI(j.i,k) anion-anion-cation ternary interaction parameter, Wik
967-982 table of neutral-cation binary interaction and parameters
NAMES up to 10 columns of neutral species names on a line
(ELMAP(3.1))
NAMES i*h cation name and up to 10 binary interaction values. Ajj
(ELMAP(1,5),
NEUCAT(.J)
985-1007 table of neutral-anion binary interaction and parameters
NAMES up to 10 columns of neutral species names on a line
(ELMAP(3.1))
NAMES jtP anion name and up to 10 binary interaction values, Ajj
(ELMAP(2.j)},
NEUANI(,j)
table of neutral-cation-anion ternary interaction and parameters
1009- NAMES up to 10 neutral species names in columns on a line
1272 (ELMAP(3,i))
NAMES jth cation and k' anion names
(ELMAP(L.})),
NAMES
(ELMAP(2,k))
PTZTSI(i,j.k) up to 10 ternary interaction values, C:‘jk """"
1273 notation that Pitzer activity coefficient model is used
1274 ELNAME states name of element replaced by charge balance (sce 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 TITRATION problem:
notation defining delta(x)

echoing character flags set by INPUT file in line 64

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

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

TTLELEM

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

1312- listing of each species’ chemical properties
1427

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

PSNAME string notation for the phase of the ith species

(PHASE(i))

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

MUOFORM(1) standard chemical potential of the ith species

1430- table showing relationship of species to elements ' -
1545 e
L,NAMES(i) number and name of ith chemical species i T
\ .
gt J’yj
FORMULAG.i), stoichiometric number of each element in the ith species T

j=l.ttlelem
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7.4 Standard RHOMIN Input File

The input file RHOMIN, another data base, contains mineral densities. The RHOMIN file is
required for titfate 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/m?3
or equivalently in g/L, PpyngraLs. fOT all of the minerals contained in the CHEMDAT file. The

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

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

FEEWARNING***
The user should not and is not expected to change the RHOMIN file.

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

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

Line Variable Name Description

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

8.0 ERROR MESSAGES

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

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

R RS RS R ERRESE R ES S EEEEEESEEEIE S EEEEESEEESE]

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

[on screen]

"Charge" abundance is not numerically zero

or

"Charge" abundance is not numerically zero, INJECTED
or

“Charge" abundance is not numerically zero, INITIAL

(in OUTPUT filel

‘Charge" abundance is not numerically zero
R R R EE N R R R R R R R R R EEEEE R R RS EEEE R R

8.1.1.1 Explanation

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

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

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

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

* 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 & 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. ..

LA E R R ERR R SRS ERREESREESEERSEESEESE&EI&E 1SS

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

[on screen]
CHECK PROBLEM TYPE SPECIFICATIONS

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

IR R R R SRR EE R RS RS EE R R EERER SR SRS SRS SRR RS

8.1.2.1 Explanation

On line 4 of the INPUT file (the CDUM]1 variable), the character string must be exactly ‘BATCH’
or ‘TITRATE’.

8.1.2.2 Suggested Solution

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

8.1.3 ERROR IN INITIAL ESTIMATE...

IR R R R RS AR R REREREEREERERERRERREEEEEIEESESS

{on screen]
ERROR IN INITIAI ESTIMATE DETERMINATION, INITGES

[onn unit &]
LINEAR SYSTEM INCONSISTENT (or] NO SQLUTION IS FEASIBLE

[in OUTPUT file]
ERROR IN RESULTS OF FEASBL
Results of call to FEASBL, IER= 2 lor] Results of call to FEASBL, IER= 3

AR R E R EEEE SR SRR REEERS RS R R E R EERERESESE:]
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8.1.3.1 Explanation

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

8.1.3.2 Suggested Solution

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

8.14 INPUT ERROR to . ..

[EEEE RN EEFEESEEEE S EEE R R A RS E R EERE S LS LESE.]

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

[on screen]
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

[in OUTPUT file]

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

IE R FEEERREEE RS EEEESE R AR E RS AR R E R L E S SN

8.1.4.1 Explanation

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

Contact the code sponsors. This message indicates programming errors.

8.1.5 MAXELEM-= "value for...

I EREE R ERE RS SRR E R EE SRR R AR R A AR EREE RS E LSRN

[on unit &1

MAXELEM= 'value for MAXELEM'

TTLELEM= 'value for TTLELEM

Parameter Dimensions Too Small for this Problem

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

[on screeni
MAXELEM DIMENSION IS TOO SMALL

I EEEEESERSEREE SRR R RS EEERE S AR RS LR SRS SEE]
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8.1.5.1 Explanation

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

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

8.1.6 MAXSPEC= "value for. ..

LR S LR R RS RS R RS SRS R AR RSN RRSEE SR EES LR

[on unit 6]

MAXSPEC= ‘'wvalue for MAXSPEC'

TTLELEM= 'value for TTLELEM'

TTLSPEC= 'value for TTLSPEC'

Parameter Dimensions Tooc Small for this Problem’

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

[on screen]
MAXSPEC DIMENSION IS TOO SMALL

LR R R AR E SR EEEREEEELES R SRS SR SRS EEEESEEESRE]

8.1.6.1 Explanation

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

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

8.1.7 MUST PUT ALL AQUEOUS...

I E R ERE S E RS EE R EEEREE R EREE B EEERERESXSE S

[on screeﬁ]
MUST PUT ALL AQUEQUS SPECIES BEFORE MINERALS

[in QUTPUT file]
MUST PUT ALL AQUECUS SPECIES BEFORE MINERALS

IR EEEEREEEEERE SRR EREE EERER S ESEREER XS ES]

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 . ..

tE R RS SRR EERESRSES R RS R AR RRREESEERSSESN]

[on screen]

Negative Element Abundance Entered
or

Negative Species Abundance Entered

{in DUTPUT file for batch option]
Negative element abundance in input £file
'element name' 'abund wvalue’
STOPPING EXECUTION in RCUTINE 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
ok ofe o o ok of o o ok o ok ook oK SR Kok ok ko K kK R R ok Rk ok R kR Kok

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 clement name (from the CHEMDAT file)
and the negative amount read from the INPUT file that caused this fatal error. For

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

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

essentially zero which is less than -1.0x10°12.

The other error "Negative Species Abundance Entered” is generated when a species amount in the
INGUESS file is negative. The OUTPUT f{ile contains the species name (from the CHEMDAT
file) and the negative amount read from the INGUESS file that caused this fatal error. For



FMT, Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17, 1995
Page 74

. ‘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 -
FLASHI)”, the ‘TITRATE’ flag and the ' MOLES' 'TEXACT' flags were set for either the
titrant or titrated solution by the INPUT file

8.1.8.2 Suggested Solution

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

8.1.9 NEW T" option ...

R SR SR LR LA SRR EREEESERERESESRSERELERESSESES]

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

LA RS R SR A SR AR R EREEEREEREEEREEEEEESESEEEEEEN]

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...

A S AR R R EREEESE R RS EEEEEEEEEESE &S LR EEE RS S

[on screen]
No Convergence on Equi Solid Suite

[in OUTPUT file]

EXITED SOLID ITERATION LOOP, MAXTMUM REACHED
diagnostics, no solid convergence achieved
list of element abundances follows:

'value for ABUND({i)' 'values for ELNAMES(i)'
list of species abundances follows:

'value for NMOLES({i)}' ‘'wvalues for NAMES(i)'

LA RS R R R R A LR AREEEEEEESESEEERRLEEEEEEEESSESS]
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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.. ..

(R R SR FEREEEEESE R RS E R R R SRR EREEERSEREEESESE]

[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+Z .LE. 'value for MXANDY'

IE S EEEEEERESSAS SRR E A EEE R LR R EEEEE S EESE LR

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 ...

(RPN S

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

LR R R RS RS EEASEREERE AR RE R R SR ERSEREESEESSE]

[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

[EEERESEREEESESEES RS RN E RS LR R REREEEEESES ]
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8.1.12.1 Explanation

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

8.1.12.2 Suggested Solution

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

8.1.13 To use TITRATE option . ..

RS E A EREERS & B & &5 EEEEEEEEREERSEEREERSEESEESKE.};

[cn unit 6]
Tc 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 LOGLl0 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to
each beaker on a logarithmic scale.

[on screenl
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 wvolumes.
When LINEAR is used, multiples of DVMIN {(mL) are added to each beaker.
When LOGLl0 is used, wvolumes from DVMIN {mlL) toc DVMAX (mL}) are added to
each beaker on a logarithmic scale.

(SRR EEFEEEFEA S EESE R LR EA R R R E R E L R R RELESE S ELRES]

8.1.13.1 Explanation

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

8.1.13.2 Suggested Solution

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

8.1.14 Trying to shift reaction...

LB R AR EEEEE R IR SRR S SR SRR EEREEREEEEEEEE RSN

[in QUTPUT file)
Trying to shift reaction tc the left, but
SMLPRD is .LE. 0.dO
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[or]
Trying tc shift reaction to the right, but
SMLRCT is .LE. 0.40

O 222 R R T 2T

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 ...

IR EEXEEEEEERES AR LA SR AR ERERESEERESEEEESESELSE.]

[on screen]
VALID CHARGE BALANCE ELEMENT NOT SPECIFIED

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

I P EEEEETEEEESEEEEEEEE SRS EEEE EREREESERESSE]

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" ...

IR R E R ER R R A EEEEEEESER SRR RREREEERERESRERES;E]

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

To use TITRATE option, specify:
"TITRATE' 'LINEAR or LOG1l0' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples cof DVMIN {(mlL) are added to each beaker.
When LOGLl0 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to
each beaker on a logarithmic scale.

[on screen]
second TITRATE flag incorrectly specified

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

each beaker on a logarithmic scale.
IERE RS EENEEEESREEEESESEERERE RS EELESEEEEREESS

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 warning messages that indicate the solution is not a valid one.

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

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

8.3.1 BATCH CALCULATION ERRORS . ..

kkkkkdkdkkhk kT hhkderhrkhkhrkrrkwdrrrrhkerhk

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

[in OUTPUT filel

BATCH CALCULATION ERRORS, L2 norm 'value for LZ 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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1) Check to see how much abundances have changed
Should only happen in batch problems, or when
flashing initial or injected conditions

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

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

A R EEEEEEEEEEEEESEEREESS R ESEEESERESERSEESR]

8.3.1.1 Explanation

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

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

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

8.3.2 CANNOT FIND LOCATION OF ...

I RN EEE RS E R R R E R R R EEE E SR E SRS E SRR RS S RN

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

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

[ R RS EEEES SR EEEE AL ES SRS EE A AR SR EEREESESES

83.2.1 Explanation

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

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

8.3.3 "EXACT" mole amounts . . .

IR R E R R EEEE R LRSS R R R R RS R E SRR S B R EERS

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

IEZE T ERTELEEEEEESE L E R AR EE S SRS EREEEEE]
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8.3.3.1 Explanation

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

value of the charge must equal or exceed 1.0x10-12 for this error to occur.
8.3.3.2 Suggested Solution

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

8.34 MASS BALANCE ERRORS . ..

I EEEEEEEAEEEE R SR SRR R E R R R RS EEREEERERLESSE]

{on unit 6}
MASS RALANCE ERRORS at ISPACE= 'value of Erlemmeyer solution'

IEAE R RN ESEE R RS AR R RS AR ES R R R EEEEREEEEEERS]

8.34.1 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.

84 Informational Messages

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

8.4.1 AQ vio 'valueof mu'. .. N

= "
A S RN R ESEEEER LA AEE S A AR R RS LR R ESENEESEERSES] e ':s;‘
[in OUTPUT file] . ®
AQ wvio ‘'value of mu' 'species name' 'name index number’

R R R EE NS EERESEEEESES R LR R EES LS EEESERESEESS]

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

IR RS R EENETEFEEEEEE RS A EAEESE R EEESEEESESRSESS &K
fon unit 6]
*t*****t********************‘!******#***********

LA SR E R E RS AR A R SR RERAEREREEEEEEEEEEEEEEEESEEEEEEESS

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

IE SR A EREEEEE RS AR A SRRl ESES LSRR EEEEREEREESERERSESS.]

**‘******‘k**************************************

[in QUTPUT file]

EA A A SR EEES RS SR RS SRR ERERER SRR SRR R EEEEEESESEERS]
R A R R R R R RS EREEEE SR A SRR R ESL SRS R R E RS EREEEEES L EES]

**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
¥rx*xex RUT CONTINUING CALCULATION ANYWAY ****xx

LA RS AR EESEREEREERE NS EREEREESESEREEEREREJRSSEHRZESRJSEESE;ES]
LEE S RS E RS EEEREEE R AR SR SR EREEEEREELREREEREEESERSESSS]

I EEEEEAETEEEEEESESREEEREE REESEEEE R FEREELEERS]

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

8.4.3 MU(tth= 'value of mu' . ..

IZ2ZEEEEEEE SRR RS R R E R R EREREE SRR ESEEEERESEXE:]

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

[in OUTPUT file]

nonconvergent elemental abundances

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

'value for abund({i)’' 'value for elnames(i)'
ITEAEREEEENEEFEEEEEEEEELEAE SR LR S &0 RS R R RS & 8K

This is not a fatal error, but it is rore 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 ...

X R R RN PR E R R EE R EEEE R E RS S LRSS R NS

[on unit 6}

***xxxxkxxx+SOLUBILITY PRODUCT VIOLATION****¥**xssxx+
'species name' ** 'value of mu' **

[in QUTPUT file]
R*ExkF Ak F X% R SOLUBILITY PRODUCT VIOLATION® * % * % k% k% %+

'species name' ** 'value of mu' **
IEEE S EEEEERESEETEFEEELESAEEEESREE S E R B R E & & &R ]
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This message occurs during execution of a batch problem when the mu value or concentration of a

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

8.4.5 ‘count of ' Solubility Product Vielations . ..

LR SR ER EEREESEREEEEREREEESE RS S KNSRI E N

[on unit &}
‘count of ' Solubility Product Violations
Adding solid 'name of solid species most oversaturated!'

[in OQUTPUT filel
'count of * Solubility Product Violations

Adding sclid 'name of solid species most oversaturated'
IR S X R R R RS E R R ES S SRR R R EEREREREESEEEESE R ES K]

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 . ..

AR AR SRR EEE SRR ESE S EESERSESR S EEEERESEEEEESERS

fon unit 6] —,
Switching Routine Hung, Ending Batch Calculation

*** Flash Calculation Terminated ***

*or ok Infinite Loop Encountered ***

*** spacepoint='value of Erlenmeyer solution’

[in OUTPUT file]

Flash-Terminated {sp) ‘'value of Erlenmeyer solution'
*** plash Calculation Terminated *** .

ok Infinite Loop Encountered ***

*** gpacepoint= 'value of Erlienmeyer solution'
IEEEEEEEREEESSEEEE S S EEESEEEREEEEREREEERE S5 X

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

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

FMT generates a primary OUTPUT (.OUT) file and the secondary output files shown in Figures 1
and 2. Secondary output files vary according the whether a batch (single flash) calculation or titrate
{multiple flash) calculation is performed. (A batch problem has one flash calculation. A titrate
problem has a user-specified number of flash calculations.) 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 prnimary 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 pninting the OUTPUT file, page breaks will occur. The listings
appended to this guide do not emulate the page break as a separate page but show such a line as a
Fortran page break, i.e., the line is prefixed with the character “1.”

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

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

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

Line [ Variable Name Description

1 INFNM INPUT filename.

2 INGFNM INGUESS filename.

3 OUFNM QUTPUT filename.

4- CHFNM CHEMDAT filename.

5 notation; FMT sets temperature to 298.15 Kelvin

6 TITLES9 problem title specified on line 1 of INPUT file with ‘FMT’ and version number

appended

7-8 DBASEI1, unique data base identification specified on lines I and 2 of CHEMDAT file

DBASE2
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11-14 this location would normally be filled with an echo print of ion interaction
parameters and chemical species definitions, as read from the CHEMDAT
input file (Appendix I). This information is reproduced in the QUTPUT file
listing in Appendix J and is described in Section 7.3.
17-25 this section comtains computation status indicators printed during calculations
to find the equilibrium system.
17:21 | NAMES(1), at the end of the first convergence ioop, the solids brucite and magnesium
MU(i) oxychloride “MgOxychloride,” were oversaturated, and thus the system was
not at equilibrium.
23 NKSPVIO number of solubility product violations for solids (minerals)
24 NAMES(i) postulated that brucite was present in the equilibrium system, and thus added
to the equilibrium calculations
25 ALLITER number of times the diagonalized Hessian matrix system of equations was
solved to reach the calculated equilibrium state
26 Note: a page break occurs; the first character “1” indicates 2 Fortran page
break and is deleted before printing the remaining line
26-28 | TITLE99, problem title and CHEMDAT input fite (Appendix I) identification
DBASE],
DBASE2
29 PRESSUR, pressure and temperature for batch problem
TEMPERA
31-58 table of Elemental Abundances
ABUND() “Total Moles” column contains the exact number of moles for each element as
read from the INPUT file, or as calculated from species abundances as read
from the INGUESS file
AQMOLES(1)/ “Ag. Molality” column is the total molality for each element in the aqueous
KGH20 phase
AQMOLESG)Y “Ag. Molarity” column is the total molarity for each element in the aqueous
SOLNVOL phase. This number is calculated from the solution density, as discussed on
lines 54-67.
AQMOLESG)/ “Aq. mgfliter” column is the total aqueous element concentration in
SOLNVQOLXx milligrams per liter
MWELEM(i)
x 1000

ELNAMES(i)

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

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

NAMES(1) “Species Name” column

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

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

MWH20

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

LNGAMA(i) “Act Coef” 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(@)/ “Molarity” column is the volume-based concentrations calculated from the
SOLNVOL “Molality” column using the solution density described above on lines 60-73

- -
o



FMT, Version 2.0
User's Manual, Version 1.00

WPO # 28119
November 17, 1995

Page 8
NMQOLES(i)/ “mgfliter” is the volume-based concentrations calculated from the “Molality”
SOLNVOLX column
MWSPEC(i)x
1000
MUGYLN10 “descriptor” column has various meanings, as stated in the notss on lines 172-
176
163 -(NMOLES pmH: the negative base 10 logarithm of hydrogen ion molality
{NPROTON)Y/
NMOLES{1)/
MWH20)
164 PHVECT pH: the negative base 10 logarithm of hydrogen ion activity
165 OsSM osmotic coefficient, a value related to the activity of water; a value calculated
from the Pitzer equations
166 LNGAMA(1)x100 § equilibrium relative humidity, equal to 100% times the water activity
167 IONICST c
ionic strength, in molal units, defined as z?’mi, where zj is the charge on
i=2
the ith species, mj is the molality of the ith species, and index i runs from
species 2 through all agueous species, with species 1 defined as H2O
168 SPRHO solution density, calcnlated 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 YCHEMPOT(i)x | the total dimensionless Gibbs free energy for the solution; the quantity that is
NMOLES({i) minimized to find the equilibrium composition
180 NINVERS total number of times the diagonalized Hessian matrix system of equations was
solved; for batch problem, this value is the same as ALLITER on line 25
181 ICNT number of times the species list was changed for computational purposes in the|

minimization algorithm

In the BATCH_DOC.OUT file on lines 31-58, the first table gives the elemental abundances in
various units, the first column being the number of total moles, and the second being the aqueous
molality. The “Total Moles” column provides the basis for computation, i.e., the amount of each
element, independent of phase, including hydrogen and oxygen. It is convenient to specify
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material on an approximately 1 kg H,O basis (~53.5 moles H,0). 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 “Aq. Molarity” and “Aq. mg/liter” columns are provided for the
convenience of those users who prefer these units. However, these units depend on the value used
for solution density, which is approximated by FMT from a correlation based on the density of
NaCl solutions.

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

The descriptor serves several functions. First, it is the value that is actually tested for convergence
(note that all values of the descriptor are less than the 10-0 as specified in line 6 of the output file
listing for the CHEMDAT file; see Appendix J). The component species, lines 81-90, do not have
descriptors because these are species from which all other species are formed by chemical reaction.
(This quickly leads into an arcane discussion of the algorithm used to calculate equilibrium. The
interested user should refer to Smith and Missen (1991), particularly Chapter 6.) The descriptor
values given for noncomponent species, lines 91-101, all have absolute values less than 106, thus
indicating convergence. The remaining species, lines 102-161, all have zero concentration. Most
of these species are solids, and the descriptor is the saturation index, SI=logo(Q/Kgp), an
indication of how saturated the solution is with respect to that solid. A saturation index of 0.0
indicates the solution is exactly saturated. A saturation index less than zero indicates
undersaturation. FMT does not allow solutions to be oversaturated.

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

91.2 Titrate Problem

&

Table 27 explains the printout for a titrate problem using the OUTPUT file generated from "‘%i
executing Np_NaCl_BM_LOG. (It also explains the printout of the OUTPUT file generated from
executing Np_NaCL_BM_LIN and Np_NaCl_BM.) The “Line” column refers to the line

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

Line [ Variable Name Description

1 INFNM INPUT filname

2 - 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 DBASEI, unique data base identification specified on lires 1 and 2 of CHEMDAT file
DBASE?

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

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

17-20 notation of parameters set for {racture/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 information is reproduced in
the OUTPUT file listing provided in Appendix L and is described therein.

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

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

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

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

1125- summary information for addition of DV(10)" to 1 liter of the Erlenmeyer

1227 solution

1228 notation; 11th beaker of Erlenmeyer solution

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

1326 solution

1327 notation; 12th beaker of Erlenmeyer solution

1327- summary information for addition of DV(12)" to 1 liter of the Erlenmeyer

1425 solution

1426 notation; 13th beaker of Erlenmeyer solution

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

1524 solution

1525 notation; 14th beaker of Erlenmeyer solution

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

1623 solution

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

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

1722 solution

1723 | TIFNM TITRATE filename™

1724 | MOFNM MOLES filename™™""

= Summary information for DV(15) in listings for Np_NaCI_BM_LIN.OUT and Np_NaCI_BM.OQUT are from
lines 343-441.

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

**** On line 443 in listings for Np_NaCl_BM_LIN.OUT and Np_NaC]_BM.QUT.
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9.2 FORO038

The batch-generated secondary file FOR088 contains three columns from the “Table of
Concentration for Batch System” in the OUTPUT file. The columns are total species moles,
species name, and species molality with the species reordered as listed in the CHEMDAT file.
FORO88 and the input file INGUESS have the same format, and are designed to facilitate creation
of a specific solution composition. FOR088 can be renamed and used as a template for an
INGUESS file which the user can edit. Table 28 explains the FORO0S88 file generated from a batch
problem. The “Line” column refers to the line numbers listed in BATCH_DOC.FORO088.

Table 28. FORO88 File Description for Batch (See Appendix Q for sample listing.)

Line | Variable Name | Description
1-115 | NMOLES(i) total number of moles for the ith species
NAMES(1) the ith species names
NMOLES()/ the ith species molality, moles per kg H20O (see line 77-161 “Molality” column
NMOLES(1)/ in Table 26 and Appendix M)
MWH20
9.3 TITRATE

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

Table 29 describes a TITRATE file generated by FMT. The “Line” column refers to the line
numbers listed in Np_NaCl_BM_LOG.TITRATE. Np_NaCl_BM_LIN.TITRATE and
Np_NaCl_BM_LIN.TITRATE have similar sample listings in Appendices S and T, respectively.

Table 29. TITRATE File Description (Appendix R)

Line | Variable Name Description

1-3 TITLES9, problem title and CHEMDAT identification

DBASE],
DBASE2

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

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

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

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

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

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

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

ITCONCS(i, 1),
ITCONCS(i1.2)
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11.0 APPENDICES

Note

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

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 Dispiay of BATCH_DOC

Appendix A: Sample Screen Display of BATCH_DOC

See Table 1 for explanation of this screen display.

" Enter chemcat file name

to search on: np_am

v Enter rhomin £ile name to search on: np_am

~Enter input file name {withou: extension): batch_doc
< $(MS-T-LIBIS. library is WPSNONPA_(MSROOT: [FMT)

.. §CHMS-S-LIBSET, library set

i =CMS-I-SUPERSEDE, library list superseded

» Elements ifi CMS Librazy

WPSNCNPA_CMSROQT : [FMT]

" FMT_HMW_NP_AM CHEMDAT "Initial load*

‘! FMT_HMW_NP_RM_F§0 .CHEMDAT ~Initial lcad*

'i Select CHEMDAT name from list above: FMT HMW_NP_AM, CHEMDAT
S Your <MS library list consasts of:

e WRSNONPA_CMSROOT: {FMT']

lements in CMS Library

Select REOMIN name from

WPSNONPA_CHMSROQT : [FMT)

> FMT_HMW_NP,_AM_ RHCMIN *Initial load*

list above: FMT_HMW_NP_AM RHOMDN

I Your CMS library list consists of:
M WESNONPA_CMSROCOT: [FMT]

image name: "FMT_FMT2P0O~
image file identification: "PROD PA96"
image file build identification: "

v link date/time: 21-DEC-199% 11:;36:28.86

' DATABASE:
55.01.31

K linker identificaticn: -All-14*

Entering Subrcutine READDAT

reading chemical species data from CHEMDAT file

IG_EYPASS flag set to nbDG_BYPASS

.FD.TITRATE]BATCH_DOC.in: to illustrarte/document "BATCH® runs
HMWB4 /FWB6; Np (V) -Na-CO3-CH-CLl-ClO4 {NR34);
Am{IIT}-Na-Cl-CO3-S04-P0O4 (FRSRBS. FRFS0, P91, RFFRS92, RFFS4, RRFFI4!

; Accuracy of reacrions is 1.000CE-06
Minimum elemental abundance is 1.0D00E-3}8
K wober of AQueous Species is 50

» Charge Balange replaces

s this is a BATCH problem

Eche of Mole Specifications: nMCLES

CTIVITY COEF. FLAG PITZACT
susing PITZER ACTIVITY COEFFICIENT model

element Oxygen

Exiting Subrcutine READDAT
- Char Flags: FLOW/BATCH/TITRATE BATCH

NUSED

REXACT

' ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH

110.222364000000

55. 1654821000000
0.2000000CC000000
1.0000000C0000000E~002
-0000000009000COE-003
.Ge0000000900000E-004
.110090000000000
.000C000000C0QQ0E-D03
.000000000000000E-004
000003000000 000E+~DQD
. GOGHQQ000R00000RE+Ca0
CC000000LD0000CE+DOD
000000000000000E-007
.0000Q000C000000E+Q00
. 000000000000000E+000
000000000000000E+000
000C0A000000000E+000
000CC0000000000E+000
0000C0000060000E+CQ0
0C0U00000000000E+000
.000000000000000E+000
.000000000000000E+D00
.506053920000000E-017

PP Cr RO 00000 0DHRDOOKRKOHLEBK

g

I
1

Hydrogen
Oxygen
Sodiwn
Potassium
Magriesium
Calcium
Chlorine
Sulfur
Carhan
PosIon
NegIon
Air

Boron
Bromine
TracerEl
TH{TV}
Am{IlI)
umvx)

Np (V)
ClO4~{EL}
FProsphorus
Electron
Charge

T. {MINABU*1 . d-6) moles NaBO2 . KaCl.2H20__ Teepleite_(20_C):
T. {MINABU*1,d-6) moles NaBS08.5H2O_____Sodium Pentaborate;
T, (MDIABU+*1.4-6) moles NaOH{ag) ...... to.titrate.base.only;
T. {MINRBU*1._d-6) moles HCl(ag)....... To.titrate . acid.only:

(MINABU<1.d-6] moles K2B4O7.dH20__ K-Tetraborate_{30,.Cl;:
(MINRBU*1.d-6) moles B4CS{OH)4=

B40O5 (OH) d=;

del&aswitch
delaswitch
del&switch
deliswitch
del&reapt
delireopt

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

¢ %CMS-S-FETCHED, generation 1 of element WPSNONFA_CMSROQT: FMT]FMT_HMW_NP_AM.RHUMIN fecched
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Appendix A: Sample Screen Display of BATCH_DOC

(MINABU*1.d-6) moles XBHE(SO&YT___  ~~ ~~~~ Misenite: delgreopt
(MINABU*1.d-€) moles KBH4{CO3)E.3H20___ K-Sequicarbonate; deliswitch
[MINABU*l d-6) moles BIOCI{OH)4- B303{0K)4-; deliswitch
(MINABU*L . d-6) moles Ca4Cl2(OH)6.13H20__CaOxychloride A; deliswitch

*eeerreeSOLUBILITY PRODUCT VIOLATION®+#++swer=ses
* Mg lOH)2 Brucite =+ 1.00E+0l **

trdateeteeregOl TEILITY PRODUCT VIOLATION®®=e=wiz=ssrs

“I v Mg2C1IOH)3.4H20 MgOxychloride ** 6. 6%E+00 =*+
2 Solubilicy Praduct Violations
. Adding solid Mg(COH:2 Brucite

;prH = -log{m{H+]) = 12.7140

pH = -loglaiH+}] = 12.8532

Toral Diagonal Inversions 85

Total Steichiometric Regptimizations 10 \

“ % SINGLE BATCH EQUILIBRATION COMPLETED

oy
am >,
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

Appendix B: Sample Screen Display of Np_NaCl BM_LOG

{ See Table 3 for explanation of this screen display.

]

" Enter chemdat file name to search on: np_am
7 Entexr rhomin file name to search on: np_am
:Enter jnput file name (without extensionl: np nacl bm_log
< 3CMS-I-LIBIS, library ig WPSNONPA_CMSROOT: [FMT]
+ BCMS-5-LIBSET. library set
-CMS-I-SUPERSEDE, library list superseded

» Elements in CMS Library WPSNONPA_CHMSROOT: [FMT]

‘. FMT_HMW_NP_AM.CHEMDAT "Initial load"

" FMT_HMW_NP_AM_F60,CHEMDAT *Initial load*

"% Select CHEMDAT name freom list above: FMT_HMW_NP_AM.CHEMDAT
"I Your CMS library list consists of:

WPSNONPA_CMSROOT : [FMT)

> BCMS-S-FETCHED, generation 1 of element WPSHONPA_(MSROOT: [FMT)FMT_HMW _NP_AM.CHEMDAT fetched

% Elements in CMS Library WPSNONPA_ _(MSROOT: [FMT!

2% FMT_HMW_NP_AM.RHOMIN “Initial lead*
Select RHOMIN name from list above: FMT_HEMW_NP_AM.RHOMIN
I Your (MS library list consists of:

" WPSNONPA_CMSROOT: [FMT]

.i0 RCHS-5-FETCHED, generation 1 of element WPSNONPA (MSROOT: [FMT]FMT_MMW_NF_AM.RHEOMIN fetched

" image name; °FMT_ FMT2P0*

e image file identification: °PROD PASE-
B image file build ideprification: **
link date/time: 21-DEC-1%95 11:36:28.86
linker ideatification: *All-14"

. Entering Subreutine REARDDAT

C% reading chemical species data from CHEMDAT file

T DG_BYPASS flag ser to nDG_BYPASS

Benchmark TITRATE Problem, LOG10 option: Np(V)02 with CO3 in 5.6lmolal NaCl  FMT V2.0
DATABASE: HMWSA/FWBE: Np(V)-Na-CO3-OH-C1-Cl0o4 (NR94);

95.01.31 Am{III)-Na-~Cl-C23-504-PO4 (FRSR8Y,FRF90, P91, RFFRIZ, RFF34, RRFF94)

41 aoouracy of reactions is 1.0000E-06
¢ . Minimum elemental abundance is 1.0000E-18
£ Number of Aquecus Species is 50

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

~ 5 Exiting Subroutine READDAT
~J Char Flags: FLOW/BATCH/TITRATE TITRATE EXPLICIT
this is & TITRATICN prcblem

"% Character Flags: I1.C. nMOLES NEXACT
74 TEMP is an unused local variable 189000. 100000000

Defining delta({x) as such

DIFFUS Parameter UNUSEDa nDIFFUS

{l CONVEC Parameter UNUSED= CONVEC

{ ' SSDIFF Parameter UNUSED= RSSDIFF
RESTART Parameter Value Read = nRESTART
UNUSED Parameters nPUSHPULL nMULTINT
UNUSED parameter FRAC FLO

TITRATION Froblem:

-) Assigning all delta{y} to 0.1 m

-) Setring # of nodes in Y-directicn to 3
-} Setting NONREACTIVE Porosity to 0.0

/- Char Flags UNUSED UNUSED RHSFDIF LHSFDIF
‘i Char Flags UNUSED UNUSED nMOLES nEXACT

' TEMP is an unused local variable $.99999999399599%E-021
Character Flags: VPOROS FRFLASH VPOROS FRFLASH

-

“/ Specifying VARIABLE POROSITY for TITRATION Problem

“I character Flags: VAR _AQ RHO VAR_AQ RHO FRFLASH

",

ST Agquecus Density is a Function of Composition

Character Flags: J.C. nMOLES nEXACT Str .
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

*Char Flag is UNUSED: NO X DIFF nNC X DIFF
Char Flag is UNUSED: UNIFORM UNIFORM 0

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

el = -logim{H+}] = 11.6199
CIpH = -logietHe)) = 11.7497
SipaH = -log(miHs)) = 5.9141
‘. pH = -log(alH+)] = 5,3205
“7 TITRATION Character Flags
cduml= TITRATE cdum2= LOGLO
First Volume Added = 0.10 mL
Final Velume Added = 10.00 mL
° pmH = -log(miHe)] = 5.9141
IpH = -loglatHs)] 2 5.3205
prH = «log(miH+)] = 6.2386
PH = -log[ai(H+)] = 5.6451
k= -log(mik+}]) = 6.5870
PH = -logla(H+}] = 5.9936
pmH # -log{m(H+}] = 8.5380
pH = -loglatH+}) = 7.9427
pmH = ~log(miH+}] = %.4653
pH = -logiaif+)] = 8.8722
pmH = «log[m{H+)! = 9.8154
PH = -log(a{H+}] = 3.2225
peH & -log(miH+]] = 10,0620
“IpH = -logla(B+)] = 9.4695
Ul pmH = ~log[miH+)] = 10.2640
CipH = -loglalHs)] = 9.6719
Yl pmH = ~log(miH+)! = 10.4406
PH = ~logla{H+)} = 9.8493
poH = -log[miH+) ] = 10.6002
PH = -loglafH+]] = 10.0098
“pmH = -log(mi{H+}] = 10.7468
i pH = -loglallel] = 10.1578
“TlpmH = -log[miH+)] = 16.8825
LripH = -log{ail+)] = 10.2555
-log [m(H+)] = 11.0086
-loglafH+}} = 10.4243
-log(miH+}] = 1l.1257
-loglai{H+)] = 10.5454
pmH = -log(m(H+)] = 11.2341
PH = -logla{H+)} = 10.46594

End of AuwtcTitration Problem
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Appendix C Sample Screen Display of Np_NaCl_BM_LIN

Appendix C: Sample Screen Display of Np_NaCl_BM_LIN

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

See Table 3 for explanation of this screen display. A

NN

o Enter input file name (without excension): np nacl_km lin
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Appendix C Sample Screen Display of Np_NaCl_BM_LIN

" TITRATICH Character Flags

*7 eduml= TITRATE cdum2= LINEAR
Fizst Velume added = 0.10 mL
Final volume Added = 1.40 mk
~logmiR+)] = 5.5141
-logf{a(H+)] = 5.3205
pmH = =log(m{H+}) = 6.2386
" pH = ~logla(He}! = £,6451
L pmH = -log[m(R+)] = §.4116
hopH = -leglalHe)} = 7.8183
ToopmH = -log[miB+)) = 5.5058
‘L pH = -logia(He)] = 8.9167
.pmH = ~log[m{H+}] = 9.7306
. pH = -loglaiH+}] = 9.1877
“pmit = ~log [miH+] ] = 9.9569
»pH = -logfia{H+}] = 9.3641
sprmBE = -log[miH+)] = 10.0747
:pH = -loglalH+)) = 9._4821
“lipoH = -loegim(H+)] = 10,1656
- pH = -log{a{H+}] = 89,5733
TpmE = -log(miKe) ] = 10.2395
PH = -~log{a{H+j] = 2.6473
T pmH = -loglmiBel ) = 10.3015
. pH = -loglal(H+)]) = 9.7095
P = -logimils+)] = 10.3548
pH = -loglalH+}] = 9.7631
= -log[m{He}) = 10.4016
~logl[alH+}] = 58100
prH * -logimid+)] = 14,4431
pH = -log[alH+}] = 9.8517
.poeH = -logim(H+)] * 1p.4804
o< pH = -logla(H+)] = 9.80892
P pmH = -log [miH+) ] = 10,5142
PH = -logla{H+)] = 9.9232

end of puteTitration Problem
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Appendix D Sample Screen Display of Np_NaCl_BM
Appendix D: Sample Screen Display of Np_NaCl_BM

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

| See Table 3 for explanation of this screen display.

.

L Enter input file name (without extensicn!: np_sacl_bm

FMT V2.0 . Y
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Appendix D Sample Screen Display of Np_NaCl_BM

TITRATION Character Flags

cduml= TITRATE cdum?= ASREAD
reading titrant velumes from input file
Firse Volume Added = .10 md
Final Volume Added = 10,00 mL
O pmH = ~Lloglm(H+)} = 5.9141
SO pH = -logla(H+)) = 5,320%
pmE = -log[m(K+)] = 6.2386
pH = -log(a{H+)] = 5.6451
prH = -log(m(H+)] = 6.5870
BH = ~loglaiHe!) = 5.993¢6
poH = ~log{m(H+)] = 6.8286

-log(a(H+)] = 6.2353
-logim{H+1] = 7.2%310
-logla(B+}] = 6.6596

-leglmiHe}] = 8.5359
= 7.9427
= 8.9250
= 8.3317
-loginm(H+)] = 9.1587
-legla(y+)) = B.5E53
Dol = ~log(m{H+)] = 9.3098
TH = -logla(B+1] = 8.7166
P peH = -logimiH+)] = 5.4653
: pH = -loglaiH+)] = §.8722
S pmH = =loglm(H+}] = §.8154
pH = ~logla(H+}] = §.2225
pmH = ~log[m(KE+)] = 10.0620
PH = -logla(H+)] = 9.4€9%
bl = -logim(H+)] = 10,4406
pH = -logla(H~}] = 9.8493
pr = -logimiH+}} = 10.8825
pH = -logla(H+}] = 10.2955
prmil = ~log[m(H+)] = 11.2341
pH = -logla{H+j] = 10 .65%4

I End of AuteTitration Problem
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Appendix E: Sample Input File “BATCH_DOC.IN”

Appendix E: Sample Input File “BATCH_DOC.IN”

|

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

See Table 4 for explanation of this listing.

'CHEMFILE"®

'BATCH', 'UNUSED'

'nMOLES ',

b OO0 C OO CRPROOOKREPERHERFENmDONERE

'nEXACT',
.10222364E+02
.51654821E+01
.00G00C000E-01
.00000000E-02
.00000000E-0Q3
.000000C0E~04
.10000000E-01
.0000COC0E-0C3
.000000C0E-C4
.000000COE+0Q
.00000000E+00
.00000000E+0D
.000000COE-Q7
.000C0000E+00
.00000000E+00
.00000000E+00
.000C0000E+0D
.00000000E+Q0
.00000000E+00
.00000000E+00
.00000C00E+DD
.00000CQO0E+D0
.90605332E-17

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
PosIon
Neglon
Air

Boron
Bromine
TracerEl
Th{IV}
Am(III)
U{vI)

Np (V)
ClO4-~{EL}
Phosphorus
Electron
Charge

runs'
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Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN”

Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN”

See Table 5 for explanation of this listing. -

‘Benchmark TITRATE Problem,

'CHEMFILE'

'"TITRATE', 'EXPLICIT',

'NMOLES', 'nEXACT',
1.11017363E+02 Hydrogen
6.15086815E+01 Oxygen
5.61000000E+00 Sodium
0.00000000E+00 Potassium
0.000000C0E+Q0 Magnesium
C.0CC00000E+00Q Calcium
1.61000000E+00 Chlerine
0.00000000E+C0 Sulfur
2.0C000001E+00 Carbon
0.0D0CO000E+00 PosIon
0.00000000E+CO Neglen
0.000C0000E+D0 Air
0.00000000E+00 Boron
0.000C0000E+00Q Bromine
0.00000000E+00 TracerEl
0.00000000E+00 Th{IV)
0.00000000E+0QC Am(III)
0.000000C0E+QOC U(vI)
0.00000000E+00 Np (V)
G.00000000E+00 Clod- (EL}
0.000000C0E+0D Phosphorus
C.00000000E+00 Electron
-2.220446C05E-15 Charge

'nMOLES® , 'nEXACT',
1.11018363E+02 Hydrogen
1.05508682E+02 Oxygen
1.561200000E+01 Sodium
0.00C000000E+00 Potassium
0.0000C000E+0QD Magnesium
0.00000000E+00 Calcium
5.61100000E+00 Chlorine
0.00000C00E+0Q0 Sulfur
1.0000000CE+01 Carbon
0.000000Q0E+Q0 PosIon
0.000000QCE+0Q0 Neglon
0.00000C00E+00Q Air
0.00C00000E+00 Boren
0.00000000E+00 Bromine
0.00000000E+0C0 TracerEl
0.000C0C00E+O0 Th(IV)
0.00000000E+0CO Am(IIT}
0.000000G00E+GO U(VI}
1.00000C00E+01 Np (V)
0.00000000E+0QQ Cl04~ (EL}
0.00000000E+00 Phosphorus

LOG1G coption; Np(V)0Z with C0O3 in 5.61mclal NaCl-
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Appendix F: Sample Iaput File “Np_NaCl_BM_LOG.IN"

0.00000000E+DD Electron
-2.37316632E-15 Charge
15 2.25@3 0.002540 1.80000145
'nDIFFUS’',
"CONVEC"' ,
'nSSDIFF!,
'NRESTART',
‘nPUSHPULL ', 'nMULTINT ',

20 1 20 'mLOTS' 10
'nTGRAD' 'LINEAR'
'FRAC FLO' 'nTWO PHASE' 'nMASS TR'
3

0.1d0 0.2d40 0.340

1.4-7 0.40 0.1829140 0.280 .40

‘mMOLES' 'nEXACT'

QOO 0000000 COOOO0OO0OOOOCOCU

1.d-12 1.4-20 (fracture, matrix permeabilities)

*VPOROS (NOFLASH or FRFLASH, default is all flash)

-11017364E+02
.55086820E+01
.CO000000E+0D
.0000DO0ODCE+DD
.G0000CO0E+OC
.00C00000E+DD
.0000000CE+00Q
.00000000E+00
.000000C0DE+DD
.0000C000E+CO
.00000000E+QD
.00000000E+00
.0000C000E+CO
.0000G0OC0OE+DD
.0000GCQ00E+CO
.00000000E+D0
.00000000E+00
-G00C0000E+OO
.0G000000E+00
-00000000E+0Q0
.00000C00E+Q0
.00000000E+00
-00000C0O0E+00

'FRFLASH’

'RHSFDIF'

'nDXVARIABLE"

Plain old pure H20

Hydrogen
Oxvyden
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carben
Poslon
NegIon
Air

Boron
Breomine
TracerEl
Pu{III)
Am{III)
U(vI)

Np (V)
€l04-(EL)
Phosphorus
Electron
Charge

'VAR_AQ _RHO' 1074.940

'nNC X DIFF',
‘UNIFORM', O

*TITRATE', 'LOG10",(.1d0,10.40, 'nINJSOLIDS'

'LHSFDIF"®




FMT. Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17. 1995
Page 108

Appendix G: Sample Input File “NP_NaCl_BM_LIN.IN”

Appendix G: Sample Input File “Np_NaCl_BM_LIN.IN”

Note

Lines 2 through 98 in this file (lightened text) sarue as lines 2 throngh 98 in file provided in
Appendix F (NP_NaCl_BM_LOG.IN). ‘

B  See Table 5 for explanation of this listing.

- *Benchmark TITRATE Problem. LINEAR option; Np(V)02 with CO3 in 5.61molal NaCl'
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Appendix G: Sample Input File *NP_NaCl_BM_LIN.IN"

e 'TITRATE'

.1,10, 'nINJSOLIDS'

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

Appendix H: Sample Input File “Np_NaCI_BM.IN”

Note ‘ .

Lines 2 through 98 in this file (lightened text) same as lines 2 through 98 in file provided in
Appendix F (NP_NaCl_ BM_LOG.IN). = '

[ See Table 5 for explanation of this listing. |

- 'Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CO2 in 5.6lmolal NaCl'




WPO # 28119
November 17, 1995
Page 111

FMT, Version 2.0
User’s Manual, Version 1.00

Appendix H: Sample Input File “Np_NaCl_BM.IN"

"
o s T
PR

«» "TITRATE', 'ASREAD',0.140,10.40, 'nINJSOLIDS®
o 0.10000
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Appendix H: Sample Input File “Np_NaCl_BM.IN"

0.14251
.16
.18
.20309
.22

.
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Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

Appendix I: Listing of HMW_NP_AM.CHEMDAT and References Cited in Listing

I.1 Listing

| See Table 23 for explanation of this listing. |

* DATABASE :
¢ '95.01.31

HMWBA/FW86; Np(V)-Na-CO3-OH-Cl-Cl04 (NR94) ;'
Am(I¥1)-Na-Cl1-CO3-504-PO4 (FRSRED,FRFI0,PS1. RFFRY2, RFF34 RRFF54) "

[

123 115 'ANEW T' ‘nECHO' 'nABCD®
200 1.d-6 1.d-18

- 'HONE' 298.15 1.40 1.40

‘nACTCOEF

% 'Hydrogen® ‘Oxygen' 'Sodium' ‘Potassium’ 'Magnesiuwm’ ‘Calcium' 'Chlepine’ “Sulfur’ ‘Carbon' 'PosIon’
‘Neglen® 'Air' ‘'Boron' ‘Bromine' ‘*TracerEl' 'Th{IV)' ‘Am{III}' ‘0U(VI)' "Npi{V)' 'Cl04-(EL)'
g ‘Phosphorus’ 'Electron' ‘Charge’
“*1.0079 15.9994 22.58977 39.0983 24.305 40.0B 15.453 32.06 12.011 0.0 0.0
. 28.8& 10.81 79.904 0.0 232.0381 243.0 238.029 237.0482 8%.4506 30.974 0.0 0.0
4 'R0 WATER' 21 0000 0CCQOO0CO0QOCOQ0C000D00 O 1 -95.6635 gL
© T 'Nas Na+' 00100000000 OD0OCO0CO0D0D0D0 1 1 -105.651 uMwed
RS <3 K+* Q001000000000 C00CO000OD0O0 1 1 -113.957 HMWEd
M o T Cav+’ 0 G OGO L OGO QCCOCOOCQGCOQG0O 2 1 -223.30 HMwE4
L Mges Mg++' 00 0010000000000 00C0QQO00C 2 1 -1B3.468 HMWEBS
U MgOH+ MgOH+' 1 1 001¢0000C0C000QO00DO0CQCGQ0OCO 1 1l -251.94 HMWE4
'H+ H+* 1000000000000 Q000C0000 1 1 0. HMWE4
Cl-* 000 CO0ClOO0CODOQODOOOOC O =1 1 -52.855 HMWB4
504=' 0 4000002000000 0C000Q00CD00 -2 1 -300.386 HMWB4
HSO4d-- 1400000200000 Q0D0DOQOCDOCGO -1 1 -304.942 HMWE4
OH-' 11000000000 00C00DDO00QRDO0O00 -1 1 -63.433 HMWB4
HOO3-* 130000001000 000000C0000C0 -1 1 -236.7351 HMWB4
Co3=" 03 000000200000 0ODDO0DDOCDCO -2 1 -212.944 HMWEB4
‘G022 {ag) COZiag)' 0200000010000 00000000C0 0 1 -155.68 HMWE4
*Caco3 fag) CaCO3{aq) 03 0001001000000 000C0C0 O 1 -443.5 HMWB4
1 'Mgt03{aq) MgCO3iag)' 03 0010001000000Q00000C0 O 1l -403.153 HMWB4
z
=7 "B{OH) 3 (ag) B{OH)A{ag)' 330000000000CG100C00CO0CO0 O 1 -380.81 FWBé
L - 'BIQH) 4~ B(OHI4-' 4 40 00C00000C1l0O0C0000C0C0C0C -1 1 -465.20 FW86
: BIO3(CHI4-- 4700000000003 000000002290 -1 1 -963.77 FWB6
BAOS{QH)4=' 4 9000000000 0C4&0000C0G00CD0 -2 1 -3239.1¢0 FWBE
CaB(CH)4+' 4 40001000C0010Q200000C0C00 1 1l -692.30 FW8E
MgBlOH)4+' 4 4002 POQODCOOl1ODODOOODDD 1 1 -651.89 FWaE
Br-' 0 0000000000002 0000G0600020 -1 1 -999.5% arkbitrary
perchlorate Clo¢- 0000 C 000000000000 CGO300-1 1 -899.99 arbitrary
47 'NaOH(agl...... to.titrate.base.enly’ 11100 00C000C0C000C000C0000 O 1 500, arbitrary
£ 'HCl(ag).......t0.titrate,acid.enly’ 1 00000 1000000000000 0C0 O 1 500. arhitrary
4 *HCLO4 (ag) . .to.titrate.acid.only' 2 00000 Q000C00Q0000C010C O 1l 50C. arbitrary
CtPOSION. . ...l POSITIVE.ION' 0 Q QO OCOCOO100COQO00QO0COQRAOCC0CO0O L 1 0. arbitrary
'NeglIon... L.ONEGATIVE.ION- 00000 00000100000 C0DDOQC0 -1 1 0. arbitrary
*PosIcn{OH) iag) . to.titrate.base' 1100 000003100C0000C00000 0 1 So00b. arbitrary
HNegIon(ag)...-.... to.bitrate.acid' 1 00 Q0 0D CODO0Q1QQ00Q0DQOCDCDR O 1 500. arbitrary
Tracer{ag) .. conservative.tracex' 0 QG0 0000 0CO0CO00DAIOO00COCO0 O 1 O arbicrary
'HIPO4 (aq) mIPOd{ag)* ¥4 00000000000 BO0DOCO10 O 1 -460,90 RFF32
'H2PO4 - H2P4-' 24 00000000000 CQ0Q0Q00CDO01C =1 1 -455.96 RFF32
'HPQ4 = HPO4=' 14 00C0O0CO000CO0CO0CQOO0CDD00C1C0C -2 1 -439.367 RFF94
"PQd=- Po4=-' 04 00 O0DODDDDOCCODCODOCOD00C10 -3 1 -410.947 RFF%4
"NpOZ+ NpO2+' 02000000000 CO0CCOCO0Y0C00C 1 1 -369.127 NER94
‘NpOZOH (ag) NpQO2CH{ag}' 131000000CO00CCOQCDDO020C00 O 1 -438.518 N&R94
TRpOZ (OH) 2- NpO2(OH)2-' 2 400 00000C000G00DCO0001000-1 1 -505.82% R&RI4
‘NpO2C03- NpO2CO3-- 05000000 10000000001000-1 1 -594.492 NuR34
*Np0O2 (CO312=- NpOZ2(COIj2=-- 0B CO0O00C02000000CD0C1000-3 1 -808.403 KLRS4
'NpO2 (C03) 3==~ NpO2(C03)3==-' 011 0900 00DD20000CDCO01000-5 1-1019.914 N&R%4
* BIne++ A+t 0D OO000QO0OD0DO0CCGCO00QO0OOC1ILOCCO0OC 3 1 -241.€94 FRF20
ACO3+' D3 O0O0QOO0CDO010CDOC0CO0DIQQOROOD 1 1 -472.060 FRF90
AMICOMIZ-' 06000 0CO0C200C000CO0100000 -1 1 -695, 880 FRFI0
*AmR(CO3)3=- AM{CO3)3=-' 0900 0000Q300CO000D3IODDOCOO0 -3 1 -915.460 FRFIQ
*Am{OH) 2+ AmM{OH}2+' 2 2 090000000000 0D0D0100000 1 1 -393.8647 RFFR92
‘Am{OH}3 {ag) AM{OHI3lag)' 32 00000000000 0DQOQLTO0COD0 O 1 -462.950 RFFRS2
Tt The s Th++++' 0 000 0€C00C000QQ0C100C0CO000C 4 1 -9%9.99 arbitrary
TR ViVIiO2«+' 02 00C Q000000000 CQO0OO0C1O0CCO0 2 1 -99%.99 arbitrary
4 'NpOZOH{aged} NpOZ0H{aged)' 1 3 Q00 CO00OO0CCOO0O00O0COQOCLOOD0O O 2 ~454.010 N&RI4
7. '"NpOZOH{amer} NpO2CH{amor)* 1 3 Q00000000000 0C0D010C0 0 2 -452.642 N&RI4
Tz 'NaNpO2C02 (8) NaNpORCQ3fs)* DS 1000001000000 C001000 O 2 -713.707 N&RS4
7" *Na3NpO2(CO3)2(s)_DISABLED DISABLED' 0 8 3 Q0000200000000 02000 0 2 599.99 arbitrary

.
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*AMOHCC3 (c) AMOHCO3(c)' 1 4 0000001 00Q0C0O0C1LO00DDCOCD O 2 ~569.980 FRF30
'AmM(OK)3(s] Am(ORI3(st* 23000000000 D0O0DRL1DDODOD O 2 -€82.294 FRSR89
"Nahm(CO3)2.6H201c)_________ '1212310000C020000000CG102000Q00 0 2 -1396.494 RRFF394
r 'AmMPO4ic) . AMPO4{c) 04 000C0Q00CQ0Q0D00CO0Q1I00010 C 2 -70%.750 RFFo4
‘CasS0d Anhydrite® 0 400010100000 00000000D0DC 2 -533.73 HMWE4
% 'NaK3{S04)2_ Aphthitalice/Glaserite: 0 E 13 000200000 CQ0000000C00 2 -1057.05 HMWE4
caclz. 6120 Antapcticite' 12 600012000000000000 0000 2 -893.65 ze
Avagonite’ 0 30 O0010C100000000C000O00C 2 -455.17 84
Arcanite* ¢ £ 020001000000 000000000 2 +532.39 sl
Bischofite® 12 6001020000 000000000000 2 -B53.1 HMWE 4
‘NaZMg(SQ4)2. 4820~ Bloedite: £ 12201 00200060000 00000000 2 -1383.6 HMWE4Q
"Mg{0H)2 Brucite: 2 2001 00000C000D0000000C08D0 2 -335.4 HMWE4
‘Na6CO3(S04)2_ . Purkeiter D 11 §000021006000600000000C0 2 -1049.4 HMWS4
“7 'CaCco3 Calcite' 0 3000100100000000000000 2 -455.6 HMWE4
v CaClZ . 4K20 CaCl2_Tetrahydrite' 8 4 0001200000000 00000000 2 -698.7 HMWS4
D CadCl2{OH)6 . 13H20 _CaOxychleride A' 32 13 0 0 0 42000000 C00Q00000000 2 -2658.45 HMWE4{
‘Ca2ClZ2{OHI2.K20____Calxychioride B 4 2600 2280000000000 00000 2-778.82 aedg
'KMgCld, 6H20 Carmallite' 12 6011903000000 0000000000 2 -1020.3 HMWE 4
"HMg504 . TH2Q Epsomite’ 14 11 0 01 0010000000000 00CG040 2 -1157.E3 HMWE4Q
“CaNa2 (C0212.5K20, Gaylussite' 10 11 20021 0020000000000 00C00 2 -1360.5 HMWE4
‘Nazca (50412 Glauberite: 0 8200102006000 00000Q000C0CO0 2 -1047 45 HMW34
'Casod . 2H0 Cypsum' 4 600010100000 00000000C0C0 2 -725.56 HMWB4
‘Nacl Halite' 0 01 00Q1000CQ00C000D0O00C0O00 2 -154.99 HMWE4
"MgS04 . 6H20, Hexahydrite® 12 10 0 0 1 0010060600 C000CODCOQO0CD0 2-1061.60 HMWS{
'KMgClS04 . 3K20, Kainite' 6 7011011000000 0000000000 2 -838.2 HMWBL
*KHECO3 Kaliciniter 1 3 01000010000 0Q0000C00D00 2 -350.06 HMWB 4
*MgSO4 .HC Kieserite* 2 5001 0010C000000600000C00¢ 2 -579_B0 HMWEE
*K2Mg (S04)2.4H20 leonire 8 12 02100200000C000000G6G0C0 2 -1403.97 HMWE 4
"NadCa(S04)3 . 2KH20 Labyile Salt’ ¢ 14 40010300000C000000O000Q 2 -1751.45 HMWE]
Mgla3 Magnesite' 0 3 00100010000C0D000000C000 2 -4314.45 HMWS4q
‘HMg2CL{0H)3 4H20,. . MgOxychloride' 11 700201000000 CQC000COQO00D0C0C 2 -1029.6 HMW8 4
'KHS04 Mercallite: 1 4010001006000 C0000000000 2 -417.57 HMWEY
‘NaZS504 , 10HIO Mirabilite' 20 14 2000020200800 0000000 C0C0Q 2 -I471.15 FMWEL
"KBHE (S04} 7, Miggnite* €28 0B C0D700000000D00CO00CCGQO 2 -3039.24 HMWEq
*NaBCO3 Nahcolite' 1 3 1000001000000 0D00000C0CO0 2 -343.33 HMWE 4
‘Na2C03 . 10H20, Natron® 20 13 2 0 00 CD1I0Q0000DQ0O0DODDO0O0CDO0 2 -1382.78 HMWE4
'MgC03 . 3H20 Kesquehonite' & 6001000100000 0800000000C0 2 -695.3 HMWB4
'K2Mg {SO4)2,6H20 Picromerites/Schoen' 12 14 021 0020000000000 00000 2 -1586.1 HMWS4
‘Na2Ca{C0312.2H20 Pirssonite' 4 820010020 00000000CQ0000CD0 2 -1073.2 HMWE4
*K2MgCa2 (S04} 4. 2H20, Polyhalite' 4 1802 1204000000000 CQOO0COQO0C 2 -32282.5 HMWEY
“Ca(OHIZ, Portlandite' 2 2p 00l pO0lOOCODDOOCDDOCROOD 2 -362.12 HMWE4
'K2C03.3/2H20___Potassium Carbonate® 3 4.502 0000100000 000000000 2 -577.37 HMWEa
‘KBE4 (CO316.3H20__ K-Sequicarhonate’ 1021 08 Cc0006000C00000D00Q00 2 -2555.4 HMWE 4
“KNaCQ3 . H20 K-Na-Carbonate* 12 911 ¢00G100C00CC0000000QCO 2 -1006.8 HMWB4
*KZHaH(CO3)2,2H20,__Potassyum Trona' 5 B 120000200000000800000 2 -971.74 HMWES
“K3IH{504}2__Sesquipctassiur Sulfate 1 B¢ 3000200000000 g0o0oCc0D00D 2 -950.8 HMWE4
‘MalH{S04)2___ Sesquisodium Sulfate' 1 B3 00002000402 00000C00000 2-%19.5 HMWSE4
'NazC03 . TH2C, NaJCO3-Heptahydrate' 14 10 2 0 00001 00000000000 000C 2 -1094.95 HMWNS4
‘Kl Syivite' 0 GQ10D1DOOBOO0O0RORPODODOD 2 -164.84 HMA4
'K2Ca504) 2 K20 Syngenite* 2 9 02010200000000000000C0 2 -1184.8 HMWE ]
‘Mg2CACLS.12H20_____ Tachyhydrite: 24 12 00216 C0DCO00000C 00000 2 -20159 HMWB4
‘Na2so4 Thenardite' 0 £ 2000010000 0C0CO00CDODO0CD 2 -512.35 HMWE4
‘Na2CO3.H25_ _ Thermonatpiter 2 4 2000001000000 00CDDEDOO0OO0 2-518.8 HMWBQ
‘Na3K(CO312.2H20 Trona' 5 B3 000C020000000000C000 2 -960.38 HMWI4
"Na2B407.10H20 Borax' 2017 20000000 0040000000000 2 -2224.16 FWB6
"B{OH)3 Borix_Acid Selid* 2 3 0000CO8O0DODO0O10000GD000CO 2 -390.88 FWBE
“KB508 . 4H2Q, K-Pentaborare (30 C)° 812021000 00D00S50000000000 2 -1770.26 FWBE
'H2B407 .4H20__ K-Terraborate_{30_ C)' 2811 02000000004 000C0D00000 2 -1663.47 FWBS
‘NaBO2 . 4H2O, Sodium Metaborate' € §1 0000000001000 00CO0C00 2-761.42 FWE6
'NaB508 . SH20 Sodium Pentaborate' 10 12 1 00 C 00002 0CS5000C00C00D00 2-1854.80 FwW86
'NaBO2 .RaCl,2K20__Teepleite (20.C)° 4 4200010000010000000000 2 -725.97 FWEG

4% ‘nDG_BYPASS* O

‘Y *PITZACT' .

13 #Cat Na,K,Ca.Mg MgOH, H, MgB{OH)&+, CaB{OH) &+, Am+++ RINCO3+, The+++ UOZ++, NpO2+

20 #Ani Cl,S04,RS504,0H,HCO1,CO3,EB{0H}4,B303 (OH}4,B40OS{OH}4,Br . Ami{CO3 12+, Am{CO3 ) 3=+ ,C104 -, NpO2 (OH} 2~, NpC, Np<22, NpCd, H2P04  KPO4 ., PO4
& #Neu C02,CaC03.HMgCO3, BI(QH)3, HIPO4

1 .0765 2644 .0 .00127  Na+ Ci- WS4 (betad, beral, beta2. cphi)

1 .01958  1.113 .0 00497  Na+ 504= HMAS4

1 .045¢ 398 .0 .0 Na+ HSO4- HawEd

1 .0864 .253 0 .004&  Na+ OH- HMAB4

1 .0277 0421 £ 0 Na+ HOO3- ML

1 .0393 1.389 .0 ,0044 Ma+ COI= mesd

1 -.0427 .083 -0 .0114  Na+ B(CH)4- FWEE

1 -.056 -.910 .0 .0 Na+ B303{0H)4-  FW86 P
1-.11 -.40 .0 .0 Ma+ B40S (OH) &=  FW86 J
1 .0 .0 .0 .0 Na+ Br- ;

1 .0 -§.37 .0 .0 Na+ Am(CO3)2- RRFFS4

1-.94 8.1 .0 ,418 Na+ Am(CO3)3=- RRFF94, FRF90
1 .0554 2785 .0 -.0011B  Na+ Clo4- 231 ,
1 .o .0 .0 .0 Na+ NpOZ{OH}Z-  NR94

1 .161 0 N .0 Na+ NpO2003- NR94

1 .407 o .0 .0 Ma+ NpO2(CO3)23- NR94

1 1.97 16 .6 .0 Na+ NpO2(CO3)3==- NR94

1 -.0533 0396 .6 .00795  Na+ HZPO4- P51

1 -.0583 1.466 N:! L0294 Ha+ HPO4= rol

1 .1781 3,851 .c -.05154  Nas PO4«- 91
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1 .Q4g83% L2122 0 ~-.00084 K+ Cl- HMWB 4
1 ,04995 -k} o -Q K+ 504= HMWE4
1 -.0003 L1738 0 -0 K+ HSO4- HMWE 4
1 1298 .320 ] 0041 K+ OH- HMWB 4
1 .0236 -.01) o -.008 K+ HOO3I- HMARL
1 .1488 1.43 o} -.0015 K+ CO3= HMWB4
1 .p35 L14 0 .0 K+ B{OH)4- FWgé
1-.13 .0 [ .0 K+ B303{OH)4- PWBE
1 -.022 .0 .0 . K+ B4OS{OH) 4= FWEs
i .o D .o .0 K+ Br~
1 .0 @ o .0 K+ Am{CO3)2-
1l .0 L0 4] .0 K+ Am({CO3}3=-
1 .0 .0 <} .0 K+ Cl04-
100 N | .0 K+ NpQ2{OH)2-
1 .0 0 o -0 K+ NpQ2CO03-
1 .o .0 4] .0 X+ NpQ2{C03)2=-
1.0 .0 a -0 K+ NpO2 (CO33==-
1 -.0678 -, 1042 0 .0 K+ HZPOd- P51
1 .0248 1.274 0 .0l64 Ke HPO4= P9l
1 .3729 3,972 0 -.08680 K+ PO4=- P51
1 3158 1.614 .0 -.00034 Ca++ Cl- FMwWs4
2 .20 31,1973 -54.24 .0 Cars 504= HMWB4
1 .2145 2.53 .0 .0 Cas++ HS0L- KMWBA
1 -.1747 -.2303  -5.72 .0 Ca++ OH- HMWEL
1 .4 2.977 .0 .0 Ca++ HCO3- HMWE 4
2 .0 N .0 0 Cas++ CO3= HMWES
1.0 .0 .0 N Ca++ B{CH)d~ FWEE
1 .0 .0 .a .0 Ca++ B303(CHI4-  FWBE
1 .0 .0 0 .0 Ca++ BAOS(CHId=  FWB6
1.0 .0 .Q .g Ca++ Br-
1 .0 .0 .0 .0 Cass AM(COI) 2~
I .0 .0 .0 .9 Ca++ Am{C0O3) 3=~
1451 1.756 .0 -.00500 Ca++ ClOd~ P51
1 .0 .0 .0 .0 Ca++ NpO2 (OH)2Z-
1.0 .0 .0 .4 Ca++ NpD2CO3-
3 .o .0 -0 .0 Ca++ NpO2(CC312=~
ERNN .0 .0 .0 Ca++ NpO2(C03) 3=~
1 .0 .a -0 .0 Ca++ H2PO&-
z .0 .0 . .0 Ca++ HPOG=
A .0 . . .0 Ca++ PO4=-
1 .35235 1.6815 .c 00519  Mg++ Cl- W84
2 2210 3.343  -37.23  .025 Mg++ SOd= HMWB 4
1 . 474E 1.729 ¢ .0 Mg++ HSCA- HMWB4
1 .0 .0 .€ .0 Mg++ OH- HMWBY
1 .325 6072 .C .0 Mg++ HCOO3- HMWB 4
2 .0 ] .G .0 Mg+ CO3= HMWR4
1 .0 .o Nl .0 Mg++ B{OK)4- FWB6
1 .0 .0 .0 .0 My++ B303{0H)4- FWgt
1 .0 0 .0 .0 Mgres BAOS (OH) 4=  FW86
l .0 .0 .0 .0 Mg++ Br-
h ) <} .0 .0 Mg++ Am{CO3}2~
3 .0 a o .0 Mg++ Am(CO3)3=-
1 .4961 2.008 0 L008578 Mgws CLlO4- Psl
1.t .0 0 .0 Mg++ WPOZ (OH)2-
1 .0 .o .0 9 Hge+ NPOCQ3-
3 .0 N .0 .0 Mg++ NpO2(CC3 2=~
3 .0 .0 .0 .0 Mg++ NpO2{CO3) 3==-
1 .0 .0 .0 .0 Mg++ H2PO4-
A .Q .Q .0 Mg++ HPO4=
2 .0 .0 .0 .0 Mg++ PO=~
1-~.10 1.658 .0 N MyOH+ Cl- HMWB4
1 .o .0 .o .e MQOH+ S04= HMWE 4
1.0 .0 .0 .0 MgOH+ HSD4- WA
1 .0 0 .0 .0 MgOH+ DH- HMWEY
1 .0 9 .0 .0 MgOH+ HCCI- HMWEZ
T .0 .0 .0 .0 MgOH+ CQl= HMWB4
1 .0 .0 .Q .0 MgOH+ B(OH}4-
1 ¢ ] .0 .0 MgOH+ B3IO3 (CH)4-
1 .0 .0 .0 .0 MgOH+ B405(CH) 4=
1 . .0 .0 .0 Mg+ Br-
1 .0 .0 .0 .0 MgOH+ Am(CO3)12-
1 .0 -0 .0 D M@OE+ Am{C03)3=-
. .0 .0 N MgOH+ ClOd-
i .0 .0 N .0 MgOH+ NpO2 (CH) 2-
1 .0 .0 .0 .0 MgOH+ NpO2C03-
1 .0 .0 .0 .0 MgOH+ NpO2(C03)2=-
1.0 ) R .0 MgOM+ NpO2 (CA3)13==-
1 .0 .0 .0 N MgOH+ H2POA-
1 .0 -0 .o .0 MgOH+ HPOA=
1 .0 .0 .0 .a HgOH+ PO4=-
1 .1775 .2945 .0 0008 H+ Cl1- HAMWE4
1 0z98 0 .0 .0438 H+ S04= HMWE4
1 .2065 .5558 .0 [ He H504- EMWB4
1 .0 c .0 .0 H+ OH~- HMWB4
1 .0 0 .0 .0 H+ HOO3- HMWB S
1 .0 [ 3 9 H+ CO3= HMWB4
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<
¥

B{OH)4- FW8&
H+ BlO3(OH)4- FWEe
H+ B4OS(OH) 4= FW86
H+ Br-
H+ Am{CO3)2-
H+ Am{CO3)}3==

0819 H+ Cl04- P91

NpOZX (CH) 2-

H+ NpOZCC3-

H+ NpOZ(CO3)2=+-

H+ NpO2(CO3)3=z-

H+ H2PO4-

He+ HPO4=

Hs PO4=-

e e S S =
coooLorhoocees
-

i}
ocoobcooooONODODOOGOG
w
v
H
CoDO0ODOoOO0DO000O00Oa0
cPooocooopooooo
k3
+

MgBIOH) 4+ Cl- HMWE4
PBIGH) 4+ 504= HMWE4
MgB{CH) 4+ HSC4~  HMWBL
MgE{OH) 4+ OH- HMB
MgBIOH14+ HCO3~  HMWBY
MgBIOH 4+ CO3= HMWEY
HgB(QHI4+ BICH)4-
MgB(QH) 4+ BIO3 (OHI4-
¥gBOH) 4+ B40S {OH) 4=
MgB (OH) 4+ Br-
MgBIOH} 4+ Am(C03)2-
MgB(OH} 4+ AM{C03}3=-
MgB (OH) 4+ ClO4-
MgB{OH}4+ Npl2(OH)2-
MgB (OH) 4+ NpD2C03-

MgB (DK) 4+ NpO2(C0O3)2=-
MgB (OH) 4+ NpO2(CO3)I==r
MgB(OH) 4+ H2PO4-

MgB (OH) 4+ HPO4=

MgB [OH} 4+ PO4=-

o

R - - )
CY 00U N0OPTCDOO000 0D
N o - - )

LR N Nl il ol T R T R,
R - - Y- - -

CaB(OH} 4+ Cl-

CaB(0H) 4+ S504= HMvE4
CaB{OH) 4+ H504- HMWE4
CaB(OH) 4+ OH- HMWB4
CaB(DH)4+ HCO3- HMWE4
CaB(QH) 4+ CO3= HMWE4
CaB{oR}d+ FI08) 4~
CaB{0H) 4+ B303 (OH)4-
CaB(0OH) 4+ B40S{OH) 4=
CaB{OH}4+ Br-

CaBIOH) 4+ Am{CO3)2-
CaB(OH) 4+ AmICO3)3=-
CaB{CH) 4+ Cl04-
Cas{0H} 4+ NpO2 (OH) 2-
CaB QK4+ NpO2CO3-
CaB{OH) 4+ NpO2{C0O3)2=-
CeB{OH) 4+ NpOZ{C03)l==-
CaB{OH} 4+ HZPO4-

CaB (QH) 4+ HPOd=

CaB [OgH) 4+ PO4=-

1N

[ S T T T
R N - - - - - )
CoOpDCooODOCCOLOOGDOBOAB
DopboooDODOODRoOboDoBOGO

coooocomowoOboboGaDOODa

03 -g -0.0284 Aaeds Cle FRSRES
-2500 Am++s S04 RFFS54

Amr+e+ HSOG-

Am+++ OH- ’

Patvess HOO3 -
¢ Am++s CO3n

Alrer++ B{OH} 4-

Amr+++ BIC3 (OH) -

Ame++ BAOS{OH) 4=

Amr++4 Br-

Am+++ AM(CO3)2-

Amtas pm(CO3)3e-

Amress ClO4- FE¥FS0
Am+++ HpD2 [OH) 2-

Am+++ NpO2C0I- .
Amew+ NpO2{C02)2=- T
Amrer+ NpOZ{CO3) 3me-

Amsws HIPOL- RFF34

Ame+s HPO=

Am+++ POd=-

CopbomnonocooOOoDODOO

)
wm
w
t
=]
ogncneogaocn'aoooooo
3
m

T R T A TR TR TR T Ty
'
2
~

GO DO MDOTDODOODO
CopDOoOCOLWLWOOO00OCOBORO N

AMCD3+ Cl-
AmID3+ 504=
AmCTO3+ HSO4A-
AmCO3+ OH-
AmMCO3+ HCO3-
AmCO3+ CO3=
AmMCC3+ BIOH)4-
AmCOX+ BIOJI(CH) G-
AmCO3+ B4OS(OH)I4=
AmCC3+ Br-
AMCO3+ Am{CQ3)2-
ARCEY+ Aa(C03))=-

Copooocooooow

sbocooooooooo

Lo N S S R o T
cobcoboocoDOCODO
CooooooooODO
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AC03+ Cl04-

AmCO3+ NpOZ({OH)2-
ANCG3s MpO2003-
AmCOl+ NpOZ(CO3)2=-
AmCO3+ NpO2 (CO3) 3==-
AMCO3+ HZBO4-
AmCO3+ HPOL=

AmCC3 + ==

cuococoaoo

L Sl e N
moocoooa
nocoboOGooD
nocoDOoODaoo

Thesss+ Cl-

Th+s++s S04=

Thes++ HSO4-
Thess+ OH-

Thesss HEOI-
Th+e++ C03=

The+++ B(OH) 4~
Th+svs BIOI(OH)4-
Thes++ BLOSIOH)4=
Th++++ Br-

Th++4 AmM(CO3)2-
Th++++ Aa(CO3)3=—
The+++ CL04=
The+++ NpOZ (OK)2-
The+er NpO2C03-
Thes++ NpO2 (C03) 2a-
Tha+++ NpO2(CC3) 3=x=-
Th++++ H2PO4~
The++++ HPO4=
Thew++ POd=-

CDROOoOOOLOGoODoBooBOO
COO0D0OOOPRDLOOOOPDDDOO

[ T e T S T O TN
R R
DDCO0BOOCDADODOOBO DO

UO2++ Cl- P9l
-.0176& UO2++ SO4= POl
-0 U02++ HS04~

U024+ QH-

VO2++ HCO3-

TO2+4+ CO3x

UO2++ BIOH) 4-

UOZ++ B303 (OH)4d-

UD2++ B4OS(OH) 4=

UO2++ Br-

UGZ++ AM{CO3)2-

UG2++ AmiCO3)3=-
2168 UOd++ C1O4- P9l
UC2++ NpO2{OH}2-
UC2++ NpPO2CO3-
UO2++ NpO2 (CO3}2=-
UO2++ NpQ2(CO)3===
UO2++ HZPO4-
UO2++ HPO4=
VO2es PO4=-

1
o
[
Ll
@
@™

L4274 1.644
.322 1.827

coocoooooo

I
-
[
~

I
a
cPooooooOoCboOOCOBOOO

R P b R W R RN R e R
CoODOCOODMOOBOODO® O
covoooorOOOODRDOG

coboooo

o
-
o
w

HpO2+ Cl- NR94
NpOZ+ SOa=

RpO2+ HSO4-

NpQ2+ OH-~

NpQ2+ HCCI-

NpD2+ CO3=

NpOz+ B{OH)4-

NpG2+ B3I03 (OH)4-

NpO2+ B40S5 (OH) 4=

NpO2+ Br-

NpG2+ Am(C03)12~

NpO2+ Am{CO3)3=-

NpO2+ Cl04- NRY94
NpOZ+ NpQ2 (OH)2-

Np02+ NpO2003-

NpO2Z+ NpO2 (C03) 2=-

NpO2+ NpO2 (CC3 ) I==-
NpQO2+ H2Pod-

NpO2+ HPOd=

NpO2+ PO4=-

P - - B
cCoLConoocODODOOCOODD OO

o
[
H
[N

CODCDCOODOCOVOCADOD O G
CoDOCbbpLPbDOOBDLOORODDEO

coocoooo.

I R el T Tl TN T eyt

|

0. Na: (cations

K: {cations
0. Ca: (cations
Mg: (cations
MgOH: {cations
H - (cations
¥gB(CR) 4: (cations thru 13)
CaB(OH) 4: (cations thru 13)
Are++ 2 (cationg 10 thru 11)
AmCD3+: (cations 11 thru 13)
The+es: (cations 12 thru 13)
U024+ : {cations 13 thru 13)

thru 13)
thru 13}
thru 12)
thru 13)
thru 133
shru 13y

-.012
.032
.007

.87 a. -036
0. .00s
.hg2

(=N~
(==

& .
(= = = I - i -]
oooo

Peeposoboong
gpoeose
ceseooe
sooecoo
eeepooo
epoope
WA BN

0DO0COoO0CO0O00

.02 -.006 -.050 ,p3 -.02 -.065 .12 074 D D. D
Q. -.013 o1 .02 -.012 .10 .12 ©. 0. 0. 0.
0. 0. G. 0. a. 0. 0. 6. G 0.0

R A R O a5 2 faniens 2-20)
0. 0. 504 {anions 3-20)
0 REO4 : {anions 4-20)

aoco
o oo
(== )
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5555500005000 080
SEgaNaenaganaNgn
VO WAROoO ANMmSs VIO 000
R I R e e I B I ]
Vi vyl
E5E6EE56556556656668
.L.I‘Z‘J‘l A Ay o oA A A A
§59994983495895839885%
-
..k
T 1
- 1 n [ I
-~ N M oo
<88 mn:mmmwﬂa
. =88 ;880
cfg8ag, BoagduaRs
OKCBBBBMMC N."MH
°
&
S oo
doco
.&00.0.00
AU.HV0.0000

[+
[}
o
0.
a.
L]
]
]
0

cooococoocoo
cococoODOOAC
r
@
o CO0000D0OCT000
'
=1
o -ococoocoOoCOOG
1
=)
~

COCOODGOOOOGOaO0

,0OC000oa

4]
¢
[
0.
G.
0
2]
0

L3t

a0 000Q0 Na-K:20anions
o000 000D

K

0

.o -.003 802 .0 .0 .0

¢

=]
-
a
]
w
-
o
o
]

Na-Ca:

0000000 NaMg:

~.012 - 015

0000000 Na-MgOH:

.0000000 Na-H:

.0

.0 -.012%

~.004

00300000 Na-MgBIOH 4«
6000000 Na-CaBiOH 4+

0000000 Na-Ame++

N Q0000 Na-AmCCI+
.00 0000 QC Na-Theets
WO G000 00 Na-DO2+sr
0000000 Na-NpD2++

. .0 .0

.0

.0

000000 D X -fa:
000000 K -Mg:

N4

=]

.0

-.048

™~

End

[=]
]

L0000 0D K -MgOH:

Qo000 9%0 K-H:
.Lop0OQ0ODO

W2

.0

J1%7 -.0265

-.011

K -MgB(OH}d+

0000000 K -CaB(OH}d»

000000

K —Am+++

0D Q0000 XK -AnCOd+

0000900 K -Theess

0600000 K -U2es
0000000 K -NpO2e+

.a

.o .0

D

.0

0000000 Ca-Mg:

.0

.0

-.012 024

0000000 Ca-MgOH:

.0DO0C00C0C Ca-H :
6000000 Ca-MgBIOH)

.00 00000 Ca-CaB(OH)4+
.00 D0C 000 Ca-Ame++

00000 C0 Ca-AmIOd+

QG000 0 Ca-Th+err

QMO0 00D0 O Ca-UD2er
L0000 0DD0 Ca-NpO2++

.Q

.9

0000000 Mg-MOH:

0000000 Mg-E :

.0

028 L0
-.011

.0

.0 -.0178

0000000 Mg-MgBICHI«
.00 DOC 00 Mg-CAaB[OH}q+
0000 0CO Mg-hmess
L0009 000 Mg-AmCO3+
000000 My-Theses

G000 000 MgUOZer

0000000 Mg-NpOZes

00D 000DG0 wMgOH-H :

.0

+ 4+
il
58
-]

23
MH
88
(==
oo
(=1 =]
<O
oo
oo
=<

;
|
o
(=]
o
o
o
o
2

o
moF o4
§id
b3
B34
coo
oo
coa
S aa
ocao
Qoo
eee

.0

+

pi
g
F
m_
a
o
o
=]
(=}
=}
o

.0

0000000 H-MGB(OH) 4+
0 DO0O0CO0O0O0 H-CaB(OH}&+

Q000000 H-Ames+
L0080 82 0D H-AMCDI+

VI <+ I

.9

H-The+++

0000000 H-TQ2+v
0000000 E-NpO++

.0

0000000 MgBIOHI4=-CaB{OH} 4+
0000000 MGB{OH}Id-Amrss
D CDHOD OO0 MgBIOR) 4-AmOO3+
0000000 MGB(OHI4-Thesss

L0D0CDO0G 0 MgB{OKI4~-UO2++
0 000CDOD 0 MGB(OH}4-NpO2+s

.0

.4

0000000 CaBlGH)é-Amess
,00CD00D00 CabB{OH 4-AmC03+

0000000 CaB{OHI4-Th+s+s

.0

.0
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0000000 CaBIORI4-UD2+s
0000000 CaBl{OH)4-NpO2++

N
.0

0000000 Amess-AmCO3I+
0000000 Amess-Thesss
Q000000 Amse-U02++
0000000 Amess-NDO2+s

.0

.0

AMCO3 «—Thewss

.LoetooeCo0

.0

L0 00000 ANCOI+-UD2--
0000000 AMCOI+-NpOZes

.e

WD 000000 Thews+s-UdZss
0000000 Thesss-NpoZes

0
.0

0000000 UOZrs-NpOZ+w

-0

:(Na.K,Ca. Mg,

.0 C1-504

.0

.0
g

.0 -.018 -.004

.ge14
-.008

MgOH, H, MgB (OK) 3,
CaB({OH) 4. Am+++

.0 Cl-H5D4:
.0 Cl-0H:

.0

.0

LQ13

.0
N

.0 ~.0%6

.0

.0

-.006 -.006 -.025

AmCO3+  The+++,

.0 Cl-HCO2:
0 Cl-C0o3:
.0 Cl-BICH)Q:

-0

.0

UDZ++, NpO2+]

o
=
=1

C€1-B303 (OK}4:

.0

-0 Cl-B4O5S{OHI4:

.0 Cl-Br:

.0 Cl=-Am(CO312:
.0 Cl-Am{C0313:
.0 Cl-Clo4-:

.0 Cl-NpOZ{OH}2-:

.0 Cl-Np02CO3-:

.0

.0 Cl-NpO21COii2

.0 CI-NpOZ{CO3)3==z-:
.0 Cl-HZPOG-:

.0 Cl-HPO4

.0

.01

.0 Cl-PQ4d=-;

.0

.0 S04-HS04:
.0 S04-0H:

]
.0

.0

-.0094 -_0677 .0 -.0425 .0 .0

k=]

-.008 -.050

-.005 .0

JQ SO4-HCO3:

.0 S04-CO3:

.0

-.161 .0 .0

-.005 -.00% .0

.0 SQ4-BIOH)4&:

-G SO4-B303{0OH)4:
-0 SC4-B40O5{OK)4:

.0 504-Br:

.0 S04=-Am(CO3}2:
.0 SO4-Am(CO3)3:

-0

£04-C104=:

.0 SO04-NpO2I(CH)2~-:

.0 SO4=NpO2CQ3-:

.0 S04-NpO2{C0D3)2a-:
.0 S04-NpO2i(CO3)3

.0 SOL-H2PO4-:

.0 SO4-HPCd=:

.0

.0

504 -PO4=-:

.0 HSD4-OH:

.0 HSC4-HCOl-:

.0 HS04-CO3=:

.0 HSC4-BIOH}4-:

.0 HS04-B3Q2{DH]4:
.0 HSO4-BAOS{OH)4:

.0 HSC4-Br-:

.0

.0 HSO4-AmICO3)2-:
-0 HSO04-Am{CO3)2

.0 HS04-Clod-:

.0 H504-NpO2 (0H)2-:
.0 H504-NpO2CO3-:

.0 HSO4-RNpOZ(C03)2

.0 HS04-NpO2(CO3)3==-:
.0 HSO4-H2PO4-:

.0 HSC4-HPOL

.0 HSOY-PO4=-:

OH-HCO3:

.0

.0 OH-CO3:

.0 OH-B{OH}4:

.0 CH-B3Q3{OH}A:
.0 OH-BLOS{OH}4:

.0 OH-Br:

OH=-AM(CC3)2:

.0
.0

CH-Am(C0O3)3:

.0 OH-Clod-:

.0

.0 OH-NpO2 (CH)2-:

-0
-0

CH-NpO2CC3-:

CR-NpO2 (CO3)2=-:
.0 OHE-NpOZ(COl}3==-:

.0 QH-HPGH
.0 OH-PO4=-:

.0
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HRCO3-C03:
HCO3-B(QH}4 :
HCO3-B303 (OH) 4:
HCO3=-B40QS (OH) 4:
HCOl-Br:
HCO3-AmiCC2)2:
HCOI-Am(CC3)3:
HCO3-Clod-:
HCO3-NpO2 (OK)2-:
HCO3-Mp02C03-:
HCO3=-NpQ2{C03)12=-:
HCO3-NpO2 (C03) 3==~:
HCO3-H2PO4-:
HCO3-HPCd=:
HCO3-PO4=~:

h=3

onbo'o'co'abonooong
o

bhbbobbobbobob b
bobbboobbbobabb
bbbobbbnobobbbb
bbobbhbobbabbDo
bobobbobbbbbbhe
babbbboobbboobe
bhbtbbbobbbbobo
bhbubboobhbbosbb
cbbbbhhbhbeobob

CBoOOODOOOODO OO
CoOooooCcAOoOoOCoCO0O0O

CO3-B(CH}4~-1
CO3-B3C3(OHY4:
CO3-B4O5(OHM :
L03=-Br:
CO3-Am(CO3)2:
CO3-Am(C03)3:
Ce3-Clog-:
CO3-NpO2 (OH} 2-
CO3 -NpL2C03-:
CO3-NpL2 (C03 ) 2=-:
COZ-NpQ2{C03} I==-1
QO3=-H2PO4~;
CO3-HPO4=:
COI-POM=-:

cbwoocovooobooo
CooboocoobooDBBD B
coocaobocobovoooo
cbboboocoboooooo
bcbopeubobooOB DD
cbopobopboBoboe

opooocoooboooooae
cboobooboobobA
coboobowvmocoooeoo
covocopbpucocoaono
coomobonoooooon
cowocoboooooboo
Dowowoonooonoo

BIOH]4-B30O3 (OH) 4 :
B(OH])4-B405(QH) 4 :
B(OH)4-Br:
B{OH)4-Am{CO3)2:
B(CH)4=pAm{CQI) 3:
B{OH)4-Cl04~:
B{OH)4-NpO2 (OH) 2-:

B OH} 4-NpO2C03~:
B{OH) 4-Np02 (CO3) 2=~
B(OH)4-NpO2 {C03) 3==-;
B(QH) 4-H2PQ4-:
B(OE})4=-HPO4=:
B(OK}4-POd=-:

cobooocooocboo
cobbooocoboooooO
cobooboovoooO
cobobooocasoooo
coooboooobooo
cobobwooooooD
cocboooboobooo
comooboococooo
Soeconooooconon
CCcoooboomoDoOD
cocmooowoobooo
coooopoooobboD
cosoooacoanoa

B3CI{CH)4-B40S(QH) 4 ;
B303 (OH}4«Bx:

B303 (CH}4-Am{C0O3) 2:
B303 (OH}4-Am{CO3)3:
BlO3 (OH)4-ClO4-:

B303 (OH} 4-NpO2 (OH) 2-
B303 (CH}4-NpO2CO3-:
B303 (CH)4-NpQ2 (C0312=-:
B103 {OH}4~-NpO2 (CO3) ==~
B303 (CH}4=-H2POd~:

BI03 (O] 4-HPO=:

B303 (OH) 4 -POd=~:

coococoocoooOOo
OnhoooocoooOO0O
coooococoooooo
choooconovoDoo

cooooocoooooo
OownooocoDOOOO
ocbooooLoOOOOD
©OooooODDODODO
ocbonoODOOOOO
bobomocooboooo
DbwoooDoOOOO
cooconobooooo
cbooaocoboooa

B405 (OK) 4B :

BAO5S (OH)4=Am{CC3) 2:

BAOS (OE) 4=Am({CC3) 2 : L
B4A05{OHI4=Cl04-: R
B4O5 (OHy 4=NPO2 (OH) 2~
B4OS (OH) 4=Np0O2C0O3 -
B40S (OH) 4=Np02 (CO3 ) 2=~
E405 (OH} 4=NpOZ (C03} 3==-:
B40S (OH) 4=H2PO4-:

B4OS (OH}4=HPC4=: & :
BAOS (OH) 4=PO4d=-: )

coeocveocosbooan
ocooocooovoao
ccovvoomooDn
obocooocoDOO
osmoeocoocomoan
ccoooocomoan
noooooooooo
cooooooobooo
obooocvoobooo
sotoocoooeon
boocoocooboon
cooofoooooo
ocooococoooeon

Br-Ami{C03)2: . B
Br-Am(C03)3:

Br-Clod-:

Br-NpQ2 (0K)2-:

Br-NpOCO3-:

Br-NpO2(CO3)2%=-:

Br-Np0O2 (CG3} 3=z~

Br-H2PO4-:

Br~HPCda=:

Br-PO4=-:

cocoomocoboo
cooonooBbon
soobobooooon
coocooboocaoo
copoopboooo
coocboooooo

cobobobbobn
bbobbbobobe
cooooocoOo0D
coococooo0o0O
bbbobbobob
CopovoBBLOBO
bbbobbbbeb

.0 AmICO3)2-Am(CO3)3;

.0 AmICG3)2-Cl0d-:

.0 Am{CO3)2-NpO2 (OH12-:
AM(C03) 2-RpdO2CO3~:

.0 AM(CO3)2-RpOZ{CC3}2=-:
.0 Am{Q03)2-NpO2 (€O3)3==-:
.0 AM(CO3)2-H2PO4-:

.0 Am{CO3)2-HPOd=:

cooboooo
nooooooo
coosoomoon
nobooooco
ceocooono
nooooooo
sooocoboo
cooocoooo
bcoooobooa
comesocoboo
tcooobbooo
o

coococoooo
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Felmy, Rai, and Fulteon (1990) RCA 50 pp.193-204
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Pitzer and Silvester (1976} J Soln Chem S#4 pp.269-278

E576

RCA 56 pp.7-14

and Fulton {15952)
Rai, Felmy, Fulton, and Ryan {1992) RCA 58/5% pp.%-16

Felmy,

Pirzer (1%51) CRC Handbook, Activity Coef in Electrolyte Solns
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1.2 References Cited in Listing

Felmy, A.R., D. Rai, and R.W. Fulton. 1990. “The Solubility of AmOHCQ3(c) and the

Aqueous Thermodynamics of the System Na+—Am3+—HCO§—OH——-H20.“ Radiochimica
Acta vol. 50: 193-240.

Felmy, A.R., D. Rai, J.A. Schramke, and J.L. Ryan. 1989. “The Solubility of Plutonium
Hydroxide in Dilute Solution and in High-lonic-Strength Chloride Brines.” Radiochimica
Acta vol. 48: 29-35.

Felmy, 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. Mgller, and J.H. Weare. 1984. "The Prediction of Mineral Solubilities in Natural
Waters: The Na-K-Mg-Ca-H-CI-SO4-OH-HCO3-C0O3-CO2-H20 Systern to High Ionic
Strength at 25°C." Geochimica et Cosmochimica Acta vol. 48: 723-751.

Novak, C.F., and K.E. Roberts. 1994. Thermodynamic Modeling of Neptunium(V} Solubility in
Na-C03-HCO3-Cl-ClO4-H-OH-H20 Electrolytes. SAND94-0805C. Albuquerque, New
Mexico: Sandia National Laboratories.

Pitzer, K.S. 1991. Activity Coefficients in Electrolyte Solutions. Boca Raton, Florida: CRC Press.

Pitzer, K.S., and L.F. Silvester. 1976. “Thermodynamics of Electrolytes. VI. Weak Electrolytes .

Including H3PO4.” Journal of Solution Chemistry vol. 5: 269-278.

Rat, D., AR. Felmy, and R.W. Fulton. 1992a. “Solubility and Ion Activity Product of
AmPQO4*xH20(am).” Radiochimica Acta vol. 56: 7-14,

Rai, D., AR. Felmy, and R.-W. Fulton. 1994. “The Nd3+ and Am3+ Ion Interactions with SOi—

and their Influence on NdPO4(c) Solubility.” Journal of Solution Chemistry. submitted June
1994,

Rai, D., AR. Felmy, R.W. Fulton, and J.L.. Ryan. 1992b. “Aqueous Chemistry of Nd in
Borosilicate-Glass/Water Systems.” Radiochimica Acta vol. 58/59: 9-16.

Rao, L., D. Rai, A.R. Felmy, and RW. Fulton. 1994. “Solubility of NaNd(C0O3)2+*6H20 in
Concentrated Sodium Carbonate and Sodium Bicarbonate Solutions.” Radiochimica Acta vol.
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

| See Table 24 for explanation of this listing. - 1

Temperature is Hard Coded as 298.15K

[ .FD.TITRATE]BATCH_DOC. in: to illustrate/dosument "BATCH® runs FMT V2.0
CATARASE: HMWS4/FWBE: Np(V)-Na-C03-0H-Cl-ClC4 (NR94):

- $5.01.32 Am{III)-Na-Cl-CC2-504-P0O4 (FRSREY, FRESC, P91, RFFRY2 RFF94, RRFF94}

BTN

L Accuracy of reactions is 1.00QCE-06
7 Minimum elemsnral abundance is 1.0000E-18
& Number of Aqueous Species is 50

Species Order for Pitzer Paramerers

Cations
3 Na+ K+ Cas+ Mg++
¢, MgOHs He MgB {OH] 4+ CaB{DH} 4+
T Amhees ARCO3+ Thesss Uoz++
NpO2+

3% Andions

Cl- S0d= HSC4- CH-

HCO3 - CO3= BIOK) 4~ BIO3{0H}4-
B4O5 (OH} 4= Bra Am{C03y2- Am(CC3} 3=~
Clo4- pe NpO2 (OH)2- NpO2C03 - NpQ2{CO3) 2=-
WpO2 (CO3} 3==- H2PO4- HPO4= PO4=-

Heuctral

002 (aq) Cacos3 {ag) MgCC3 {aq) B{OH)3 (aq}
NpOZOH (ag) H3PO4 (ag)

Cation-Anion Binary Interaction Parameters

Cation Anion Beta{0) Betall) Beta{2) Cphi Alpha-Values

c1- 0.07650 0.26440 0.00000 0.00127 (2.0,12) 1-1,1-2.1-3

S504= 0.01958 1.11300 6.00000 0.00497 (2.0,12) 1-1,1-2,1-3

HSO4- 0.04540 0.39800 ©.00000 0.00000 {2.0,12) 1-1,1-2,13

OH- 0.08640 0.25300 0.00000 0.00440 {2.0,12) 1-1,1-2,1-3

HOO3 - 0.02770 0.04110 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

CO3= 0.03990 1.38900 £.00000 0.00440 (2,0,12) 1-1,1-2,1-3

B(OH) 4~ -0.04270 0.08900 0.00000 0.02140 (2.0,12) 1-1,1-2,1-3

B303 (OH} 4~ -0.05600 -0.92000 0.00000 £.00000 (2.0,12) 1-1,1.2,31-3

B4OS (OH) 4= -0.11000 -0.40000 0.00000 ©.00000 (2.0,12) 1-1,1-2,1-3

Br- 0.00000 G.00000 0.00000 £.00000 (2.0,12} 1-1.1-2,1-3

Am{C03)2- ©.00000 8.37000 0.00000 ©.00000 (2.0,12} 2-1,1-2.1-3

Am{CO3 ) 3=~ -0.%4000 8.10000 0.09000 €.41800 {2,0,12} 1-1,1-2,3-3

c104- 0.05540 6.27550 0.00000 -0.00118 (2,0,12} 1-1.1-2,1-3

NpO2 {OH) 2~ 0.00000 0.00000 0.00000 0.00000 (2.0,22) 1-3,1-2,1-3 =,
NpO2e03- 0.16100 0.00000 0.00000 £.00000 (2.0,12) 1-1,1-2,1-3

NpOZ(C03)2=- 0.40700 G.00000 0.00000 0.00000 ({2.0,12) 1-1,1-2,1-3 S
NpOZ2 (CO3) 3== 1.97000 16.00000 0.00000 ©.00000 {2,0,12) 1-1,1-2,1-3 CoN )
H2PO4 - -0.05330 £.03960 0.00000 0.00795 (2.0,12) 1-1,1-2,1-3 B Ly
HPO4= -0.05830 1.46600 0.00000 £.02340  (2.0,12) 2-1,1-2,3-3 . j
PO4=- 0.17810 3.85100 0.00000 -C.05154 (2.0,12) 3-1,1-2,1-2 f
ci- 0.04835 0.21220 0. 00000 -C.00084 (2,0,12} 1-1,1-2,1-3 a2
SCd= 0.0499% £.77930 0.00000 ¢.00000 (2,0,12) 1-1,1-2.1-3 o
HSO04- ~0.00030 0.17350 0.00000 €,00000 (2.0,12} 1-1,1-2,1-3

OH~ 0.12980 0.32000 0.00000 0.00410 {2.0,12) 1-1,1-2,1-3

HCO3~ 0.02360 -0.01300 0.00000 ~G.0080C (2.0,123 1-1,%-2,1-3

co3= 0.14880 1.43000 0.0000C -0.00150  {2,0,12) 1-1.1-2,1-3

B{OH) 4- 0.03500 0.14000 0.00000 0.00000 {2.0,12) 1-1,3-2,1-3

B303 (OH) 4- -0.13000 0.60000 0.00000 0.00000 (2.0,12} 1-1,1-2,1-3

B4OS (CH) 4= -0.02200 0.00000 0.00000 0.00000 12.0,12) 1-1,1-2,1-3

Br- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3

Am(CG3) 2~ €.00000 0.00000 0.00000 0.0000C (2.0,12) 1-1,1-2,1-3

Am{CQI)3=~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,%-2,1-3

C104- 0.00000 0.60000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3

NpO2 [CH) 2~ 0.00000 0.60000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3

Np02C03- 0.00000 0.60000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3

NpOZ (CO3 ) 2=~ ©.0Q000 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3

NpQ2 (C03) 3==- G. 00000 0.00000 0. 00000 g.pocod  (2.0,12) 1-1,1-2,1-3

H2PC4- -0.06780 =0.10420 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3

HPOA = ©.02480 1.27400 9. 00000 0.0184C 12.0,12) 1-1,1-2,1-3

POd=- 0.37290 3.97200 0.00000 -0.08680 (2.0,12) 1-1,1-2,1-3

Cle 0.31590 1.61400 0.00000 -0.00034 (2.0,12} 1-1,1-2,3-3

s04= 0.20060 3.19730 -54.24000 C.00000 (1.4.12} 2-2

HS04- 0.21450 2.53000 0. 00000 €.00000 (2,0,12) 1-1,1-2,1-3

OH- -0.17470 =0.23030 -5,72000 0.00000 (2.0,12} 1-1,3-2,1-2

HOO3 - 0.40000 2.97700 0.00000 0.00000 (2.0,12} 1-1,1-2,1.3

co3= 0.00000 0.00000 0.00000 0.00000 (1.4,12) 2-2
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Car+

Ca++

Cas+

Cae+

Ca++

Casws

Ca+s

Chesr

Caws
sa Caes

I Caws

Cass

Cave
Care

T Mges

w0 Mges

© Mges

Mg+

Mg+

Mges

Hgee

Mg

Hges

Myg++

Mges

Mgr+

Mges

Tl Mg

© T Mges

1T Mges

Mg

Mg»+

L Mges

L Mges

¢ MgOH+
T MgOH+
MgOH+
MgOH+
MgOH+
MgOH+
HgOH+
MgOH+
HgOH~+
HgOH+
MgOH~+
MO«
MgOH+
MgOH+
MgOH~
MgOH«
MoK«
HgOH+
HgOHr
MgOH+
B+

H+

E+

He

H+

H+

HgB (OH) 4+
MyB {OH) 4+
HoB (OH) 4+
MgB (OH14+
HgB{OR}4+
MgB{OH) 4+
HgB (OB} 4+
MgB [OH} 4+
MgB [OH) 4+
MgB (OH) 4+
MgB (OH]) 4+
MgB (0H) 4+
MgB IQH) 4+
MgB (OH) 4+
MgB (OH) 4+
MgB (OH) 4+

BIOH) 4~

B303 (OH) 4-
B405 (OH) &=
Br-
Am{CO3)2-
AmICO33=-
Clo4-

NpOZ (OH}2-
NpO2C03-
MpO2 (CO3)2%-
NpG2 (40313 ==-
H2PO4-

HPO4=

PO4=-

cl-

T804=

H504-

OH-

HCO3 -~

col=
B{OHI4~
B303 (QHI4-
B40S5 (OH) 4=
Br-
Am{CO3)2-
AmiCO3)3a-
Clo4-

NpO2 {OH) 2-
NpCZCO3-
RpO2 (€03) 2=~
NpOZ{CO03}3i==~-
HZPC4~
HPOd=
PQd=~

c1-

S04=

HS504-

OH-

HCO3-

Co3=
BI(CH) 4-
B3D3 (OHI4-
B4OS(OH) 4=
Br-

AM{C03 )2~
Am(CO3 ) 3=~
clca-

NpOZ (OH) 2~
NpC2003-
NpOZ {0031 2=~
NpOZ {CO3) 3=x-
HIZPO4 -
HPC4=
PO4=-

cl-

804=

HS04~

OH-

HCO3-

QO3=
B{OH}4-
B303 (OH14~
BADS{OH) &=
Br-
Am(CO3)2-
AM{C03}3=-
Cclod-~

NpG2 (OH) 2+
NpC2C03-
NpO2 (€03 ) 2%
NpO2{C03) 3==~
H2PO4 -
HPO4=
PO4=-

cl-

S04=

EBS04-

OB~

HCC3-

[wex
BiOHI4-
B303 (OH)} 4~
B40O5{0H) 4=
Br-
Am(C03)2-
Am(CO3)3=-
clo4a-

NpO2 (OK) 2~
NpO2C03-
NpO2 (CO3) 2=~

+

C OO0 0000 DP G000 DCCOO 00 000DAOC 00000000 G00D000000000DO000D00ONOR0eCI0DLUCOl00C0D0DCa00Q0 000

.00s00
.00000
.0eo0o
.0e000
. 00000
L0000
.45110
. 00000
Raleelele]
.ogooo

elelelide}

.00000
.0o0co
.ogc00
235235
.22100
.47460
.00000
.32900
.000eo
00000
. 00000
.00000
. G0000
BeleTelild]
.000co

49610
00000

00008

0o0Qoo

.00000
.00Doe
.0o0o0

ocoda

.10000
.0c000
L0060
-00000
.00000
Nelriih]o]
.0eooo
-00000
L0009
.00000
-boncao

Jslalehs)
00009
agood
ooced
00G00
[oJulelvii]
oooco
00080
00000
17750
02980
20650

. 00000
.00000
.00000

00000
00000

.00000
.adooo
00000

:lelelols]
17470
oooco
0ooceh
00000C

.00000
.00000
.Q0000
.00000
.18000
. 00000
. 00000

nooor
oocoe
00000
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-0ceoo
.opoog
.00000
-00Cc00
.gocco
.0ooee
.00ooe
.00000
. 00000

OO OO O 00O 00D 0 ODC0OROHODO0OCO0OROO0D00000DO0CO0O0O00O0R0O0O0DO0O0D0O0D0O00C0DDHODOCOOOONOOODOOROOOHWRODODOCoORODODOOOO

.00000
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.00009
.oeoce
feloa ]
.Qoeed
.75600
Q0000
.000060
00304
.00000
00000
.oooed
00000
.BP150
.34300
.T2800
.Qoeoe
.60720
.aooe
.gopo0
. 00000
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.D0oRO
.Qoone
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.0odoe
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. 00000
.ogugo
Nilelileld]
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.aooot
.QoQoe
.00000
.QoQoo
.00000
el
-oone0

Q.00000
0.00000
g.oooco
d.00000
0.00000
¢.00000
0.00000
0.00000
0.00000
0.00300
g.o0000
0.00000
0.00000
¢.00000
2.00000
-37.23000
0.00000
0.00000
0.00000
0.00000
£.00000
0.00000
0.00000
0.00Q00
.0D0DT
©.00000
0. 00000
0.00000
0.o0000
0.00000
0.00000
0.00000
0.oooot
0.00000
{0.00000
4.00C000
0.00o00
0.0000C
0.00000
0.00000
0.00000
0. 00000
D.00000
0.00000
0.00000
Q.00000
0.0000¢
0.0000Q
0.00000
0.00000
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¢.00000
¢.00000
0.00C00
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0.00000
4.00000
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0. oocon
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0.00000
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0.000¢C0
0.00000
o.ocoed
a.occoo
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¢. 00090
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0.0000C
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¢. 00000
G.o0000
©. 00000
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{.000C0
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0.CTO000
©.00000
0.00958
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0.00000
0.00000
0.00000
0.00000
0.Q0000
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0.00000
0.0000C
0.00000
0.00000¢
0.00000
G.00000
0.00000
C. 00000
C.00000
0.00000
0.00000
0.00000
0.00000
0.coo00
0.00000
0.00000
0.00000
0.00000
0.00000
G¢.00080
0.04380
0.00000
6.00000
0.00000
0.00800
0.00000
0.00000
0.0000C
0.,00000
0.0000C
0. 00000
0.0081%
0.00000
0.00000
0.00000
0.00000
0.0000C
0.30000
¢.00000
0.0000C
0.00000
0.00000
.oopce
0.00000
0.00000C
0.00000
0.00000
0.00000
0.00000
0.00C00
4.000C0
Q.00000
9.00000
0.00000
0.00000

2.0,12}
(2.0.12;
(2.0.12}
(2.0,12)
{2.0.12
(1.4,50)
(2.0,12)
(2.0.12)
(2.0,12)
(1.4,50]
{1.4,50;
2.0.123
{1.4.12)
{1.4.50)
(z.0,12}
1.4.12}
2.6.12
{2.0,12)
{2.0.22)
(1.4,12}
12.0,12)
(2.0,12)
(2.0,12)
(2.0.12)
2.0,12)
{3-4,50}
{2.0,12}
12.0,12}
(2.0,12}
(1.4,50)
{1.4,503
12.0,12)
(1.4,12)
t1.4.50)
{2.6.12)
{2.0.12)
{2.0,123
{2.0,12)
{2.0.12)
{2.0.12)
{2.0.12)
{2.0,12;
{2.06,123
12.6,12}
{2.0,12;
{2.0,12}
12.0,12}
(2.0,12}
12.0,12)
12.0,12)
12.0,12)
(2.0,12)
12.0,12)
(2.0,12)
(2.0.32}
{2.0,12}
{2.0,12}
(2.0.12)

{2.0,12)
12.0,12)
{2.0,12)
{2.0,12)
12.0.12)
12.0,12)
[2.0,12}
(2.0,12}
(2.0.22)
(2.0.12)
(2.0,12)
{2.0.12)
{2.0,12)
{2.0,12}
(2.0,12}
(2.0,12)
(2.0,12)
(2.0,12)
(2.0.12}
{2.0,12)
{2.0,12)
(2.0,12)
{2.0,1)
12.0,12})
(2.9,12)
(2.0.12)
(2.0,12)
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

MyB(CH) 4+
MgBOH) 4+
MgB{OH} 4+
MgB (OH} 4+
CaB (CH) ¢+
CaB{OH)d+
CaB(OH) 4+
CaB(DH) 4+
CaB{OH) 4+
CaB [OH) 4+
CaB (OH} 4+
CaB (QH) 4+
CaB{OH) 4+
CaB{0H) 4+
CaB{0OH) 4+
CaB{OH)Y 4+
CaB (OH} 4+
CaB(OH} 4~
CaB {OH)d+
CaB{OH) 4+
CaB {QH) 4+
CaB [OH) 4+
CaB (OH} 4+
CaB(OH) 4+
Anr-++
Am+++
Arre++
A+
Are++
Ameer
A+
A4+
A
Affe v
Amye++

Afree s
Alves+

Aftre -+

F.U s
Amess

Ao a4

Allrw ++
Am+++

J -
AmCO3+
AmCQ3+
ARCO3+
AmC03.
AmCO3+
AmCO3+
AmCO3+
AMCC3+
AmCO3+
AmCO3+
AMCO3+
AMCO3+
AMCO3+
ReCO3+
AMCO3+
AmMCO3+
AmC03+
AMCC3+
AmCO3+
AmMCC3+
Thes+n
The++4
Thesas
The++4
The++e
Th+ st
Thesds
The++4+
The+++
The++s
The s4s
The s+
Th+++
The+++
The+ts
Thetvr
The+es
Thetss
The++s
The+td
2+
Uo2++
U+
TQ2++
TO2++
TIZ2++

NpO2 1G03) 3==-
H2PO4~

HPGA=

PN=-

cl-

504=

HS04-

H-

HCOO3-

co3=

B(QH) §4-

B303 (OH) 4~
B405 (OH) 4=
Br-

Am!CO3) 2~
Am{CC3}3=-
€104~

NpO2 (OH) 2-
NpO2C03-
NpO2 (C03) 2=~
NpOZ (CO3) 3==-
H2ZPO4 -

BIOH) 4~

BJIO3 (0K 4~
B4OS (OH) 4=
Br-
Am({CQ312~
Ami(CO3}3=-
clod-

NpO2 {OH}2-
NpO2C03-
NpO2 {CO3} 2=~
NpO2 (C03) 3==-
H2PO4-
HPO4=

POdé=-

Ci~

504=

HS04~

OH-

HCO3 -

co3=

BIOH) 4~

B303 (OH)4-
B405(OH) 4=
Br-
An{CO3)2-
AmICOI13=-
Clo4-

NpO2 (OH) 2~
NpO2063 -
NpO2 [CO3 ) 2=-
NpO2 (CO3) 3w=-
H2PO4-

HPO4=

PO4=~

cl-

S04=

HSO4~

OH-

HCO3-~

CO3=

B{OH) 4~

B30 (QH) 4-
B405(0OH} 4=
Br-
Am{CO3)2-
Am{CO3) 3=~
Clod~

NpO2 (OH) 2~
NpO2CO3-
NpOZ (C0312=-
NpPO2{C03)3==~
HZPO4 -

HPO4=

POA=~

cl-

S04=

OOOOQDOOOO.UOOOUOOUOQOOOOPOOOCIOU_OOOOOODOOOOOODOQDOOOOOOOOOOOOQOQQWOOGDODOOOGOODOOOOODOOOOOO

alelo]i ]

.Qooce
. 60000
.0oo0d
.12000

0oo0co
00000

Belilelelr]
. Qo000

000090
00000
0Qooec
Q0000

. 00000
.00000
.Qo000

00000

.00C00
. 00000
00000
. 00000
.00000
. 00000
.ooooo

61170

.033B0
. Q0000
.00000
.00000
.00000
.oecoe
.0oGo0
Rilvlelv]

gpooc

Belelelels]
.00000
:1slviels]
.00000
L0000
.00000
.00909Q
-goooe
.oooce
.ooooc
Q0000
. 00000
Q0000
. 00000
. 00000
. 80000
.00000

ogeoo
oceoe
slelvlelv)

.00000
.QoR00
00000
00000

0o00co
[eilsIe]3
oogce
00000
oceoo
obeoo
0oe00
00000
00000
0000
00000
ococe
ocoot
sleIrlvld]
000090
000
cooco
00000
ocooe
atlelele}
00000
[fale]sld]
Goaco
cooce
gooce
oogoo
42740
32200
[ifsedvicy
ogoce
oceoc

.oGo00

0.00000
0.go0cC0
€. 00000
0. 00000
0.00000
0.00000
0.000G0
0.00000
0.Qcco0
0.00000
0.000cC0
0.codco
d.000C0
9.00000
0.00000
¢.00000
0.codcd
0.08000
Q.00000
0.00000
0.00000
0.00000
0.00000
0.00000
5.40300
0.00000
J.00000
fd.0c000
0.po00C
0.00000
0.00000
0.000C0
d.00800
0.o0Cc0
0.00000
d.pco00
5.35000
$.00000
0.00000
0.09000
0.00000
0.080000
0.00000
0.00000
0.00000
C.00000
¢,00000
0.00000
0.00000
0.00000
C. 00000
¢.ococo
g.o6o00
0.00000
0.00000
{4.00000
9.00000
0.00000
0.00000
0.000090
0.00000
0.00000
{.0G000
J.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.cooo0
0.0c0c0
¢.00000
0.00000
0.00000
0.00000
0.c00C0
¢.opoco
0.00000
b.00000C
G.0d000
0,coo0e0
0.cecco
0.p00e0
0.00000
1.64400
1.82700
0. 6G300
0.00000
0.coceD
000000

-250

|
o

MO0 OO OCcCoO00DU0RA0C00000000O0000C0ON00a0000O0

OO0 O0OODC OO OOCoOoODO00 0oL A0 000DOODODDDOOOO

00000

00000

00000
eoeoo
Goood

.00000
.00000
.onpoc
.ooooe

ooQeo
00000
Qo000

.0000C
.o0000
00000
20000

000C0
00000

00000
Welilelels]
.00000
-00000
.06000

00000
00000
00000

-0Q000
.0tooo
.0Q000¢
.QQ000

00000
ogooo
ao000
00000
00000

.Qoooc
.0Qooo

obooo
oooce
oboco
oQooe
90000C

Relelelvld]
.dooce
-0Q000
.0G900
. 00000
-00Q00
.08000

[ev]elilo]

.GRoQ0
.boooo

ogo00

. 00000

00000

.Q0000D
.00000
-00o0D

[eleleolvy
o000
00000
oQpoo
00000

.0hooo
. 00000

oonoo
gogee
oocoe
Qooo0
00000

.00000
.0ooo0

apcoo
ooeod
00000
00000

.0gooo
-00000
.{40000

00000
GQo00
00000

.Qooon
. 00000
. 00000
. 00000

Ga0ad
o000

.40000
- BO000

a

0
0

-oocop
a.
0.

00Cec)
0000

.000%0
.0C00D
a.
0.
9.
0.

ple]vl<lu}
oL000
[eJeleliki]
00000

0.00000

0
8]
0

.
0.
.qo00e
.ocoao
0.
0.
.Qoooe
.0000e
0.
Q00ke
.00000
0.

]
o

0
0

c
1]

D000 000OGO0

QOO OoOOOoODDDOoC00 0000000000000 000000000000 oOO0Oo0DOoOOoO0DD0OD

.0Q000
-oocog
.oo0o0o

06000
00000

00600
o0ono

jodslelely

02840
00c00
lelshiki]
00000
00000

.0ooon

osodo
elelils ]
oceoo

,0o0Cc60

oooRo
00000

.00480
. 00000
-00300
-00000
Relilhle]
.00000
L 00000
.00000
. 00000
. 00000
.00000
-00000
. 00000

00000

L0000

ooooeo

.0o0ko
.0oeee

00co0Q

.0otor
. 00000
.00000

o000
oc000
ocoed
ooooo

.notee

00coo

00000

00099
0co00
00000
ocooe
00000

.oocoo
Belslelo]o]

00009
ocogo
elei [}
0oto0
00coo

.00000
.00000

Qcoea
elelis]/]
00000

.Q0000
-00000
.03686
.01760

alfele]o]

.00000
. 00000
-Q0000

{2.0.
2.0,
2.0,
[2.0.
(2.0,
(2.0,
(2.0,
{2.0,
2.0,
(2.0,
2.0,
(2.0,
(2.0,
{2.0.
{2.0,
(2.0,
2.0,
(2.0,
(2.0,
{2.0,
(2.0,
(2.0,
(2.0,
(2.0,
(2.8,
(1.4,
z.c,
(2.0,
(2.0,
{1.4,
(2.0,
2.0,
(2.0,
2.0,
(2.0,
{1.4,
{2.0.
(2.0,
(2.0,
1.4,
1.4,
(2.0,
(1.4,
(1.4,
(2.0,
{z.0,
(2.0,
2.0,
(2.0,
(2.0,
(2.0,
(2.0,
(2.0,
(2.0,
(2.0,
{2.0,
{2.0,
{2.0.
{2.0,
(2.0,
(2.0,
2.0,
{2.0,
{2.0,
{2.0.
(1.4,
(z.0,
(2.0,
2.0,
(1.4,
(2.0,
{2.0,
(2.0,
2.0,
(2.0,
(1.4,
{z.0,
(2.0,
{2.0,
(1.4,
(1.4,
{2.0,
{r.4,
(1.4,
(2.0,
(1.4,
(2.4,
{2.0,
{2.0,
(1.4,

12)
12}
12)
12)
12}
12}
12)
12
12)
123
12}
12}
12)
i)y
1)
12}
123
12}
1)
12)
12)
12)
12}
12}
12}
50)
121
12)
i
S0
12}
12)
123
12)
12)
S0
12)
1z}
12}
501
50}
12}
50}
50}
12)
12)
12)
p3
iy
12)
12)
12)
12y
12)
12)
12)
12}
121
12}
12}
)
121
12)
12)
12)
50)
121
12
i2)
501
12)
12)
123
12}
12)
50
12)
12}
123
501
50}
12)
S0
S0}
12}
12}
121
12)
12)
12}
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

UO2++ B{OH}4- 0,00000 4.00000 0.00000 0.00000 {2.0,12) 1-1.1-2,1-3
Uo2++ B303 (OH) 4~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2.1-3
UD2++ B40S {OH] 4= C. 00000 ©.000%0 0.00000 0.00000 (2.0.12} 1-1,1-2,1-3
D2+ Br- ©.00000 0.000480 Q.00000 0.00000  (2.8,312) 1-1,1-2,1-3
002+ Am{CO}}2- 0.005600 £.00000 D.00QRo 0.00800 (2.0.12) 1-1,1-2,1-3
U024+ AmICO3) 3=~ 0.00000 0.00000 C.00000 0.00000 (1.4.50) 2-(n=2)
U024+ C104~ ¢.61130 2.14400 0.00000 0.02168 (2.0,12} 1-1.1-2,1-3
UOZe+ NpO2 (OH}Z- 0.00000 ¢.00000 0.00000 ¢.00000 (2.0.12) 1-1,1-2,1-3
V02> NpO2C03- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1i-1,1-2,1-3
uo2++ NpO2 (C0312=- 0.00000 0.00000 0.00000 0.00000 (1.4.50) 2-(n>2}
U2 ++ NpO2 {CO3 ) 3==- 0.00000 0.00000 0.00000 0.00000 (1.4.50) 2-(n>2)
VoZ++ HZPOd~ ¢.C0000 ©.00000 0.90000 0.00000 (2.0,12) 1-1,1-2.1-3
o2+ HPO4= 0.00000 0.00000 0.00000 0.00000 (1.4,12) 2-2
VOZ+= POd=- 0.00000 0.60000 0.00000 $.00000 (1.4,50) 2-(n>2)
NpOZ+ ci- 0,16800 €.00000 a.o0000 &.ppos0  (2.8,12) 1-1.1-2,1-3
NpO2+ 504= 0. 00000 0.00000 0.00D00 0.000%0 (2.0,12) 1-1,1-2,31-3
NpO2+ HS04- 0.00000 ©.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1~3
NpO2+ CH- 0. 00000 0.00000 G.00000 0.0p00C0  {2.0,12) 1-1,1-2,1-3
NpO2+ HCO3- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1~%,1-2,1-3
NpO2+ = 0.00000 Q.00C00 4.00000 0.0pp00 (2.0,12) 1-1.1-2,1-3
NpO2+ BIOH) 4- C. 00000 0.00000 £.00000 0.0¢000 {2.0.12) 1-1,1-2,1-3
NpO2+ B303 (OH}4- 0.0Q000 0.00000 0.00Q0C 0.00000 (2.6.12) 1-1,1-2,1-3
NpO2+ B40S [OH) 4= 0.00000 0.00000 0.04000 0.0pc00 (2.0.12) 1-1,1-2,1-3
NpOZ+ Br- 0.00000 0.00000 0.00000 0.00000 (2.0.12} 1-1,1-2,1-3
N2+ AmM(CO3) 2+ 0.00000 0.50800 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
NpO2+ Am(COY ) 3s- 0.00000 ¢.00000 0.0000¢ 0.09000 (2.0,12) 1-1,1-2,1-3
NpO2+ . €104~ 0.31200 ¢.00000 0.00000 0.tgo00 (2.0,12) 1-1,1-2,1-3
NpO2+ NpQ2 (0H) 2- £.00000 C.000D0 0.00000 0.¢ooo0 {2.0.,12) 1-1,1-2,1-3
NpO2+ NpO2C03- 0.90000 ©.00000 c.00000 0.00000 (2.0,12) 1-1,1-2,1-3
NpO2+ NpOZ(CC3)2=- 0.0000Q ¢.q0000 ¢.00p00 ¢.0c000 (2.0,12) 1-1.1-2,1-3
NpOZ+ NpO2Z {CQ3 ) J=x- 9.000800 J.00000 0.00000 9.40000 (2.0,12} 1-1.1-2,1-3
RpOZ+ H2PC4- 0.00000 0.00000 0,00G00 0.0000C (2.0,12) 1-1.1-2.1-3
NpO2+ HPC4= 0.00000 0.00000 0.00000 o.00oo0  (2.0,12) 1-1,1-2,1-3
NpO2+ PO4=- 0.900000 0.00000 0.00000 0.00000 (2.0,22} 1-1,1-2,1-3
raticn-Cation Ternary Interactions: thetaicl.c2)
K+ Ca++ Mg+ MgOH+ B HMgB(OH) 4+ CaB{OH)d+ Jumew+ AmCO3+ The+=t
-0.01200 0.07000 0.07000 0.00000 0.03600 0.00000 0.00000 0.00000 Q.00060 0.00000
UOZee NpOz+
©. 00000 ¢.00000
Ta+s Mg++ MgOH+ H+ MgB (OH} 4+ CaB(OH)4+ Am+++ AMCO3+ Th++++ VO2++
0.03200 0.00000 ©.00000 0.00500 0.000C0 ¢.00000C 0.00000 0.00000 0.00000 0. 00000
RpO2+
0.00000
Migee MgOH+ H+ MgB(OH) 4+ CaB(OH)4+ Ame++ AmCO3+ The+++ VO2++ NpO2+
Casrs 0.00700 0.00000 ©.09200 ¢. 00000 0.00000 0.00C00 0.00000 0.00000 C.o0Q00 0.C0000
MgCH+ K+ MgB{OH)4+ CaB{OH}4+ Am++s AmCO3 e Thes+t Uo2++ NpO2+

6. opooe 0.10D00 0. 00000 0. 00000 0.00000 0.00000 n.ooood 0. 00000 0. 00000

H+ MgB(OH) 4+ CaB{DH}4+ Am++s AmCO3+ The++s VOR++ NpO2+

0.00000 0.00000 0.00000 0.000G0 0.00000 0. 00000 0.00000 $.00000

MGE (OH) 4+ CaB(OH)4+ Am+++ AmCO3+ The+++ Uo2++ NpOzZ+ X

0.00000 0.00000 0.6Q000 0.00000 0.00000 0.00000 0.00000 !

i

CaB{OK} 4+ Amee+ AMCO3+ Theess UD2++ NpO2+ ¥
MgB{OH) 4+ 0.00000 0.00000 0.00000 0.00000 o.oeeco 0.00000 - ;/

Amr e+ AmMCO3+ The+++ UCZr~ NpOZ+ e :)4"”"
CaB{CH) 4+ 0.00000 0.00000 0.00000 0.00000 0.00000

AMCO3+ The+++ Uc2++ NpD2+

9.00000 0.00000 0.00000 0.00000

Th++4-+ [+ o2ty Np02+

0_o0co0 0.00000 0.00000

U2+« NpO2+
Th++++ G_00000 0.00000

NpG2+

0.¢Q000

Anion-Anion Tetnary Interactions: Cheta(sl,aZ)

504= HS04 - CH- HCC3- CO3= B{OH) 4~ B303 (OH) 4~ B4O5(CH}4= Br- Am(CO3)2-
cl- 0.02000 -0.00600 -0.05000 ¢.93000 «0.02000 -0.06500 0.12000 0.07400 0. 00000 0.00000

Am(CO3) 3=~ ClO4- NpO2 (OK)2Z- NpO2C03- NpQ2{C03)2 NpO2(CO3}3 K2PO4-~ HPO4= =~

G.00co0 0.00000 0. 00000 0.00000 Q.00000 0.00000 0.10000 ¢.00000 0.00000

HS04- CH- HCO3 - ca3= B{OH) 4~ B30Q3 (OR) 4~ B40S(0H) 4= Br- AMICO3)2~ Am{CC3)3=-

0.00000 ~0.01300 0.01000 0.02000 ~0.01200 D.x0000 0.12000 0.00000 0. 00000 0.cocao

€104~ NpO2 (OH) 2- NpQ2Q03-  NpOR{C01}2 NpOZ(CO3)3 H2PO4- HPO4= PO4=-

0.00000 4.00000 Q.oocch 0. 00000 ¢.00000 0.00000 0.00000 0.00C00
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Appendix J; QUTPUT File Listing of HMW_NP_AM.CHEMDAT
OH- KCOo1- CG3= B(OH) &~ B303{0K14- B4OS(OH)4= Br- AmM(CC3)2- AmM{CO3}3=- ClO4-
0.60000 0.00000 0.00000 0.00000 0.,60008 0.00000 ©.00000 0.00000 0 6oD00 0.00000
NpOZ (OH)2- NpO2CO3-  NpOZ{C03)12 NpO2{C03)3 HZPOd- HPOL= PO4=-
0.00000 0.00000 0.00000 0,0000C 0.060000 0.000090 0.00000
HCR3- co3= BOH)4- 8303 (CH) 4- B40S5 (OH) 4= Br- AMICO3I2- Am{CO3)3=- CLO4- NpO2 (0K} 2~
0.00600 0.10000 £.00000 0.00000 0.00000 1.00660 0.00000 0.60000 0.00C00 0.00000
MpO2C03-  Np02(C03)2 NpoZ{C03)3 H2PO4- HPO4= POd=-
0K~ 6.00000 4.0000¢ ¢.00080 0.00000 o.po000 0.00000
co3= BiCH}4- B303 (OH)4- B4OS{(OH}4= Br- AmICO3)2- AmM{C03)3=- ClO4- NoC2 (OH)2- NpO2CO3-
HCOD3- -0.04000 0.00000 -0.10000  -0.08700 0.00000 ©.00000 0.00000 D.0C00D 0.00000 0.00000
' NpO2 (CO312 NpQ2{co3)3 HZPO4- HPO4= PO~
HCO3- 0.00000 0.00000 2. 00000 £.00000 0.00000
BIOH) 4- B103 (0H) 4~ B4OS [OH)4= Br- Am(CO3}2-  AmICO3}3=- ClO4- NpO2 (0H) 2- WpO2CC3-  NpG2 (C0312
co3= : ©.00000 0.00000 0.00000 G.00000 9.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
Npo2 (C03)3 HPO4- HPOS= FOd==
co3= 0.00000 0.00000 0.060000 0.00000
8303 (OH)4- B4OS (OH)4= Br- Am(CO3} 2~ Am(CO3}3=- CLO4- NpO2 (0H) 2- NpO2CC3-  NpO2 (CO3)2 NpQ2(C0313
BIOH}4- 0.00000 0.00000 0.00000 4.000C0 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
H2PO4- HPO4= PO4=-
B{OK} &~ 0.00000 0.00000 0.00000
B4OS (OH} 4= Br- Am(CO312- Am(CO3)3=- ClO4- NpO2 (OH)2- NpORCO3=  NpOR(CC3)2 MpO2(CO3)3 H2PO4-
B30I (OH} 4~ 0.00000 0.00000 9.00000 t.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
HPO4= POd=~
B303 (OHI4- 0.00000 £.00000
Br- Am{CO3)12- Am{CO3)3=- ClO4- NpO2 (OH)2- NpO2CO3~  NpOZ(Q03)2 NpO2{CO3)3 E2PO4- HPO4=
B4OS (OH} 4= 0.00000 0.00000 9.00060 0.,00000 ©.00000 0.00000 0.0000¢ 0.00000 ¢.00000 ©.0000¢
POd=-
B40S (OH) &= 0.00000
Am(CO3)2- Am{CO3)3=- Clod- NpOZ (OH)}2- NpO2C03-  NpO2 (CO312 NpOZ2(CO3}3 H2PO4- HPO4= POd=-
0.00¢00 0.00000 0.00000 0.,00000 ©.C0000 0.60000 0.00000 0.00000 {. 00000 0.00000
Am{C03)3=- ClO4- NpOZ2 (CH]2- NpO2CC3-  NpO2{CD3)2 NpO2{CO3)3 H2POM- HPOd= POL=-
Am{CO3) 2« 0.00000 0.00000 0.00000 0.00000 0.00000 ¢.00000 0.00000 0.00000 1.00000
clo4a- NpG2 (OH)2- NpO2CO3~  NpOGZ(COI}2 NpO2{CO3)3 H2PO4- HPO4= PO4=-
Am(CO3) 3= 0.00000 6.00000 0.00000 £.00000 0.00000 0.06000 0.00000 0.00000
Np02{0H12- NpO2CO3I-  NpO2 (C03)2 NpO2(CO3)3 H2PO4- HPO4= PCé=-
C104- a.00000 0. 00000 0.60000 0.00000 0.0D00D 0. 00000 D.00DDD
NpoZC03- Np02(003)2 Npo2(CO3)3 H2PO4- HPO4= PO4=~
NpG2 (OH) 2- 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
NpO2 (€03)2 NpoZz (CO3)3 H2PO4- HPO4= PO4=-
Np02CO3- 0.00000 .00000 0.00000 0.00000 0.00000
NpO2 (C03)3 H2PC4- HPOd= POd=« T
NpO2(CO3) 2=~ 0.00000 n.000C0 0.00000 0.00000 AN
P
: H2PO&- HPCA= PO4=- £
NpO2 (€03 ) 3==- £.00000 0.00000 0.00000 i,
HPO4 = POz~ \
H2PO4- 0.00000 0.00000
FOt=- el
0.00000 ‘ -

Cation-Cation-Anion Temmary Interactiens: psi(...}

cl- 504= HS04- OH- HCO3- «O3= B(OH)4- BIO3 ({OH14 B4AOS{OH)d4 Br-
K+ -0.00180 -0.01900 0.00000 0.00000 -0,00300 0.09300 C.00000 0.ocpooe 0.00000 0.00000
Ca++ -0.0070C -0.05500 0.00000 0.00000 ¢.o00C0 0.00000 0.00009 0.ococe Q.00000 0.00000
Mg+ -0.01200 -0.01500 0.90000 0.00000 G.00000 0¢.00000 0.00000 0.00000 0.00000 0.00000
MgOH~+ 0.00000 0.00000 0.00000 0. 00000 0.00000 0.00000 ¢.00000 ©.00000 0.06000 0.00000
Hr -0.00400 0.00000 -0.01250 0. 00000 D.o0000 0.00000 0.0¢o000 0.coooo 0.00000 0.0C000
MgB {OH) 4+ 0.00000 0.00900 0.00000 ¢.00000 0.00000 0.00000 0.00000 0.0coo0 0.00000 0.00000
CaB (OH) 4+ .00000 0.00000 0.00008 0.0CCo0 0.00000 0.00000 0.00060 0.00000 0.00000 0.00000
Aftrets 0.00000 0.00000 0.00000 0.00000 0. 00000 0.000C0 0.00000 0.00Cc00 9.00000 0.00000
ATCQ3+ o.o0000 a.00000 £.00000 0.00000 D.00000 0.00000 0.00000 0. ppooe D.o0000 0.00000
The +++ 0.00000 0,00000 0.00000 f.ocoo0 0.000C0 0.Qoo00 0.00009 D.0o00C0D 0.00000 Q.0oo0o0
DO24+ 0.00C00 0.00000 C.gooce 0.00000 ¢.00000 0.000C0 0.00C00 0.00C00 0.00000 0.00000
NpO2+ 0.00000 0.00000 ¢.Q0000 0.00000 0.00000 0.00000 0.00000 0.00¢00 0.00000 0.00000
Ca++ -0.02500 9.boocd 0.00000 9.00000 0.00000 ¢ .o000C 0.00000 0.00000 ©.00000 0.00000
Mg++ -0.02200 -£.0480C 0Q.00000 9 .0000C 0.00000 ¢.00000 0.00000 0.00000 g.ocoooc 0.040000
MgOH+ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.oo0000C 0.060000 0.0000G 0.00000
H+ -0.01100 019700 -¢.02650 0.00000 0.90000 0,00000 0.00000 0.00000 0.400000 0.400000
MgB (OH) 4+ 0.00000 0. 00000 ¢. 00000 0,00080 0.0o000 0,q0000 0.00000 0.00000 ¢.0cc00 £.099000
CaB (OH) 4+ 0.0Q0000 C.Quose 0.00000 0.00000 0.c0000 0.00000 0.00000 £.90000 c.cooD C.co000
Amreas G.00000 0.00000 0.000%0 0.00000 0.00000 0.00000 0.00000 0.00000 0.¢o0c0 o.cceoo
AmMCQ3+ 0.000C0 0.00009 ¢. 90000 0.00G600 G. 009900 g.0gace 0.00000 0.00000 0.90000 0.00000
Th++e+ 0.00000 0.00000 0.00000 0.00000 0.00000 0.0000C 9.00000 0.00000 0.0ccoo ©.00000
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K+ vo2++ 0.00000 C.00000 0.00000  0.0000C  0.00000  0.00000 0.00000 0.00000 0.08000  0.00008

K+ NpO2+ 0. 00000 £.00000 0.00000 0.00000 ¢, 00000 0.004600 0.900000 0.00000 0.0000C 0.00000

Cass Mg+ _0.01200 0.02400 0.60000 0.000C0 0.06000 ©.00000 0.00000 0.00000  0.00000  0.00000

Cams MgOH+ 0.00000 0.00000 0.00000  £.0000C  0.00000 0.00000 0.00000 0.00000  0.00000  0.00000

Cavs He _0.015G0 ©.50000  0.00DDC  0.DPOOD  D.000OD  D.000DY  D.0ODDY  0.00000  0.00000  D.0DODD

Carr HgB (OH) 4+ 0.00000 €.00000 ©0.00008 0.000CG  0.08000 ©0.00000  0.00000  0.00000  0.00000  0.00000

CaB{QH) 4+ 0.00000 €.00000 0.00C00 0.00000 0.00000 0.00000 0.o0000 0.00000 0.Q5000 ¢.C0000

At 0.00006 ©0.00000  0.00008  ©.00000 0.00000 0.00000 ©0.00000 ©0.00000 0.00C00  0.000CO

ARCO3+ 0.00000 ©.00000 0.000D0  ©.0000C 0.0C000  £.00000  0.00006  0.00000  0.00000  0.00000

Thesss 0.00000 ©.00000  ©0.00000  0.00000 0.00600 ©0.00000 ©.00000 ©.00000  ©0.00000  0.00000

oz 0.0006C 0.00000 0.00000  ©.CONOD  ©.000CD  0.000D  0.00000  0.00000  0.00000  0.000CC

NpO2Z+ 5.80000 0.080800 0.00000 0. 00000 D.0DODO 0. 00DOD 0. ook 0. o0oon 0.00000 0. 00000

MgOH+ 0.02800 0. 00000 0.00000 0.00000 0 .00000 0.00000 0. po000 ©.00000 0.00000 0.00000

H+ -0.01100 0.00000 -0.01780 0. Cooo0 .00000 0.00000 ¢.00000 0.00000 ¢.oo000 0.00000

MGB (OH} 4+ 0.00000 0.000G0 0. 00000 0.00Q00 Q.00000 0.00000 0.00600 0.00000 0.00000 Q.00003

CaB{OH) 4+ 0.00000 ©.00000 0.00000  ©0.00000 ©.00000 ©.00000 0.00000 0.00000 C.QC000  0.0000)

A+ C.00000 0. 00000 0.00000 0. C0oo00 0.00000 0.00000 0.00c00 ©.00000 0.ooC00 0.00000

AMCD3+ 0.00000 0.00000 0.00000 0.00000  ©,00000  0.00000 0.00000 0.0000C  0.00000  0.0000G

Thesss 0.00000 0.00008  ©0.0000p 0.00000  0.00000  0.0000C  0.00DODD  0.000D0  0.0000D  0.00000

UCZ++ 0.00000 ©0.00000 ©£.00000 0.00000 Q.00000 ©0.00000 0.00000 0.00080  0.00000  0.00000

NpO2e 0.00000 0.00080 ©0.00000 0.00000  0.0000C 0.00060 0.00000 0.00000 D.000CO  0.000CO

He 0.00000 0.00000 0.00000 0.00000 ©.00000 0.0000C  0,00000 0.0000C ©0.0000C  0.0000¢

¥gB (OH) 4+ 0.0000C ©6.00000  ©0.00000 ©.G0O0D  0.000GD  0.000C0  0.00000  0.00000  0.00000  0.00D00

CaB {OH} 4+ 0.00000 0.00000 ©0.0000¢ 0.60000 ©.00000 0.00000 0.00000 ©0.00000 0.00080  0.00OGD

Ame st 0.00000 ©0.00000 0.00000 0.00600 0.00000 0.00000 0.00000 0.00000 0.0000C  ©,00000

AmCOd+ 0.00000 O.00000  0.00000  ©.000CD  0.0DO00  0.00000  ©.0000C  0.00000  0.00000  ©.00000

Tha++= 0. 00000 0.00000 ¢.00000 0.00090 0.00000 Q.00000 9.00000 o.o0cce 0.00000 Q.00000

uozer 6.00000 0.00000 0.00000 0.00C00  0.00000 ©.00000  0.00000  0.00000 0.00000  0.00000

NpO2+ 0.00000 0.00000 0.00000 ©.00000  0.G0000 0,00000 0.0000C  0.0000C  0.00000  0.00000

MgB (CH) 4+ 0.00000 ©0.00000 0.00000 0.00000  ©.00000  0.00000 ©.00000 0.00060  0.00000  0.00000

CaB (OH) 4+ ©.00000 ©0.00000  0.00000 0.00000  6.C000D  0.00000 0.00000  0.0000C  0.00000  0.00000

RAm+++ ¢.copo0 2.00000 0.000400 0.0p000 0.00000 0.009Q00 ¢.o0000 Q.00000 0.00000 0.00000

AmCO3+ 0. 0DDOO D.0000n0 0.00000 0.0p0000 0.00000 o. 00000 0.0p0D0 0.00000 0.00000 0.0800D

Thesee £.00000  9.00000 0.0000C ©0.00000  ©.00000 0.0000C 0.00000 0.00000 0.00000  O.000GO

voZ+e ¢.00000 0.0000C 0.0000¢ 0.00000  ©.00000 0.00000 0.00000 0.000DC  0.00000  0.00000

NpOZ+ 0.00000 0.00000 0.00080 ©0.00000 0.00000  0.00000 0.00000 ©,.00000 0.0000C  0.00000

MgE (OH) 4+ CaB (OH) 4+ 0.0000C ©0.00C00  0.00000  0.00000  ©.D000C  0.00060 0,00000 ©0.00000 0,00000  0,00000

MgyB (OH) 4+ e+ 0.00000 0.000080 0.00000 0.00000 ¢.00000 0.00000 Q,00000 0.00000 0.00000 0.00000

MgE(OH) 4+ AmMCO3+ 0.00000 4.00000 0.00900 0.00000 0.00000 0.04000 0 .00000 0.00000 (.00000 0.00000

MOB{OH} 4+ Thass+ 0.00oR0 4.00000 0.00000 0.popo0 0. 00000 0. 00000 0. 00000 0. 000DD 0. 00000 0.00000

MgB{OH) 4+ UOZ+ C¢.00000 0.o0Co0 0.00000 G.00000 0.00000 0.0¢000 0.00000 0.00000 0.00000 0.00000

MgB (OH; 4+ NpO2+ 0.00000 0.00CO0  ©.0000C 0.00000  ©.0000D 0.00000 ©.00000 0.00000  0.00060  0.00000

CaB (OH} 4~ PR 0.00000 0,00000 0.00000 0.00000 ©.C0000  0.0000C  0.00000  0.00000 0.0000D  0.000C0

CaB (CH) 4+ AmCQ3+ 0.00000 0.00000 0.00000 0.00000 £,00000 0.00000 0 .00000 0.00000 0.00000 Q.00000

caB(OH) 4+ Theass 0.40000  0.00000  0.00000  ©.00000  6,00000 0.00C00 0.00000 C.0CO0O  0.00000  0,00000

CaB{OH) 4+ vo2++ 0.00000 Q.00000 0,00000 0.0Q000 0.00000 0.0poae Q.00000 0.00000 0.00000 Q.00000

£a5 (OH} 4+ NpO2+ ©.00000 ©0.00DCG  D.0DODD  0.DCODO  ©.50000  O.00pO0  6.00000  0.00REO  0.00DOD 000000

Ameae AmCO3 0.00060 ©£.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 ©.00000  0.00000

A Thetss 0.00000 ©.06000 0.00000 0.00000 9,00000 0.00000 ©.00000 0,00000 ©.00000  ©.00000

Ame e UC2es 0.00006 ©0.0C000 ©.00000 ©.0000D  ©.00060 0.00000  ©.00Q00  0.00000  ©,D0CO0  0.00000

Amees NpO2+ 0.00000 0.00000  0.000D0  0.000CC  0.00000  C.00Q0C  0.00000  Q.0000D  D0,00000  ©,00000

AmCO3+ Th++++ 0.00004% 0.00000 ¢.00000 0.00000 g.00600 C. 00000 0.00000 3.00000 ¢.00000 0.00000

vo2++ 0.00000  £.00000 0.00000 0.00000 ©.00000 0.00000 C.0C000  0.00000 0.00000  G.00000

NpO2+ D.00000 0. 00000 0.0000D 0.apo0oD 0.0po00 0.00000 0. 00000 0.00000 ¢. 00000 ©. 00000

PO2++ 0.00000 0.00000 0.00000 0.00000 0.0C000 ¢.00000 0.c0000 0.00000 0.00000 C.00%00

Npo2+ 0.00000 ©£.00000 ©0.00000 0.000D0  0.00000 ©0.00000  0.00000  0.O0000  0.08000  ©.50000

HpoZ+ 0.00600 ©.00000  0,00000 ©.00000 0.000GG  0.0GGO0  0.000QC  0,00000 ©.0C000  0.00000

Am(CO3)2- AmICO3)3= Clo4- FRCZ{OH)2 NpO2C03- NpOZ(CO3) NpO2(CO3) H2PO4-  HPO4= PO4=-

K+ 0.00000 0.,00000 Q.00000 0.00000 $9.00000 0.0cc00 0.00000 0.G0000 C,oc0000 0, 00000

Caer 0.00000  ©.00000  0.00000  0.00000 ©0.0000C ©0.00000  0.00000 0.00000 0.00000  D.000O0

Mg+ ©.00000 0.00000 ©0.00000 ©0.00000 0.00000 ©.00000 ©.00000 0.00000 ©.00000  ©.00000

MgOH«+ 0.00000 0.00000  0.00000  0.0000C  0.00C00  0.00000  C.00000  0,00000  ©.00000  O.00000

He 0. 00000 G .00000 Q.o00a0 0.00000 Q.00000 0.0cco0 0.00000 0.C0000 C. o000 0.00000

MgB (CH) 4+ £.00000 0.00000 ©0.00000 0.00000 ©.00000 ©.00000 0.0000C ©0.00000 §,00000  0.d0000

Can (OH) 4+ ©.00000 ©0.00000 ©0.00000 0.00000 0,.00000 0.00000  0.00000  0.00000  0.00000  ©.00000

Ame+s 0.00000 £.00000 0.00CO0  0,00000  ©0.00000 0.00000 0.00000 0.00000 0.00000  ©.00000

AmCO3+ 0.00000 £.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 G.0oC000 0.00000

The+ss 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 0.60000 0.00000 0.0000C  0.00000

Uo2++ 0.00000 O.00000 ©0.00000 0.00000 0.00000 ©0.00000 ©£.00000  0.00000  0.00000  0.06000

NpO2+ 0.00000 4.00000 0.0GCO0  0.0000C ©0.00000 0.00000 0.00000  0.00000  ©.00006  G.DODOD

Care 0.00000 0.00000 0.0000¢ 0.00000 0.00000 ©.0G000 0.00006 0,00000 0.00060 §.00000

Mg+ 0.00000  ©0.00000 0.00000 ©0.000G0 0.00000 0.00000 0.C0000  0.00000  ©.0000C  ©.00000

MgOH+ 0.00000  0.00000  0.00000 0.00000 0.00000 0.00000  ©.DOOOO  0.00000  0.00000  C.CODOO

He 0.00000  0.00000 0.00CO0  0.00000 0.00000 D.00CO0  ©.00000  ©£.00000  D.00000  ©.00000

MgB {OH] 4+ 0.00000 0.00000 0.00Q00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

CaB(CH) 4+ C¢.00000 0.00000 0.00000 0.00000C 0.00000 0_Gogog 0.00000 0.00000 0.00000 ¢. 00000

A+ 0.00000 Q0 .00000 0.60Q00 0.00000 Q.00000 0.05000 0.00900 0.00000 0.00000 0.00000

AmCG3e &.0a000 a.aq060 ¢. 064900 §.0000% a.Gee00 ¢.¢oaoc &.0Ga00 ¢ .0agoq 0.00000 ¢.C0000

Theses 0.00000 ©0.0000C ©£.0000¢ ©0.00008  0.00000 ©.00000 ©.00000  0.00000 0.00000  C.0CO00

gz ee ©.00000 ©.0000C 0.04000 0.0000C ©0.0C0Q0  0.000Q0  ©0.00000  0.00000  0.00000  ©.00000

NpO2+ 0.00000 0.00000 0.00060 0.00000 0.000CC  0.0CCO0  0.0C000  ©.00000  0.00000  0.00000

Mg++ a.00000 0.00000 0.00000 {Q.00000 0.00000 0.00000 0.C0000 0.000Q00 0.00000 Q.0C000

Mgk~ £.00000 ©0.0000C 0.00000 4.0G000  0.0D000  D.5CCOC  ©0.00000  G.0Q000  ©6.GCOO0  0.00000

He+ ¢.200C0 0.00000 d.00000 ¢.00000 0.000cC 0.pooce 0.00000 0.00000 0.00000 0.00000

MgB {OH) 4+ ©.00000 ©.00000 0.000DGO  £.00000 0.0000G 0.G0000 0.0000@  0.G8006  ©.G0008  0.00600

CaB (0H) 4+ 0.00000 ¢.0000C  0.00000 0.00000 0.00000  0.00000  0.00000 ©0.00000 ©0.0C0GC  0.00000

Amess 0.00000  0.00000  0.00CO0  0.00000 ©.00000 0.00000 0.00000  ©.0080C  0.00000  0.00CO

AmCO3+ 0.0pooo 0.00000 9.00000 0.00000 ©.00000 0.00000 Q.Q0000 0.00000 0.00000 6.00000

Theses 0.00000 ©0.0000C ©0.00000 ©0.00006C 0.00606 0.00000 ©0.00000 ©.080006 0.00000  0.00000
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Appendix I: OQUTPUT File Listing of HMW_NP_AM.CHEMDAT

Ca++
Car+
Hg++
Mg+
Mgee
Hg++
Mg+
Mg++
pge
Mg++
HMg++
MgOH+
MgOHe
MgOH+
MgOH+
MgOH+
. MgOHe
MgOH~
MyDE+
H+

H+

MgB{OH14+
MgB {OH) 4+
HgB {QK) 4+
MgB{OH) g+
MgB (OH) 4+
MgB(OH) &4+
CaB(OH) 4+
CaBb (OH) 4+
CaB {OH) 4~
Cal{QH) 4+
Cas (oW} 4+
Anre++
A+
AN+ 4
A+
AmTO3+
AMCO3+
AmCO3
The+++
Thé+e+
UVO2++

UO2++
NpO2+
MgOH~

H+

MgB [OH) 4+
CaB(OH) 4+
Altes++
AmCO3+
Thetves
UO2++
NpO2+

H+
MgB{(OH} 4+
CaB{0H) 4+
Ames o+
AMCC3 e
The++w
VOZ++
NpO2+

MgB (OH) 4+
CaB (OH) 4+
Afte++
AmCCI+
These+
U02++
HpOZ+

CaB (CH) 4+
.Y,
AmCO3+
TH+bha
U2+~
NpO2Z+
A+
AmCCOle
Thesss
DOZ2++
Rp02 +
AmCCI+
The+++
UO2=+
Npo2-
The++++
UO2++
NpO2+
TVO2++
RpOZ+
NpOZs+

Anion-Anion-Cation Ternary

504=
HSO4-

OH-

HCO3-

Cco3=

BOR)4-
E30Q3{0H)4-
B40S {OK) 4=
By~
Am{CO3)2-
Am(CC3 ) 3=-
104~

RpO2 (CH) 2~
Np02C03-
NpO2Z{CO1)2=-
NpO2Z{CQ3)3==
H2PO4 -

HPC4=

PO4=~

HSC4-

OH -

HCO3~

CCl=

B(CH}4-

B1C3 1OH) 4-
B4OS{0H) 4=
Br-
Am{COII 2~
Am{CO3) 3=~
Cl04~

NpOZ (OH)} 2-
NpO2C0O3-
NpO2{C03}2=-
NpO2(C03)3a=
H2POY-

HPO4d=

PO4=~

SH-

HCO1~

0.0G000
0.00000
C. 00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0. 000D
0.00000
0. 00000
9.00000
0.00000
0.0000c0
0.00000
0. 00000
4.0pco0
0.00000
0.0000¢
0.00000
¢.00000
0.00000
0. 00000
0.00000
0.000C0C
0.00000
0.00000
¢. o000
. 00000
0.00000
0.9000¢0
¢.00000
0.0oo000
0. 00000
0. 00000
0. 00000
0. 00000
0.aqoce
0.00000
0.04q000
0. 00000
0.00000
©.60000
0. Cppoo
0.0pp00
0.0oco0
0.00000

Interactions:

Na-+

0.00140
~0.00600
~0.00600
-0.01500
0.00850
-0.00730
-0.02400
C.G2600
C.C0000
0. 00000
¢.C0ooo0
0. 00000
¢.Gooco
0. 00000
0.4Q0000
0.00000
C. Q90000
¢. 00000
€. o000
-0.00940
-0.00900
-0.0ps0C
-0.00500
0. 00000
0.00000
G. 00000
¢.00000
0. 00000
G.00000
0.bop00
0.boool
0.00000
0.00000
- €. 40000
0.00000
0.00000
0.00000
0.00000
0.00000

.00000
. 00000
00000
.00000
. 00900
.00000

.00000
00000

[edelihi ¥

OO0 0O ULOOOoODOCLDOG0RDOOOLCODODOOC0DI0DOOC0DD0O0DOCO00D 0000

psil,..)

X+
. 50000
0.00000
~0.00600
0.00000
0.00400
0.00000
0.06000
{.00000
0.00000
2.00000
0.00000
0.00004
0. 00000
0. 00000
0.00000
0.00000
~0.01000
.00000
G. 00000
-0. 08770
-0.05000
0.00000
-0.00800
0.00000
0.00000
0.00000
0.00000
0.00000
0.900000
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000
©.00000

ocoor
.oocoo
. popoo

.00000
.00000
00000
.00000
N oeli]eld]
[elelilelv]
00000
00000
00000
00000
Q0000
00000
Qaoeo
00000
0GRo0
.0c000
.0c000
.00000
0000
elelvle i}
Gooco
00000
. Q0000
. 00000
.00000
00000
ooGeo
Queco
Go0c0
.00000
. Q0000
.00000
00000

oocon
.oogco

0.
0.
o.
0.
0.
0.
g.
a.
0.
a.
a.
a.
0.
0.

0.
0.

Q.
0.
0.

0.
0.
0.

0.
0.
0.

0.
0.
0.
C.

D.
0.
0.
6.
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0.
Q.
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[slefedile}
00000
00000
ooeoo
ocooe
00000
00000
00000
GoCo0
oc000
oncad
00000
00000
00000
00000
00000
00000
aooeo
ogooo
00000
40000
00000
00000
Qoogo
Q00C0
00000
00000
00000
covop
eLilel e}
elelileli}
000C0
Q0000
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00000
00000
ooceo
00000
00000
0000¢
29000
00000
00600
00000
0009040

Ca+s

~0.
Q.
~0.
0.

0.
a.
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0.
0.
0.
0.
0.
0.
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0.
C.
C.
0.
o.
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0.
0.
0.
0.
0.
0.
0.
0.
c.
0.
Q.
0.
0.
0.
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0.
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¢l800
00000
02500
00000
00000
00000
00000
20000
00000
[sladslale]
00000
00000
coooo
00000
000C0
00000
00000
00000
40000
00000
00900
00000
00000¢
Q0000
00000
00000
00000
00000
00000
00000
00000
[shilvile)
00000
00000
00090
00000
00000
G000
00000

0.oo000
0.00000
G. 00000
0.00000
0.00000
0.000C0
0.000C0
0.00000
0. 00000
0.00C00
0.00000
0.000C0
0.00000
0.00000
0.00000
0. 00000
0,00000
Q.00000
Q,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0. 60000
Q.00000
©.00000
0.909000
0.00000
0.gcooo
6.co000
0. 00000
9.00000
9.00000
0.00000
0.09000
©.00000
0.00900
0. 00000
0.00000
0.00000
Q,0000C

Mg+

-0.00400
0.00C00
0.00G00
-0.09600
0.Qooco
0.oooce
Q. 00000
0.00000
0, 00000
¢.oc000
0.00000
0.00000
0.00C00
0.00000
0.400000
0.¢0000
¢.00000
0.00000
0.00000
-0.04250
0.00000
-¢.16100
©¢. 00000
£.00000
0.00000
0.00000
0.000CC
0.00000
0.00000
p.oocod
0.006e0
0.00000
0.00000
0.0000C
¢.00000
0.00C00
0.00000
0.00000
0.00000

0.06000
0.00000
0.00000
0.00000
0.06000
0.00000
0.00000
9.00000
0.00000
0.00000
0.06600
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00006
0.00000
©.00000
0.00000
©.00000
0.00050
0.00000
0.00000
0.000g0
0.00000
0.00000
0.00000
0.00600
0.00000
0.40000
©.00000
0.00000
0.00000
0.00000
9.00060
9.00000
0.00000
0.00000
©.00000
©.00000
0,00000
0.00000
0.00000
0.00000

[Heil]
oe000
00000
QoGa0
oocoo
ooboe
00060
00000
00300
codoo
00000
00900
00000
00000
Q0000
coono
€0000
ccboo
00boo
00000
ootoe
fulilelols]
coooo
00000
0coo0
ooeeo
aooco
00poo
00000
00000
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0o0os
noooo
0oooo
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otoog
oocco
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00000
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ooooo
.00000
ocoee
slelelelV)
0oo00
.00000
.00000
.00000
. 00000
00000
00000
.00000
.QQ000
.Q0a00
.00000
.00900
.00000
00g00
. 00000
. 00900
.00000
. 00000
.00C00
.00000
.00000
.00000
.00000
.00090
.ooooe
.booeo
.00000
. 00000
.00000
.00000
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.ooooe
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00000
.Qagoa
00000
.00000
.ob000
.000¢9
.00000
.0pooo
.00000
Q0000

-
.hoooo
01300
ooooe
0g0o0
a0000
00000
Qoaoo
ococoo
.ocooo
[elolelels]
00000
00000
00000
slelilele]
cooed
oocco
oocoo
oooot
00000
Qoooe
00000
ococo
00000
00000
00000
[+lisTi]s]
ogoon
.00000
00000
00000
woo00
[ss{ss]e)
.0Q04q0
.00000
.00000
00000
00000
.00000
00000

0.00000
0. 00000
0.00000
0.00000
©.c0000
0.00000
0. 00000
0.00C00
0.00¢00
0.00000
0. 00000
0.00000
0.00000
0.00000
o.ooocd
0.0c000
0.¢0000
0.000Q0
¢.00000
0.00000
0.00000
0.00000
0.0p000
0.c0000
0.cood0
¢.0oc00
0.08000
0.00000
0.000C0
0.0000D
0.040a0
©¢.00000
0.C0C00
0.00000
0.000C0
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00C00
0.00000
©.00000
©.00000

MgB(OH) 4+
0.0000C
0.0000C
0.00000
Q0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
4.00000
0.00000
0.000G0
0.00000
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.80000
C.0C000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00000
0.00000
0.g0000
0.C00000
0.00000
0. 00008

CaB{CH)} 4+
.000C0
.000C0
.000C0
.000c0
.000C0
.00000
.apogo
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0.00000
.00000
0.00000
0.00000
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0.00000
0.00000
0.00000
0.00000
0.00000
0.00002
G.00000
0.00000
0.9%000
0.90Q00
0.00000
0.0000G
G.oQo0o
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000C
0.00000
0.900000
0.00000
0.0peoo
d.00000
0.00000
29.900000
0.00000
©.900000
0.00000
¢.00000
Q.00000
Q0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.0000¢C
0.00000
0.00000

A+

Q.o0cen
p.cocoa
0.c0C00
0.00000
0.00000
0.00000
0.00000
0.00000
C.0ce00
¢.ooceo
¢.coceoo
0.00000
0.00000
0.00000
0.0000¢C
0.900000
0.00000
0.00000
0.00C00
0.00000
0.00000
¢.00000
¢.0o000
0.Cc0oCCO
0.00000
0.00000
0.00000
9.00000
0.00000
0.00000
©0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
8.0000¢
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OO0 00000OOO0O0O0O0DO0OO0OR0DD0oDO0ORDOOODODOO0O0 00

00000
. 00000
.000%0
. 00000
.000c0
.0o000
Bele]elods]
. Qo000
.Goo00
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. DoQoo
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.00000
.0oooe
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.00000
.oopoo
.0ooo0
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foex 1] 0.00000 n.oc0d0 5.00000 0.00000 ¢.00000 0.00009 0.00000 0.00000 g.oo0cco 0.00000
B{aH}I 4~ 0.DO0OD  ©0.000DP  D.000DD  0.00CDD  (.00000 0.0CGEOC  0.000GCO  0.00C00  0.00000  .0000D
B303 (OH) 4- §.00000 0.00000 ©.0000C 0.00000 0.06000  ©.00000 0.00000  0.00000 0.00000  0.00000
BLOS{OH] 4= 0.00000 0£.D00DO 000000  0.QCODC  0.00000  ©.00000  0.0C0O0  0.0D02OO  O.000DC  D.00000
Br- 0.00000 0.00000  ©.0000C  ©.90000  0.00000  0.DO000  0.00000  ©.00000 O.C0000  0.00000
AmM{CO3)2- 0.00000 ©£.00000 0.00000 0,00000 ©.00000 0.00000 0.00000 0.000CC  0.00000 (.Q0CCC
Am(CO3)3=- 0.00000 0.00000 £.00000 0.00000  ©.00Q00  0.00000  ©.00000  ©.00000  0.00000  0.00000
cloa- 0.80000 ©.00DOOO  0.00000 ©0.00Q00  0.00000  ©.00Q00- ©.00000  0.00000  ©0.00000  0.00000
NpO2 (0K} 2= ©.0o000 0.0000D  0.00DOD  0.0OOOD  0.0OGDD  0.0D000  0.C0000  0.00000  0.000O0  ©.00000
NpO2C03 - 0.00000 ©.COO00  0.000C0  0.00000  0.00000  0.00000 ©.00000  0.00000 0.00000 0.00000
NpO2 1CO3) 22~ 0.00000 0.00000 0.00000 0.00000 0.00000 ©£.00Q00 0.00000  0.C0Q0D  0.00000  0.00000
NpOZicC3t3==-  0.00000 0.00000 ©0.00000 0.00000 0.00000  ©0.000OC  0.00000  0.00C00  0.00000  0.00000
H2PO&~ 0.000RC ©0.00000  ©0.000D0 ©.00000  D.OGOBO  0.00000 0.00000  ©.00000  G.00000  0.00000
HPO4= C.00000 0.00000  0.00000  0,00000  0.00000  0.C0000  0.00000  0.00000 D0.000G0  D.00000
pOd=- C.00000 0.00000 0.GG000 0.00000 0.00000 0.GORDC  0.00C00 0.0000O0  0.0000C  0.00Q00
HCOT - 0.00000 0.00000 0.00000 0.00D0DC  0.0000C  0.00000  0.0000C  0.00000  ©.00000  0.DCOOO
co3x +0.01700 ~0.01000  0.00000 0.0Q0COQ  0.000C0  0.000C0 ©.CO00G  0.00000 0.0000O  0.00000
B{OHI &~ 0.00000 0.0000C¢  ©.00000 0.000DD  0.0000C  0.00BOC  ©0.00DCY  0.0DCOOO  ©.00000  O.000GO
B1Q3{OH) 4~ £0.00000  0.00000 0.00G00  0.00000  ©.00000  0.00000  0.00000 0.00000 ©.00000  0.00000
B4OS (OH} 4= £0.0p000  ©.0000D  0.00DDD  0.00BO0  0.0DDOC  O.QCOOD  0.0C000  0.00000 0.00000  4.00000
Br- 0.00000 ©.00000 ©.0000C ©.00Q00  0.00000 0.90000 0.00000 0.00000  ©.00000 0.00000
Am(CO312- 0.0poo0 0.00000 0. 00000 0.0e000 ©.00000 t.cooco 0.00000 0.0000¢C 0.¢00g0 a.40000
AM(CO3}3=- 0.0g000 ©.000DD  0.DDODD  0.00D0O  0.000QC  D.DEOOC  0.0E0O0D  0.00000  0.000C0  0.00000
cloé- 0.00000  ©.00000 ©0,00000 0,00000 0.00000 ©.00000 ©.00000  0.00000 ©.00000  0.00000
NpQ2 (OH) 2~ 0.00000  0.00000  0.0G00DC 0.00GD0  0.00C00  0.60000 0.00900 0.COQOD  0.00000  0.0Q00O
Rp02C03- ©.00000 ©.00000 0.00000 0.00000 0.00000  0.00000 0.000C0 0.00CCD  0.00000  0.00000
NpOZ2 {C03) 2=~ 0.00000 ©0.00800 ©0.00000 0.00000 0.0D0GO0  0.00000 ©.00000 G.C0000 0.C00Q0  0.00000
NpOZ(CG2)3¥=-  0.00000 0.00080 0.00000 0.00CD0  0.00009 0.¢0000 0.00800 0.0000C  0.C0G00  0.00000
HZPO4- 0.00000 ©0.00000 ©.0C0Q0 0.00000  0.00000 0,00000 0.000C0 0.000C0 0.000DC  0.0OCCO
HPOdx 0.00000  D.DO0DL  D.00PDD  0.0DOOC  0.000D0  0.p00DO0  0.0000C  Q.0DDDO  0.00000  ©.00GOO
POd=~ ©.00000  0.00004 ©0.00000 0.00000 0.00000 0.cO000  0.00000  0.C0Q00  Q.00CDO  0.00000
col= 0.00200 0.01200 0.00000 0.00000 0.00000 o.ooo00 0.0000D 0.000C0 9.00000 0.00000
B{OH| 4~ 0.00000 0.00000 0.00000 0.0000C  0.000D0  0.000O0 0.000C0  0.00000  0.0000C  0.00000
BIO3 {OH) 4~ £.00000 0.00008  0,C0000 ©.00000 0.00000 D.GQORG  0.00000 0.COCO0  0.00000  0.00000
B40S5 (0H) 4= 0.pOOO0  £.000CC  0.00000 0.00OGD  D.OOQEO  0.00000 0.0O0CO  0.00000  0.000GC  ©.0Q000
Br- D.DpOPOO  D.OODDR  0.0CDO0  0.0DODO  0.00000 0.00Q000  0.000CC  Q.DQQDD  0.0000C  0.08OOO
Am(CD3)2- 0.p0ODD  D.OODOD  0.00000  0.D0OO0  0.000DO0  0.00000  0.00000  0.00000 0.C0000  0.00000
Am(CO3)3=- 0.00000 ©£.00000  0.00060 0.00000 0.00000  0.00000 0.00000 0.00000 £.00000  0.00000
Cl04- 0.00000 ©.00000 0.00000 0.00000 0.G0000 0.0000C ©.00000 0.00000 0.00000  §.00DQO
NpO2 (OH) 2~ 0.0000C 0.0C000 0.00000C 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NpO2C03- 0.00000  5$.00000 0.000D0  0.00000 ©0.0Q0DC  0.0000C  0.0000C  0.00000  H.00000 ©.00000
NpO2 (CO3) 2=- 0.90000 ¢.cO00DO 0.00000 0.00000¢  0.Q00QO 0.00000  0.00000 0.00000 0.00000 0.00000
RpO2 (CO313a=—  0.0000C ©.00000  0.0000C  0.00000 0.0GD00  0.00000  0.00000  0.00000 ©.00000  0.00000
H2PO4 - 0.0ODOD  £.0ODODD  0.000DC  £.00000  G.00000  ©.000O0  0.00000 0.00000 0.00000  0.0ODOO
HPC4= 0.00000 6.0000D0  ©0.00CGO  0.0000C ©.C0000  D.0OOOC  0.00000 ©.00000  D.00OOD  ©.0GOOCC
PO4=- 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000  ©.00000 0.0Q00C  0.00000  0.00ONC
BLOH) 4~ 0.00000 ©0.00000 0.0000C ©0.00000 6.00000 0.p0000 ©.00000 ©.00000 ©.00000  0.00000
BI03 (OH) 4~ 0.00000 0.00000 0.00006 0.00000 0.00000 0Q.0000C ©.00000 0.00000 0.00000  O.C0GG0
B4OS {OH) 4= 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.0000C ©.00000 0.00000 0.00000 ©.0QDOC
Br- 0.00000 ©.C0000  ©0.00000 0.00000 0.C00D0  0.0000C  0.00000 0.00000 0.00000  ©.00000
Am{C03)2- o.popp0  0.0000p  0.00D0C0  0.0DO00  0.CO000  0,00000 C£.Q0000 0.00000  0.D0000  0.00DOO
Am(C03) 3=~ D.pOPOO  0.0000p  0.00000  0.00000 ©0.0000C 0.00000 Q.00000 ©.0000C ©.0000¢ ©.00000
clo4- 0.ocoo000 0.00000 0.00pDC  ©.00000 0.00600 0.c0000 0.c0000 0.09C00 0.CCO0gH 0.00000
NpO2 (CH}2- 0.00000 0.000DC ©.00000 ©0.D0COC 0.00000 ©O.QOOCO O0.00CODD  0.GEOCO  0.C0GGD  §.40000
NpO2C03- 0.00000  ©£.0C0000  0.0DOCO  0.00000 0.00Q00 0.90000 0.00000 C.00000 0.00000  0.00000
NpO2 (CO3) 2=~ 0.0000G  ©0.00900 0.0DDCO  C.COH00  0.00000 G,00000 0.00000 ©0.00000 0.00004 0.000OO
NpO2 {CO313==-  {.0000C 0.00000 0.00000C C.0OOOD  0.0Q000 D,00C00  ©.C0ODG  D.GOCOD  0.CO0CD  0.00000
H2PO4- 0.0000C  0.00000 ©.00000C D.ODGOO  0.00000 0.00000 0.00CD0 0.00000  0.00002  0.00000
HPOA= 0.00000 £.00000 0.0pC00 0.0000C  0.00000 ©.00000 0.00000 ©.00000  0.00000  0.00000
PO4=- 0.00000 ©.C0000 0.00DOO  ©.00000  0.00000  ¢.D0Q00  C.00000 ©.00000 0.00000  0.00000
BICH) 4- B30I [OH) & 0.00000 0.00000 ©.0000C  ©.00000 0.00000  0.pO000  C.0CQ0D  0.00000 ©0.CCOOD  0.00000
B{OH) &- B4OS (OH) 4= 0.00000  §.00000 0.00000  9.0000C  0.00000  (0.0U0000  0.90000  0.00000  0.00000  0.00000
B8(0H)4- Br- 0.008600 ©.C0000 ©.000CC  0.00000 0.00000 0.Q0000 ©£.00000 0.00000  D.00000  0.00000
B(CH) 4- Am{C03) 2~ ©.00000 0.000Q0  0.00000  ©0.00000  ©0.00000  ©.DOCOO  C0.COOQ0  ©.00C00  D.COCOO  0.0Q000
B{OH) 4~ At (003) 3=~ 0.00000 0.00000 0.00000 ©.00000 0.00Q00 0_GOOGO 0.00000 0.CCCCO  0.00D0C  0.00000
B(OK) 4~ C04- 0.00000 ©.00000 Q©.000CO  ©0.00000 0.00000 0.00Q00  ©,00000 0.00000 0.00000 0.00000
BIOH)4- NpO2 (OH) 2= 0,00000 ©.00Q000 0.000CC 0.C0000  0.00000  ©.00CO0  ©.00000 ©.00000 0.00000  0.00000
B(OH} 4~ NRO2C03 - 0.00000 0.00CDO  0.00000 0.00000  D.00000  0.QO0CO  G.GDGOD  0.00000  0.G000D  ©.00000
BIOH} 4- NpO2 (CO3 1 2a- 0.00000 0.0000¢ ©.G0000 0.00000 0.0006C Q.00Q00 0.00000 0.00000 ¢.0000c  G.000ad
B(OH} 4~ NpO2(CQI)3==- 0.00000 0.000bg 0.00000 0.00000 ©.0000C ©0,00000 ©.0000C 0.0Q000C 9.00000  ©.000CO
B{OH) 4~ H2PG4& - 0.0C000 0.000bp 0.0CCO0 0.0000C ©0.00000 0,00000 0.00000 0.00000 0.00000  0.60000
Bi{OH) 4- HPO4= 0.00000 ©.000b0  O.GHOCO  0.0000C  0.C0000  0.00000 0.00000 0.00000 0.00000  O.00000
BIOH} 4~ PO& - 0.00000 0.0006p ©.C0Q00 ©.00000 ©.000D0CC  0.00000 0.0000C 0.00000 0.00000 0.00C00
B303 (OH) &~ B40OS (OH 4= 0.00000 Q.000bp  ©0.00000 ©0.00000  0.00000 0.00000 (.00000 ©0.00000 0.00000 0.0000C
B303 (OH) 4~ Br- 0.00000 ©.000pp ©.00COO  0.0000C  0.G0000 0,00000 0.00000 C.Q0D0C0  ©£.00000  0.00000
BJOI (OH) 4~ Am{Co332- 0.00000  0.0000¢ 0.G0003 @.00000 G.0000C Q.QU0GC  0.00000 0.00000 Q.00000  O.06000
B30} (OH}4- Am(CO3)3=- 0.00000 0,00000 0.00000 0.00000 0.0Q000 0.00000 0.00000 0.,00000 &.000G0 0.00000
B303 (CH) 4~ Cl04- 0.00000 ©.000D0 ©.00000 0.0000C  ©.0D000  0.DO000  06.00000 0.00000  0.00000  0.00000
B303 (OH) 4~ NpO2 (OH) 2~ 0.00000  0.G00DO  0.0DOCD  2.00000  0.08000 C.00C00  0.08000 0.00000  ©£.00C0CO  D.00000
B303 {OH) ¢~ NpO2C03-~ 0.00000  0.00000 0.00600 (.00000 0.0Q000  0.Q0000 0.000D0  ©.00000 0.00000  0.0OQO0
B303 (OH) 4~ RpO2 {03 ) 2=~ 0.0C000  ©0.000p0p 0.00000 0.00000 0.00000 0.QQC00  0.00000 0.00000 (.00000  0.00000
B30O3 (OH) &~ NpO2(CO3)3==- 0.00000 0.00090 0.00000 ©.0C0000 0.00000 0.COOH0  ©.00000  ©.00000 0.000GO  0.00000
B3C3{OHI 4~ H2PO4- ©.06000  C.00000  0.00G00 0.0000C  D.00008  0.00G00  G.00BGO  0.00000  C.000DG ©.00000
BI03 (CH) 4~ HPO4= 0.00000 ©.000g0 ©0.pDOCO  0.00000 0.00000  0.08C00  ©.0CD00  0,00000 0.00000  ©.00000
8303 (0H) 4~ PO4=- G.00000  0.000pp  0.c0000  0.000CO  G.00000 0.00000 ©.00000 0.00000 0.00060  0.00000
BAQS {OH) 4= Br- 0.60000 0.00000  0.00ROD 0.90000 0.00000  ©.00000 0.00000 G.00000 ©0.00000 O.00Q00
B405 (OR} 4= Am{CO3)2- 0.00000 ©.000pC  ©.00000 ©0.00000 ©.000C0 ,Q,.0000C 0.00POC  O,00000 0.00000  0.00000
B405 (OH) 4= Ami{C03)3=~ C.0000C  0.00000 ©0.60000 0.000CC  ©.00000  ©£.0O000 0.00000 0.00000  C.00000  0.00000
B40S5 (OH) 4= Cl04- 0.00000  ©0.00000 0.00000 0.00000 0.C0Q00 ©.0Q000  ©0.00000  0.00000 ©€.000DO  ©0.00000
B4OS (OH) 4= WpG2 {OH) 2~ 000000 £.000pp  0.0000D  0.00000  £.DCDOO  D.OORDO 0.00000  O.DODOO  0.DDORD  D.DODOD
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B405 (CH) 4= NpO2C03 -~ 0.00000  0.00000 0.90000¢C 0.00000 0.00000C 0.00000 0.00000 C.G0000 G.00C00 0.00000
B4O5 (OH) d= NpO2 (CO312=- 0.Q0geCc  0.0D0O0 0.00000C 0, 00000 ¢.00000 0.00000 0.00000 0.00000 0.00000 0.00000
B40S (OH) d= NpOZ(CQ3i3==~ 0.0000C ©0.00000 0.00000 ©.00000 0.00000 0.00000 ©0.00000 0.00000  €.00000  ©.00000
B40S (OH) 4= H2PO4~ 0.0000C  0.00000  0.Q0000 ©0.00000 0.0000G0 0.00000 C.0D0000  ©.00000 0.00000  ©0.00000
BA0S5 [OM) 4= HPO4= 0.0000C  0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000  0.000CO  0.0000C  0.00000
B4OS (OH) 4= POd=~ 0.0000C 0.00000 0.0000C ©.60000 0©.0000C 0.00000 0.00000 ©.00000  0.00000 0.00000

AMICO2) 2- 0.0000C  0.00000 D.00DGD  0.00000  0.000CD 000000  0.DO0OO  0.00000  0.00000  0.00000

Am{C03}1»- 0. 0000c 0.00000 0.00000 0. 00000 0.00C00 0.00000 0.00000 G.00000 0.00000 G.oo000

Cloé- 0.0000C 0.00000 0.00000 ¢. 00000 0.00C00 0.0C000 0.00000 £.00000 0,00000 £.00000

NpO2 (CH}Z- 0.00800 0.0000¢ 3.00000 0.900000 0.00000 0.00000 0.00000C a.000c0 0.00000 0.00000

RpO2C03- 0.00000 0.00090 0.00000 0.00000 0.00000 0.cecoo 0.00000 ¢.000C0 0.00000 $.00000

NpO2 (CC3) 2=- 0.ooooc 0.00000 4.00000 0.9%000 0.00090 0.00000 G.00000 0.00000 0.00000 0.00000

NpO2(CG3i3==- 0.000CC  0.0000C 0.00G0C 0.00000 0.00000 0.0C0C0  0.00000  0.00000  0.00000  0.00000
Br- H2PO4- 0.0C0CO  0.0000C  0.00C00 0.00000 0.00000 O0.00C0OC  0.0000C Q.000C0  D.00000  0.00000
Br- HPO4= 0.000C0 0.00000 0.00000 ©.a0000 0.00600 0.000060 {4.00000 ag.opoco 0.00000 0. 00000
Br~ PO4=- 0.000C0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 {J.000C0 d.00000 0.00000
Am[CO3)2- Am{COI)3=- 0.080080 0.00000 0.90600 0.00000 0.00000 0.00000 0.00000 0.000(0 0.00000 0.00000
AmICO3)2- Cl04- 0.0000C  0.0000C 0.00G00  0.00000  0.00000 O.GCOGO  0.00000 0.00000  Q.00000  O.00000
Am({CO3)2- NpO2 (OB} 2- 0.00000 0.00000 0.00000 0.00000 0.00000 o0.oeo00 D.000COD a.oo0Cc0 g.o0oco G.00000
Am(CO3)12~ NpO2Ce3 - 0.0c06G0 0.00000 g.00000 0.00000 0.00000 b.ococo 0.000C0 d.000C0 0.00000 0.90000
AmM(CO3)2- NpO2(C03)2=- 0.o0p0c0 0.00000 0.00690 0. 909000 0.00000 o.coooc 0.00060 4.00000 0.00000 0.00000
Am(CO3)2- NpOZ (CO3 ) === 0.00000 0.00000 0.00000 0.00000 0.00000 ¢.coooo 0.00000 0.0¢0C0 0.00000 0.00000
Am{CO3})2- H2PO4~ 0.0000¢C 0.06000 0.00000 0.90000 0.00000 0.00G0C 0.000600 g.000t0 0.00000 0.00000
Am(CO3)2- HPO4= 0.00800 0.00000 0.00000 0.00000 0.00000 0.00000 0.00CC0 0.0000¢ 0.00000 4.00000
Am(CO3)2- POd=- 0.000C0 0.00000 0.00CO0  0.00000 ©0.00000 ©.00CCO  0.000CD 0.0CCCO  0.00000  0.00000
Am(CO3) 3z~ Clod- 0.00000 0.00000 0.00600 0.00000 0.00000 0.oco00 0.00000 0.006C0 0.00000 0.00000
AM{CO3) 3= RpO2 (OH) 2- o.oocoe 0.00000 0.00C00 0.0000¢ 0.00000 0.00000 0.00000 g.000C0 ¢.00D00 0.00000
Am({CO3) 3=~ NpO2Co3- 0.o¢00C 0. 00000 Q.00000 0.90000 0.00000 o.c0000 0.000C0 0.000C0 ¢.00000 d.00000
AmICO3) 3=~ NpOZ (€031 2=~ 0.ocpoo 0.00000 0.00000 C.QQo00 ¢.00000 o0.ocoooo 0.00000 0.000C0 0.00000 4. 00000
Am(CO3)3=- NpO2 (CO3}3==~ 0.00000C 0.00000 0.00000 0.00000 0.00000 0.DCOOC  0.000CO ©0.000CD  0.000Q0  0.00000
AM(CO3) 3=- H2PO4 - 0.0coto0 0.00000 0.00000 0.00000 ¢.00000 ¢.co0co0 0.000C0 o0.occce 0.00000 .00000
Am(CO3)3=- HPO&= 0.0c0CC  0.00000  0.06000 0.00000 0.00000 C.CCCGO  0.000C0  0.00CCO  0.DODOO  0.00000
AmM(CO3) 3=~ POd=- 0.06000 0.00000 0.00600 0.00000 0.00000 ¢. 00600 0.00000 0_pooLo 0.00000 0.00000
Clod- RpO2 (OH) 2- o0.ocooe 0.0c000 0.0D000 0.00000 0.00000 0.00000 0.00000 0.ocelo 0.00000 0.00000
C104- NpO2C03 - 0.op0cC 0.00000  0.000Q0 0.00000  0.00000 C.D00OC  0.00000 0.0COCO  0.0OODO  0.00000
T104- NpO2 (C03)2=- 0.00000 0.00000C 0.00000 0.00000 0.00000 ¢.a000¢6 0.00000 0.00000 0.00000 0.00000
Clo4a~ NpO2{C03) i==- 0.0¢000 0.00000 0.00000 0.00000 0.00000 ¢.00000 0.Q0000 0.000Co 0.00000 0.00000
Cl04- H2PO4~ 0.000C0  0.0000C  0.00C0C  0.0000C  0.00000  0,00000 0.00000 0.00CCO  0.00000  Q,00000
C104- HPO4= 0.000CC 0.00000 0.00600  0.00006 0.00000 ©.0000C 0.00000 0.00CCO  ©0.0DODO  0.00000
Clo4- PO4=~ 0.00600 0.06000 0.00000 0.00000 0.00000 0. 00000 0.06500 0.00040 0.00000 0.00000
NpO2 (OH)2- RpO2C03 - o.oococ 0.00000 0.00000 0.90000 0.00000 0.00000 0.00000 0.000Co 0.00000 0.00000
NpO2 (OH) 2- NpO2Z(C03) 2=~ 0.0¢000 0.00000 0.00000 0.00000 0.00000 ¢,00000 0.0CG50 0.000C0 0.00000 0.00000
NpO2 (OH) 2- NpO2 (€03)3==- 0.0008C 0.0000C 0©0.00000 0.0000C 0.00000 ©.00300C 0.00C00 ©0.0CCCC ©.00000  0.00000
NpOZ (OH} 2~ HZPO4- o._06G000 0.06000 0.00000 0.00000 4.00000 0.c0000 0.06000 nD.o00co 4.00000 0.00000
NpO2 (OHY2- HPO4= 0.00600 0.08000 0.00000 0.0000C 0.00000 0.60000 0.0G000 [T H 0.00000 0.00000
NpO2 (OH) 2~ PO4=~- 0._00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.06000 0.0gcGCo 0.00000 0.00000
NpO2CO3 - NpC2{C03)2=- 0.000C0 0.0000C 0.000900 0.00000 0.00000 0.00000 0.00300 0.0C0C0O 0.00000 0.00000
NpO2CO3- Np02 {C03)3==~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.90000 0.00000 g.ogeco 0.00000 0,00000
NpO2CO3- H2PO4 - 0.00000 ©0.00000 ©0.00000 0.00000 0.00D00 ©.00000 ©.00000 ©.G0CCO 0.00000  O.00000
NpO2C03- HPO4= 0.0040090 0.00d00 0.00000 0.00000 0.00000 0.00000 0.00000 0.600C0 0.00000 0.00000
RpO2C03- PO4=- 0.00000 0.00000  0.00000 O.0000C Q.00000 0.00000 0.00000 0.0o0co 0.00000 Q.00000
NpO2iC0312=~ NpQO2 (Q03)3==- 0.00000 0.00000 0.00000 {4.00000 0.00000 0.00000 0.0ccod 0.¢e0Co 0.00000 0.00000
NpO2{C03) 2=~ H2PC4- 0.00000 0.00000 0.00090 0.00000 0.00000 0,00000 0.00000 p.ogeco 0.00Q00 0,00000
NpO2{C03)2=-  HPQ4= 0.00000 ©0.00000 ©0.00000 0.0000C 0.00000 ©.0000C 0.000C0 ©0.00CCO  ©.00000 0.00000
NpO2(C03}2=-  POd=- 0.00000 ©0.0C00C  0.0C000  5.00000 0.00C00 0.C00OC  0.00000 OQ.0COCC  Q.00000  0.00000
NpO2{CO3}3%s- H2PO4d~ 0.0c000 0.0c000 0.06000 0.0000C 0.00000 0.00000 0.00000 0.060C0 0.00000 0.00000
NpO2{C03}3==- HPG4= 0.00000 0.00000 0.00000 0.00000C 0.00000 0.c0000 0.00000 0.00000 0.00000 0.00000
NpO2 (CO3)3==- POd=- 0.00000 0.00000 0.00600 0.d0000 0.00600 a.cocoo 0.00000 0.00000 0.00000 0.00000
HZPD4- HPC&L= 0.00000 0.00000 0.00000 0.0000C 0.00000 0.0G000 0.00000 0.000(0 0.00000 0.00000
H2PO4~ PO4=- o.ocC00 0.00900 0.00000 0.0Q000 9.00000 0.00000 0.00000 9.00000 Q.00000 9.00000
HEO4= PO4=- 0.00000 0,00000 0.00C00 0.00006 0.00000 0.0GOOC 0.00000 0.0000C 0.00000  0.00000

Thet+++ UD2++ NpO2+

S504= 0.00000 0.00000 0.00000

H504 - 0.000Q0 0. 60000 0.00000

OH- 0.00000 0.CO000  D.00000

HCO2- 0.00000 0.0C0000  0.00000

CQ3= 0.¢0000 0.00000 0.00000

BIOH} 4~ 0.00000 ©0.,09000  0.00000

B303(OH}4- 0.00000 0.0000C  0.00000

B4OS{QH} 4= 0.0080G0 0.0000C  0.00000

Br- 0.0000C0 0.00000 0.06000

Am{C03}2- 0.000CD 0.0800C 0.00000

Am{CO]} 3=~ 0.000C0 0.00000  0.00000

Cl04- 0.00CCC  0.00000  0.00000

NpO2 {0H) 2~ 0.0G000 0.08000 0.00000

Np02C03- 0.0G000 0.0¢000 0.00000

RNpO2 {C03) z=- 0.oceRo 0.00000 Q0.00000

RpO2 (C33)3==- 0.0000C ©.00000 0.00000

H2PO4 - 4.00000 0.00000 0.00G00

HPO4= 0.00000  0.00C0D  0.00000

POd=- 0.0000C 0.00C00  0.00000
504= HS04- 0.00000 0.00000 0.00000
so4x OH- 0.00000  0.00000  0.00000
SO HCO3 - 0.00000 0.00C00  0.00000
S04= CO3= 0.00000 0.00000 0.00000
S04= B{OH)4- 0.00000 Q.00000 0.00000
S04d= B30O3 (CH}4- 0.00000 0.00600 0.00000
SO4= B4OS (CH) 4= 0.00000 0.00C0C  0.00000
S0&= Br- 0.00000 0.00000 ©0.00000
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504= Am{C03) 2~ 0.000C0 0.00000  0.00000

Am{C03) 3=~ 0.00008  D.DOO0D  0.00000
c104- 0.00000 ©0.0000C  0.00000
NpO2 (OH) 2- 0.00000 €.0000C  0.00O00
NpO2C03- 0.00000  £.00000  0.00000
NpO2(CO3)2=- 0.00000 0.00000  0.00000
Np02{CO3)3==« 0.00000 ©.0Q000  0.00000
H2PO4- 0.00000  0.00000  0.00000
HPO<= 0.00000 ©.00000  0.00000
POG=~ 0.00000 €.00G00  0.0000C
oH- 0.60000  §.00000  0.00000
HCO3~ ¢.00000 £.0000C  0.C000C
co3= 0.00000 0.0000C  0.0000D
BIOH) 4- 0.00000 0.00000  0.CCO00
B303 (0M) 4- 0.00000  0.D000G  0.0C000
BLOS{ON} 4= ©.00000  £.000D0  D.0DOOD
Br- 0.0000D0  0.00000  0.0000C
Am{CO3}2- £.00000 £.00C00  0.00000
Am{CO3) 3= 0.00000 0.00000  0.00000
€104~ 0.00000 0.00000  0.00000
NpOZ {OH) 2- 0.00000  0.00000  0.C0000
NpO2003- 0.00000  £.000D0C  0.C0000
Np0O2 1003 ) 2=- 0.20000  £.00DDD  0.5D00D
RpOZ (¢O313==- D.00000 0.00000  0.000CO
H2PO4- 0.90000 ©0.00000  ©.00000
HPO4= 0.00000  0.00000  0.0000C
PO4=- 0.00000 0.00C00  ©.00000
HCO3-~ 0.00000 ¢.00000  0.00000
co3= 0.00000  £.00000  0.08000
BIOH) 4- 0.00000  0.00000  0,00ROD
B303 (0K} 4- 0.00000  0.00000  ©.00000
B4OS (OH) 4= 4.00000 0.0000%  0.0000C
Br- 0.00000  0.00000  §.0000C
nm(CO3)2- §.00000  0.00000  §.00000
Am{CO3) 32— 0.00008  0.00000  0.00000
Cl04~ 0.Q0000  0.00800  ©0.00000
NpOZ{OH) 2~ 0.00000  0.00CLO  0.000D0
Np02C03- 0.00000  0.00000  0.00000
NpO2(C03)2=-  0.00000  0.C0000  0,00080
RpO2{CO3)3==-  0.00000 0.00000  0.00080
H2PO4 - 0.0000C 0.00000  0.000C0
HPO4= 0.00000  0.00000  0.000CC
PO4=~ 0.00000 000000  ©.0000C
col= 0.00000  ©.00000  ©.0000C
BIOH) 4- 0.00000 ©.00000  ©0.00000
E303 (OH) 4= 0.00000 0.00000  0.00000
B40S (OH) 4= 0.00000 0.00000  0.00000
Br- 0.006000 0.00000  0.00000
Am{CO3}2- 0.06000 0.00000  0.00000
Am(CQ3) 3=- 9.00000 0.00000  0.00GCD
clod~ 0.006C0  0.00000  §.000CD
NpOZ {OH} 2- 0.00000  0.00000  0.00000
MpO2CO3- 0.00000  0.00000  0.00000 -
RpO2 (€03} 2= 0.00000  ©.00000  0.00000 *
NpO2 (CO3}3=a2-  0.00000  ©.00000  0.00000
H2PO4— 0.08800  0.00000  0.00000
HPO4= 0.00000  0.00000  0.00000
PO4=~ 0.00600  0.00000  0.006CO
B(OH) 4~ £.00000 6.0000C  0.0C000
BIC3 (CH) 4~ 0.00000  0.0000C  0.00000
B4OS {OH} 4= 0.00000  £.00000  0.00000 .
Br- 0.00000 0.00000  0.00000 R
Am(CR3]12- 0.00000 ©.00000 ©0.00000
Am{CO3)3=- 0.00000  0.00000  ©.00000
ClO4- 0.00000 0.00000  0.00000
NpC2 {OH) 2~ 0.00000 ©.00000  0.00000
MpO2C01- 0.00000 0.0000¢  0.D00O0
RpO2 (003 }2=- 0.00000  ©.00000  ©.0C000
NpO2{CCA)3==- 0.00000 ©.00000 0.0C000
H2PO4 - 0.00000  0.00000  ©.00000
KPO4= 0.06000 0.00000  0.00000
POA=- 0.00000  0.00000  0.00000
B3C2 {GH) 4~ 0.00000  ©£.0000C  0.00000
B4OS {CH) d= 0.00000  0.00000  0.00000
Br- 0.00000 6.00000  0.00000
Am{CO3)2- 0.08000  ©0.00000 0.00000
Am{CO3) 3= 0.00080 0.00000  0.00000
Clo4- 0.00000  0.00000  0.DO0OO
NpOZ2 (OH) 2~ 0.00000 0.00000  ©.0000C
NpO2CDI- 0.00000  £.00000  ©.00000
NpO2{C03)2=- 0.00000  0.00000  0.00000
NpOZ (€03)3==-  0.¢0000 ©£.00000 0.000CC
H2PC4— 0.00000  0.00000  0.00000
HPO4= 0.00000  0.00000  0.00000
B(OH}4- PO&=- 0.00000  0.00000  0.00000
B203 (OH) 4~ BAOS (OH) &= 0.00000 0.00000  ©0.00000
B30I {CH) 4~ 8r- ¢.00000  €.00000  0.00000
B303 (OH) 4= Am(CO3)2- 0.00000  ©£.00000 0.00000
B303 (OH) 4~ Am(CO3 3=~ 0.00000  0.04000  0.00000
B303 (CH) §- 104 0.00000 0.00000  0.00Q0C
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B303 {OK14-
B303 {0HI4-
BIQ3{OHI 4=
BIO3{OH} &~
B3O {CH) 4~
B30} (OH} -
B30I (OH) -
B4QS (OH) &=
B40S (QH) 4=
B4OS (OH} 4=
B40S (OH} 4=
B3OS (OH) 4=
B4QS (OH) &=
B4QS (OH) 4=
B4O5 (OH) 4=
BAQS (OH) 4=
B4OS (OHM=
BAOS (OH} 4=

Am|CC)2-
Am[COd) 2~
Am{CO3)2-
Am{CO3)2-
Am{cod)2-

A QO3 2-
Am[CO3)2-
Am(CO3)2-
Am(CO3)2-
Am{C0O3)3=-
Am{CO3)3=-
Am{C03) 3=~
Am{CO3) 3=~
Am{C033=-
Am{C03) I=-
Am{C03)3=-
Am{C03) 3=-
Clod-

clod-

clod-

104~

Clo4-

Clo4-

clo4-
NpOZ{OH) 2~
NpO2Z {0d) 2-
NpO2 {OH) 2-
NpC2{0H) 2~
NpOZ2 {OH) 2-
NDO2 [OH) 2-
NpO2CO3 -
HpO2C03 -
NpO2C0d-
RpO2C03-
NpO2C03-
NpG2(C03) 2=-
HpCO2{C0312=-
NpO2{C03}2=-
NpO2 (60312~

H2PO4 -
H2PO4 -
HPCHd=

NpO2 {C03) 3==~
Np0O2 (CC3) 3==-
NpO2 (CO3) I==-

RpOZ {OH)2-
NpO2C03-

NpOZ {CO3) 2=~
NpO2 (CO313=x-
H2PO4-

KEPG4=

PO4=~

Br-

Am(C03) 2~
Am(C03) 3=~
104~

NpG2 (OB} 2-
NpO2003 -

NpO2 {0031 2%
Np0O2 {C03) 3==-
H2PO4-

HPO4=

PO4=-
Am{CO3)2-
AniCO3) A==
€104~

NpCZ (OK) 2-
NpO2C03-

MpO2 (C03)2=-
NpO2 {003} 3===
H2PO4-

HpOd=

PO4=~

Am(CO3} 3=~
Clo4-

NpO2 (OH) 2-
Np02C0o3~
NpO2(C03) 2=-
RpO2(CO3) 3==-~
H PG4~

HPC4=

PO4=-

£104-

NpO2 (OH) 2 -
NpO2C03-

NpOZ (CO3} 2=~
Np02 (C03) 3==-
H2PO4-

HPOd=

PO4=-

NpOZ (OH) 2=~
Np02003-

NpO2Z (CO3)2=-
Np0? (CO3 ) 3=x-
H2PO4 -

HPO4 =

POd4="~
NpO2CO3~

NpO2 (CO3) 2=~
Np02 (063 ) I==-
H2PO4-

HPDS=

POd=-

NpQ2 ({CO3} 2=~
Np02 [C03) Jz=-
HZPO4-

HPO4=

PO§=-

NpO2 (CC3) I=-
H2PO4-

HPO4=

POd=-

H2PO4-

HPO4=

POd=-

HPO4=

PO4=-

PO§=~

Neutral-Cation Binary Inceractions:

co2 (ag)
0.10000
0.05100
¢.18300
0.18300
0.00000
0.00000
0.00000
0.00000
0.00000
0.09000
0.00000
0.00000
0.00000

0.0000C 0.00000
¢.00D0C 0.c0000D
0.00000 0.00000
0.00000  0.00000
¢.00000  0.00000
©.00000 0.00000
0.00000 0.00000
0.00000 ¢.00000
0.00000 ©.00000
0.00C00  ©.0000C
0.00cco0  ©.0000C
0.00000 ©.00000
6.00000 0. 90000
0.00000 0.90000
0.00000 0.0000C
0.00000  0.000900
0.00000 0.0C000
0.00000 0.00000
0.00000 0.00008
09.00000 Q.00000
4.00000 0.00cch
0.00000 0.000C00
0.0C000 0.00000
0.00000 0.00000
0.00pOD  D.ODOOD
0.00000 Q.0C000
0.00000  0.00000
0.00000 0.08000
0.c0Q00 9.04000
0. 00000 ¢.06000
0.030000 0.0000%
0.c0000 9.0¢000
0.00000 0.0c000
0.60000 0.0000¢
0.00000 0.0%000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000  0.0000C
£.00000 0.00000
0.00000 0.C2000
0.00000 0.p2000
0.00000 0.00000
4.00660 0.40000
0.00000 ©.0000C
0.00000 0.00000
0.00G00 0.90000
0.00000 0.00000
0.00000  ©.00000
0.00c00 0.00000
0.00060 0.00000
0.00000 0.Q0000
0. 00000 D.00DDD
0.00000 0.00600
0.00000 9.00000
0.00000 £.00000
2.00000 0.00000
0.00000 0.oo0DOC
{.00900 0.00000
0.00000  0.0000C
0.00000 0.00000
0.00c00 0.00000
0.00000 0.00000
0.0d000 0.00000
0.60000 0.00060
0.00000 0.00000
0.00000 C¢.00000
0.00900 ¢.00000
0.00000  0.0000C
9.00000 0.00000
0.00660 0.00000
¢.00000 0.20030
0.60000 9.00000
lambda{n, )
CaCO3fag) MgCQl{ag)
0. 000060 0.c0000
0.00000 0.00000
C.000G0 0.c0000
G.C0000 0.00000
{4.00C00 0.00000
0.00000 ¢.00000
0.00000 0.00000
0.00000 ©.00000
0.00000 0. 00000
0.00000 0.00000
0.000060 0.co000
0.000060 0.c0000
0.00000 0.00000

0.00000
0.00000
0.00000
3.00000
9.00000
0.00000
0.cgooo
0.CoooC
0.00000
0.00000
0.00000
0.00000
0.00000
0.00Q00
0.00000
0.00000
0.00000
0.00000
o.00000
©.00000
G. 00000
0.00000
0.00000
0.00000
D.0pDDR
¢.00000
0.00000
0.00000
0.00000
@.%0000
©.00000
©.0Q0060
0.000c0
©.00080
0.00000
0.00000
0.00000
0.00000
0.00000
9.00000
0.00090
©.00000
0.00000
a.066000
0.0000C
0.0000¢
0.00000
0.o0000
0.00000
0.00900
Q.00000
0.00000
0.00000
¢.0o00C
0.0%000
0.09000
0.c0000
0.0000¢
0.co0000
0.¢oo00
0.00000
0.00000
0.00009
0.00000
0.00000
0. 00000
0.00000
0.00000
0.¢ogoo
0.00000
0.00000
. 00000
0.00000

BIOH)3 lag) NpO20H(ag) HIPO4{ag)
.Q0000
00000
.00000
. 00000

.09700
. 14000
.00000
. 00000
.Goooe
- Goo0o
.00000
-Gooo0
-hopoo
-009000
.0eooo
.0000Q0
.00000

OO0 O0O00D0O0 DO

OO0 o0 oo

00GC0O
ogceo

.ocooe
.0000C

00000

.Qo000
.go000
Q0000
. 00000

(=3 -3 - =R I s B = B R e s s ]

.0DoDD
Q7000
.00000
.00000

oooee
25000
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Neutral- Anion Binary Interactions: lambdain,a)

co2{aq) CaCO3 (ag) MgDO3(ag) B{0H}3{ag) NpOZ0H{aq) H3PO&4(ag)
cl- -0.0050C G.00000 0.0000C 0.09100 0.G0000 0.00000
504= 0.0970C 0.00000 0.06000 7.01800 0.00000 0.00000
HS04~ -0.0030C 0. 00000 0.00000 0.00000 0.00000 0.00000
OH- 0 .0000C Q.00000 0.00000 0.00000 0.c0000 0.00000
HCR3- a.o0000c¢ 0.00000 0.0000C 0.¢0000 0.00000 0.00000
ce3= 0.0000C 0.00000 0.00000 0.00000 0.00000 0.00000
BI{OH) 4- 0.00000 0.00000 0.00000 04.00000 0.C0000 0.00000
B103 (OH)} 4~ 0.0000C 0.00000 0.00000¢ -0.20000 0.00000 0.00000
B4OS (QH) 4= 0.0000C Q.00000 0.00000 0.00000 0.00000 0.00Q00
Br- 0.0000C 0.00000 0.00000 9.00000 0.60000 0.00000
Am{CO3)2- 0.0000C 0.c0000 0.00000 0.00000 0.00000 0.00000
Am{CO3} 3=~ 0.0000C 0.00000 0.00000 3.00000 0.00000 0.00000
C104- Q,0000C 4.00000 0.00000 0.00000 0.00000 D.c0000
NpOzZ {OH12- 0.0000C 0.cogQoo 0.00000 9.00000 0.00000 0.06300
NpO2003 - 0.0000¢C 0.60000 0.00000 0.00000 0.00000 0.00000
NpO2 (C03) 2=~ {Q.0000C 0.60000 0.00000 0.00000 0.00000 0.ee000
NpO2 (C03) 3==- 0.0000C £.09000 0.00000 0.00000 2.00000 0.o00o00
H2PO4- 0.9000C 0.00000 0.00000 0.06000 .00000 ~0.40000
HPC4= 0.Q000C 0.00000 0.00000 0.00000 0.0C000 0.ceo00
POA=- 0.0000C €.ooo00 d.00600 0.00000 0.0C000 0.60000

Neutral-Cation-Anion Ternary Interactions: 2zeta(n,c,a)

C02 (aq) Cago3 (ag) MgCO3(ag) B{OH}3{ag NpO20Hlag H3IPO4 (aqg)

cl- 0.00000 0.00C00 0.00000 C.00000 0.c0000 0.00000
504= 0.c0000 0.00C00 0.00000 C. 04600 0.0go0C 0.00000
HS04-~ 0.00000 {.00000 0.00000 0.coo0C ¢.coo000 0.00000
OE- 0.o00000 0.00000 0.00000 ¢.coooe ¢.co00¢ 0.00C00
HCO3- C¢.09Q000 0.00000 0.00000 0, 09000 ¢.coooc 0.0D6AD
cO3= 0. 00000 Q.00C00 0.00090 0.ogooc 0.00000 0.0000C
B(OH)4- 0.00000 0,00000 0.00000 ¢.00000 0.0000C 0.00000
B303 (OH) 4~ 0.00000 0.00000 0.00000 G.00000 0.chooc 0.00000
B405 {OH) 4= 0.cQoco 9.00000 0.00000 0.0o00C 0.00000 0.00000
Br- 0.60000 0.00C00 0.Q0000 ¢.ooooC €. 00000 0.00000
AmM{CO3)2- 0.00000 0.00000 0.Q0000 C. 00000 0.00000 0.00000
Am{CO3) 3=~ 0.00000 Q.00000 0.00000 0. 00000 0.00000 0.00000
Cl04- 0. 00000 0.00000 0.00000 0.00000 0.60000 0.00000
NpOQ2 (DH) 2- 0.ch000 {.00000 0.00000 0.045000 G.Ccoooe 0.00000
NpO2CO3 - 0.¢c0000 0.00000 0.00000 0.C60000 0.00000 0.00000
NpO2 [CO3)Z=- 0.coo00 Q.06000 0.000900 0.0000C C.caooc 0.00000
NpO2 (C03)I==- 0.6o000 0.00000 0.00000 0.00000 0.00000 0.00000
H2PO4- 0.00000 0.00000 0.00000 0.00000 Q. ocoo0c 0.00000
HPOQ4= 0.00000 0.00000 0.00000 0.00000 0.Ccoo00C 0.00000
PO4=- 0.c0000 4.00000 0.00000 0. 00000 ¢.00000 0.00000
Cl- 0.00000 Q.00000 0.00600 0.00000 ¢.00000 0.00000
S04= 0.00000 0.00000 0.00000 0.c000C  .00000 0.00000 P
HS04- 0.00000 0.00009 0.00000 €. 00000 0. 00000 b.00c00 !
OK- 0.00000 0.00000 c.gocco ©.00000 ©0.00000 0.00000 '
HCO3- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
CQ3= 0.00000 0.00000 0.900000 0.00000 0.00000 ¢.00000
B(OH)4- 0.¢o000 0.00000 ©¢.o00D0C 0.00000 0.00000 0.0%000
B303 (OH) 4~ 0.00000 6.00000 0.Qo000 0.00000 0.00000 0.04000
B4QOS5 (OH) &= 0.00000 G.00000 0.00000 0.00000 0.00000 ¢. 00000
Br- 0.00000 0.00000 €. 00000 0.00000 0.00090 ¢. 00000
Am{CO3)12- 0.00000 0.40000 0.00000 0.00000 0.00000 ¢. 00000
Am{CO3) 3=~ 0.00000 0.400000 0.00000 0.00000  0.00000 C.C0000
Clo4- 0.00000 0.0000%  0.00000 0.00000 Q.00000 0. 00000
NpQ2 (OH) 2~ 0.00000 0_0000C 0.00000 0.00000  0.000C0 0.600C0
Np0O2C03- 0.00000 0.00000 0.00000 0.00000  0.00000 0.60000
MpO2 (CO3) 2=~ 0.00C00 0. 00000 0.00000 0.00000  0.00000 0.c00C0
RpO2{CO3) 2a=— 0.000C0 0.00000 0.00000 0.00000  9.000C0 0.0¢000
HZPO4- 9.000C0 0.c0000 0.00000 0.00000  9.000C0 0.00000
HPO4= 0.00000 0.00000 0.00000 9.90000 0.000C0 0.0C000
PC4=- 0.00000 0.00000 0.00000 0.000C0 0.00000 0.00000
Ci- £.00000 0.00000 0.00000 0.09000 0. 60000 0.00000
504= £.0000¢C 0.00000 0.00000 0.9000c0 0.coooc 0.00000
HS04- 0.Qo000 0.00000 9.00000 G.00DCO 0.Coook 9.00000
OH- ¢.0o000 0.00000 0.00000 6.00000 0. o000 0. 00000
HCQJ - 0. 00000 0.0cc00 0.00000 ¢. 00000 0.00000 0.00G0¢
col= 0. 00000 0.00000 0.00000 C.0000¢ ©.COO00 0.00c00
B(CH)4- 0.00000 Q.00600 0.00000 ¢.c000C¢  £.00000 Q.00000
B303 (CH}4- ©.00000 Q.00000 0.00000 0.00000  0.00000 9.00000
B4C5 (OH} 4= 0. 00000 0.00000 0.00000 0.00000 0.00000 D.00000
Br- 0.00000 0.00000 0.Q0000 0,00000 0.00000 0.90000
Am(CO3)2- 0. 00000 0.00000 o.gocee 0.00000 0.00000 0.00000
Am(CO3)3=- 0.00000 ©.00000 ¢.oo00e 0.00000 0,00000 0.00000
Cl04- 0.00000 ¢.0Q000 . 00000 0.00000 0.00000 0.c0000
NpO2 (CH) 2~ 0.00000 0.00000 0.0000C 0.00000 0.00000 ©.60000
RpO2C03 - 0.00000 0.90000 2.00000 0.00000  0.00G00 0.000G0
NpOZ (CO3} 2=~ 0.00000 G¢.ooooe 0.00000 0.00000  2.00000 0.00000
NpO2 (CO3} ==~ 0.Q0000 0. 00000 0.00000 0.00000 0.Qooco 0.00000
H2PO4 - 0.00000 0.00000 0.coooo 0.00000  0.00000 0.0G000
KPO4= 0.00000 0.00000 0.00000 0.00000  0.000C0 0.0Cc000
PO4=~ 0.00000 0.00000 0. 00000 0.00000 0.00000 0.00000
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Mg cl1- 0.00000  0.0000C 0.00000 £.00000 0.00000  ©.00000
Hgee Sod= £.00006  £.00000 0.00000  $.00000 0.00000  0.00CG0
Hgrs HSO4- 0.00000 0.00000 0.00000 ©0.00000 0.000G6  0.00000
Mg+ OH- 0.00000 0.00000 0.00000  0.0000C  0.000CG  ©.00000
Hg+e HCC3 - 0.00000  0.0C000  0.00000  0.0000C 0.00000  0.00000
Mg+ co3= 0.00000  0.00000 0.00000 0.00000 0.00C00  0.00000
Hg+s BIOH- 0.00000 0.00000 C.00000  0.00000 0.00000  C.00000
Mg+ 8303 {OH) ¢~ 0.006C00  ©.0000C ©.00000 0.00000  €.00000 C.00000
Mg+ B4OS5 {OH) 4= 0.00000  0.00000 0.00000 ©0.00000 0.00000 ©.0000D
Mg+ Br- 0.00000  0.00000 0,00000 ©.CO000 0.00000  0,00000
Mg+ Am(CO3)2- 0.0000p  0.00000  0.00000 ©.00000 0.C0000  0.00000
Mg+s Am(CO3) 3=- 0.00000 0.00000 0.00000 £.00000 0.00000  0.00000
Mg+e C104- 0.00000  0.00000  0.0000C  ©.00000 0.00000  O.00000
Hges RpO2 (OB} 2- 0.00000  ©.00000  G.0000C  0.00000  0.00000  0.00000
Mg NpO2C03- ©.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
Mges NpOZ(CO3j2=- a.0003¢ 0.¢0000 ¢.00000 0.0CGCo 0.00000 0.00000
Mges FpC2{CC3)3==-  0.00G00  ©0.CO000  ©.00000 ©0.0CUDO  ©.00000  ©.0000O0
- Mg++ H2ZPC4- 0.00GC00 ¢.c0000 0.00000 0.00000 0.00000 &.00000
Hgre HPO4= 000000  0.00000  0.00000  0.00000  (.00000  0.00000
Mg++ PGa=- 0.00000  ©.00000 0.4000C ©0.00000 ©.D00OG  0.00000
MgOH+ c1- ©.00000 0.00000 0.00000 ©.C0000 0.CDQOD  0.00000
MgOH+ 504= 0.c0000 0.00000 0.00000 G. 00000 0.00000 9.00000
MgOH+ HS04~ 0.goago ¢. 00000 0.00000 0.00000 0.00000 0.00000
MgOH+ CH- 0.00000 £.000C0  0.0000¢  0.00000 0.0000C  0.00000
MgOH+ HCO3- 0.00000 0.00000 0.00000 0.060000 G.c0000 0.00000
MgOH~ ca3= ¢. 00000 ©.000C0 0.00000 G.00000 0.00000 9.00000
MgOH+ B(OH) 4~ 6.0000C ©0.00000 0.06000 ©£.00000 0.00000  0.00000
MgOH- B303 (OH) 4~ 0.00000  ©.00000 ©0.00DC0  ©£.00000 0.00000  0.00000
MgOH~+ B40S [OK) 4= ©.00000 0.00000 Q.00000 0.00000 0.00000 0.0D00CO
MgGH+ Br- 0.000060 0.0c0ad . 00000 0.00000 0.00000 ©.00000
MgOH~ Am{CO3}2- 0.00000  0.00000  0.00000  0.000C0  0.00000  C.00000
MgOH+ Am{C03}3=- 0.00000  0.00000 C.00000 0.00000  0.00000  C.00000
MgOH- C10¢- 0.00000  0.0000C  ©£.00000  0.00000  0.00000  C.00000
MgOH~ NpOZ {OH) 2- 0.00000  0.0000C  0.00000  0.00000 0.00000  (.00000
Mgk~ NpOZOO3- 0.00000  0.00000 0.00000 0.00000 0.00000  C.00000
MgOH- Npo2iCO3)2=-  0.00000  6.0Q00C  0.0000C  C.00000  0.00000  ©0.00000
HMgOH~ NpOZ(€O3)3==-  0.00000 0.00000  0.00000  £.00000 ©.00000  ©0.00000
MgOH+ HZPO4- £.00000 CG.00000 0.00000C 0. 00000 0.¢c0000 0.00000
MgOH+ HPO4= 0.00000 C.00000  0.00000 £.00000 ©.00000  O.00000
HgOH~ PO4=- 0.00000 0.00000  0.00000  ©.00000 ©.00000  D0.00000
e cl- 0.00000  ©0.00000  0.00000 -0.01020 ©0.00000  O.00000
H+ 504= ¢.00000 0.00oDCO g.ocoac 0.00000 0. 00000 0.000C0
He HSD4- 0.00000  0.00000  ©.06000 0.00000 0.00000  ©.00000
OH- 0.00600 0.GJ00C  0.0000C 0.00000 C.00000  C.00000
HCO3- 0.00000  0.0000C ©.00000 0.008CO  (.00000  ©.00000
co3= 0.00000  0.00006  0.00000 0.00000 0.00000  0.00000
B{OH}4- 0.00000  0.00000  0.00000 0.00000 0.00000  0.00000
B303 (OH) 4- 0.00000 0.00000 0.00000 ©.00000 ©6.00000  0.00D0C
BAOS (OH) 4= 0.0000¢  ©0.00000 0.00000 0.00000 0.00000  0.00000
Br- 0.0000¢ 0.00000 0.0000C ©.00000  (.00000  Q.00000
Am(CO3)2- 0.00000  £.00000 0.00000 ©.00000 0.00000 0.00000
Am(CO3) 3=~ £.00000  ©£.00000 0,00PP0  C.00000  0.00000 0.00000
€104~ 0.00000  ©.00000 0.000G0  0.00000  0.00000  0.0000C
HpO2 (OH) 2~ £.00000  0.00000 0.00DO0  0£.00000 0.00000  0.00000
NpO2C03- £0.00000  0.00000  0.06000  0.00000 0.00000  ©.000C0
NpOZ (CO3)2=-  0.00000  0.00000 0.000C0 0.00000 ©0.00000  0,00000
NpO2 (CO3}3==- C.00000 9.00000 0.0C000 0.00000 0.00000 0.00000
HZPO4- 0.05000  0.00006 ©.00000 0.00000 0.00000  0,00000
HPO4~= 0.00000 0.0000C C.00000 0.00000 0.00000 C.00000
POd=- 0.00000  ©0.0000C  0.00000 0,0000Q  0.00000 C.00000
MgE{QH) 4+ c1- 0.00000  0.0000C  £.0000C  0.00000 0.00000  G,00000
MgB (OH) 4+ s0a= 0.60000  0.00000 ©£.00000 0.00000 0.00000  0.00000
MgB{0H) 4+ HS04 - ©.00000 C.00000 0.00000C 0.00000 0.00000 C.D0000
MgB{OH) 4+ OR- 0.00000  0.00000 0.00000  0.00000  0.00000  4.00000
MgB {OH) &= HCO3~ 0.00000  0.00000 ©.00000  0.00080 0.00000  0.00000
MgB{OK) 4+ co3= ©.00000  £.00000 0.00000 0.00000 0.00000  0.00000
MgB (0K} 4+ B(OH}4- 0.00000  £,00000 0.00000 0.00000 ©.D0000  C.00000
MgB {0} 4+ B303 (OH) 4- 0.00000 0.00000 ©0.00000 ©0.00000 0.00000  0.00000
MgB{QH) 4+ B4O5 {OH} 4= 0. 00000 0.00000 9.00000 0.cco00 0.00000 C.0Q000 —_—
MgB{OH! 4« Br- 0.00000 C¢.Q0000 0.0000C 0.00000 0.00000 0.00000 3 .,
HgB{QH) 4+ Am(CO3)2- 0.00000- ©.00000 0.00000 ©6.60000 ©£.00000 0.00000 B
MgE(QH| d+ Am(CO3 [ 3=- 0. 00000 0.0cc0o0 0.00000 0.00000 0.00000 0.060000 ‘{é{"n\ .
MgB(OH} 4+ C104- 0.00000 0.0GC00 0.00000 0.00000 0.00000 0.00C00 .
MgB(OH) 4+ NpO2{0H) 2~ 0.00000 0.00000 0.00000 0.00000 0 .0000C 0.00C00 ‘
MgB(CH} 4+ NpOZC03 - 0.00000 0.oc000 0.00000 0.00000 0.00000 0.00000
MR CH) 4+ NpOZ(CO3)2=-  D0.0C000  0.00000 0.00000  9.00000  0,00000  0.00000
HgBI(OH) 4+ Np02 (C03)3=x- 0.00000 0.c0000 0.080000 0.00000 0.00000 0.06000
MgB(CH) 4+ H2PO4- 0.00000 0.00J00 0. 00000 0.00000 0 .00000 0.o00eg
MgB(QH) &« HPO4= 0.coooo o.ooa00 0.00000 0.00000 0.00000 0.o00co0
MgB{CH} 4+ POd=- 0.00000 0.00990 0.00000 0.00000 0.00000 0.00000
CaB(OH} 4+ cl- 0.00000 0.CcCo00 £.00000 0.060000 0.00000 0.00000
CaB{CH) 4+ 504= 0.00000  0.00000 0.00000 0.0000C 0.00000  0.00GOO
CaB(OH) 4+ HSO4 - 0.60000  0.00000 0.00000 0.0000C ©0.00000  0.00000
CaB (OH} 4+ QB- 0.00000 0.00000 0.90000 0.00000 0.00000 0.0ceod
CaB{OH) 4+ HCO3- 0.00600  ©.00000 ©0.00000 0.0000C ©0.0000C  ©0.00000
CaB{OH} 4+ co3= 6.00006  ¢.00000 G.00000 ©.00000 C.00G00  C.000CO
CaB (ORI 4+ BIOH)4- 0.0000C  0.00000 0.00000 ©0.00000 ©.00000  ©,00000
CaB{OH} 4+ BIO2{OH} 4~ 0.00000 0.00000 0.060C0 0. 00000 ©.c0000 ©.00000
CaB(OH) d+ B4C5(OH} 4= 0.00000 Q.00000 0.0C0C0 G. 00000 0.¢0000 0.4Q0000
CaB (CH) 4+ Br- 0.00000 0.00000 0.00000 ©,00000 ©£.0000¢  0.00000
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CaB{OH) 4+ Am(CO3)2- 0.00000  0.C0000  0.00000  £.00000  C.OCOOO  0.00000
CaB{OH)I 4+ Am(CO3)3=+ 0.00D00  0.00ODD  0.0000D ©.00000  0.ODCDD  0.ODODD
CaB{OR}4~ C104- ©.00000  C.0DOOC  ©.00000 ©.00000 0.00C00  D.00DOD
CaB{0H} 4+ NpO2Z (OH} 2~ 0.00000  0.00000 0.00D00  £.00000 0.00000 0.0CO00
CaB {OH) &+ NpO20032- 0.00000 ©.0000C ©.00000 ©.C0000 0.00000  Q.GCOOC
CaB{CH) 4+ NpO2 (Co3) 22~ ©,00000 0.00000 ©.00000 ©.00000 0.00000 0.0COOQ
CaB (CH) 4+ Np02(CO1}3==-  0.00000 0.00000 0.00000 €.00000C 0,00000 0.00000
CaB(OH 4+ H2POL~ 0.00000  0.DODOL  ©.00000  0.0DDOD  D.00CA0  D.00POD
CaB(OH) 4+ HPO4= 0.0C00O0  0.000C0 0.00000 0.0000D 0.000DD  0.00000
CaB(OH) 4+ POd=- C.00000  0,00000 0.00000 0.00000 C.C0Q00  0.00000
I Amesr c1- G.0000q 0.00000 0.00000 4.00000 c.ooooo 4.00000
Cee Amtess S04= 6.00000  0.0¢000  ©.00000 0.00GEO  ©.0CO00  0.00000
[RRO Ty H504- 0.00000 §.00000 0.00000 0.00000 0.00000 4.00000
7L Afees OH- 0.00000  0.00GCO  0.000C0 0.000DC  0.0C000  0.00000
7 Rmmess HCO3- 0.00000  0.00000 ©0.00000 £.Q0ODC  0.00000  0.00000
co3= 0.00O00  0.00DOD  0.00D0DD  D.OBODG  ©.DOOOO  0.0OOOO
BIOH) 4~ 2.00000 0.00000 0.00000 0.00000 0.0000C  0.00COC
B3D3(DE)Y4- 5.00000  0.00080  0.00000  0.00000  0.0000C 0.000CC
B4OS (OH) 4= 0.00000  C.Q0000 0.00000  0.00000 0.00000 ©0.00000
Br- £.00000 0.0000OC ©.00000 ©.00000 0.00000 D.00000
AM{T03)2- 0.00000  ©£.00000¢ ©0.00000 C.00000  0.00000 0.00000
AM{CO3)13=- ©.00000  0.00000 ©.00000 (.0Q000  0.00G00  0.00000
Clo4- £0.00000  0.0200¢ D.00000 ©.00000 0.00000 ©.00000
NpO2 (OH) 2- 0.00000  0.9000C £.00000 0.C0Q00  0Q.000Q0  0.C000D
NpO2C03- 0.00000  C.00000 0.00000 0.CDOO0  ©.00000  0.0OGOD
NpO2 (CO3 ) 2=- 0.300400 0.00000 £.00000 0.0p0C0 9.00000 G.00000
NpO2(CO3}3==-  0.00000 ©.4200¢ 0.00000 0.00000 0.0000C  ©.0000D
H2PO4- 0.00000 0.00000 ©0.00000 0.00000 @.00000  0.00060
HPO4= 0.00000  0.00DCO  O.000CD  £.00000  D.00OOO  D:I0ONOO
POA=- 0.00000  ©.0UOOL  0.000DD  0.OROO0  D.OODBC  D.DOODD
c1- 0.00000 0,0000Q0 ©,00000 0.00000 0.00000 0.0COOC
s0d= 0.00006  0.00000 0.00000 0.00000 0.0000C 0.00000
H504- 0.00006  0.00000 0.50000  0.00000  0.00000  0.0000C
OH~ 0.00000  0.00000  0.00000 0.00000  0.Q000C  0.00C00
HCO3- 0.6000C  0.0000¢ 0.C0000 0.00000 ©0.00000 0.000DC
CO3= 0.00000 0.00000 C.0ODOD  0.000CO0  0.00000  0.0000C
B(OH} 4~ 5.0000C  0.00000 0.00000 0.00000 ©.00000  0.000D0
B303 (OH) &~ 0.00000  0.00000 0.00000 0.00000  ©.0Q000  0.000DC
B405 (OH} 4= £.00000  ©,00000 C.0000¢ O.00000 0.00GGG  0.0GI00
Br- 6.00000  C.g0DO0  0.0UL000  ©0.G0000  ©0.00000  0.0000D
Am(CO3)12- 6.00000  0.00000 €.00000 0.00000 ©.00000 0.00000
AmM{CD3)3=- 0.00000 C.Q0D0Q  ©.0000DG  D.C0000  0.0000C  0.0C0O0Q
clo4- 0.00000 ©.00000 0.00000 0.00000 0.000C0  D.00000
NpO2 (CH) 2- C.ODGOD  D.0D00D 0.0000¢  £.00000 ©.0000C 0.00000
RpO20G3- 0.00000  ©.000C0 0.00000 ©£.00000 0.00000  0.00000
NpO2(C03) 2=~ £.00000  0.000CQ  0.0C000  G.00QO0  0.0CO00  0.00000
NpO2{C03)3s=-  6.00000 G.08G00  ©.00CCO  £.00000 0.00000 0.00000
H2PO4- 0.00C00  0.00C00 ©.000CO0  C.00000 0.00000  0.00000
HEOE= q.60080 0.6000¢  0.00000  £.0000D  D.DDDOD 0.000Q0
PO4=- 0.00000 ©0.00000 ©0.00000 0.00000 0.0D0OC  0.pOCOCO
c1- 0.00000 0.00QQD  ©0.00000 /.00000 0.0000C  D.00CCO
S04= 0.0000C 0.00000 0.00000 O.0C000  C.DDOODD  0.0Q0COC
HSO4- 0.00000 J.00000 0.00000 0.00060 ©.0000C 0.000p0 .
OH- 0.00000  0.0c0000  0.C0D00  0.000CO  0.00D0DC  0.00C0O Lo
HCO3- 0.00000 ©.00000 0.00000 0.0pc00  ©.00000  0.00000 N
CO3= 0.0000¢ 0.000C0 0.00000 £.00C00 0.0CODO 0.00000 y
BOH)4- 0.00000  0.00000 ©0.00000 0.00000 0.00000  0.00000 o
BAOIOH) - £.00000  £.00800  0.00000  0.00000  0.00000  5.32400Q0
BAOS {OH) &= p.PO0OOD  D_pOOOG  0.0000D  0.00000  0.00000  0.00CDOD
Br- 0.00000 0.00000 ©0.00000 ©.Q000C¢  0.0000Q  ©0.00000
Am(CO3)2- 0.00C00  0.00000 C.0QOCO  0.0000¢ 0.00000  ©.GO000
AMICO3) 3=~ 0.0C000  0.00000 O0.0QOGO  C.00000 0,00000 0.00000
Cl04a- 0.00000  0.00000 0.00000 0.00000 ©0.00000 0.CCOQ0
RpO2 {OH) 2~ 0.00000 ©.00000 0.00000 ©.C0000 0.00000 ©.00000
Rpo2C03- ©.00000  ©.000Q0D  ©.00000 0.00000 0.00000 0.0C000
NpO2 (€03} 2=~ ©.00000 ©,00000 ©.00000 0.000Q0  Q.0000C  0.0000C
NpO2(CO3}3=a-  0,00000 0.00000  0.00000 0.00000 0.00000 0.00000
HZPO4- 0.00000 ©0,40000 ©.00000 0.00000 ©.00000  0.000OC
HPO4= 0.00000  ©0,80000 0.00000 0,06000 ©.CO0O00  Q.00GOO
PO4=~ £.00000 ©.cDOOGO  0.00000  ©.C0000  0.000C0  0.00030
e1- £.00000  ©.00000 0.00000 0.00Q00 0.00000 0.000Q0
S04= ©.00000  ©.40000 5.0000C  0.00000  49.QQoee  Q.0c00C
HS04~ 0.00O00  0.CO000  $.00G0C  0.00000 0.00000 0.0000C
OH- 0.0C000  0.00Q000  D.00C00  0.00000 0.00000  0.00000
HCO3- o0.00000  Q.ocGCO 0.0G000  ©.0000C  0.00000  ©.00000
co3= 0.00000  0,00DC0  0.0COCD  ©.00000  0.00000  0,00000
B{OH)4- 0.00C00  0.00000 0.0DOGO  0.00000  0.00000  0.00000
B303 (OH) 4- 0.00000  ©.00000 0.00000 ©.00000 0.00000  0.0C000
BAOS5 (QH) 4= 0.00000  G.GODOO  ©.00000 ©.00000 0.00000 0.00000
Br- 0.00000 Q.00000  ©0.00000 0.0000¢ 0.0G000  C.4GQ00
Am(CH312- 0.00000 ©.00000 0.00000 0.00000 0.00000  0.00000
AM{CO3) 3a- 0.0000C  0,00000 0.00000 ©.00000 0.00000¢  ©.00000
Clo4- 0.00000  0.00CCO  0.00080 ©.00000 Q,0000D  0.00Q0D
NpO2 {OH)2- 0.00000 D.00OCO  0.0C000  ©.00000  0.000C0  0.000Q0
NpO2C03- 0.00000  0.00D00 ©.00000 ©.00000 0.00000 0.000GO
HpO2 (CO3) 2=- 0.00000 0,00006 ©.00000 ©,00000 0.00000 0.00DGO
NpOZ(CO3}3==- 0.00060 ©.C0000 0.00000 D.000QD  0.0C000  ©.0000Q
HZPO4- 0.00000  0.G0D0C  0.00000  0.0000C  0.0C0Q0  0.0KN000
HPO4= 0.00000  0.0Q000  0.00000 0.00000 0.00000 0.00000
Pod=- ¢.oc000  0.pODOP  D.ODOQD  C.O0DOD  0.0PCOD  0.00DDO
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NpO2+ c1- 0.00000 ©.0000C 0.0DOOO  0,00000 0.000CC  0.000OC
NpO2e 504= G.00c00 0.00000 0.00600 0.00000 0.000CC 0.00000C
NpO2+ HS04- 0.00C00 0.00000 0.00000 C, 04000 0.000C00 0.00000
NpO2+ OH~ 0.00050 0.00000 0.ooc00 C. 00000 0.00000 0.00000
NpQO2« HCO3- 0.00560 0.00000 0.00000 0.00000 0.00000 0.00000
NpO2+ co3= 0.00000 0.09000 0.00600 G. 00000 0.00000 0.0000Q
NpO2+ BIOHI4- 0.00000 0.00000 Q0.000060 C¢. 00000 9.00000 0.00003
NpO2+ BIQ3{OH) 4- 0.00000 0.00000 0.00C00 0.00000 0 .900000 0.00000
NpazZ+ B405 (OH) 4= 0.00000 0.00000 0.00000 C¢.c0000 0.00000 0.00000
NpO2+ Br- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00080
NEO2e AmMI(CQ3)2- 0.00000 0.00000 0.00000C 0.00000 0.00000 4.00060
NpO2+. A (CC3)3=- 0.00000 4.00000 £.0gooc 0.00000 0.00000 0.00000
NpOZ+ Cl04 - 0.00000 0.00000 0.0000¢ 0.00000 G.00000 0.000C0
NpO2+ NpO2Z (OH} 2- £,00000 Q.00000 0.00000 0.00000 0.000Q00 0.00000
NpO2+ NpO2CO3- ¢.00000 0.00000 0.00000 0.00600 0.60000 ©.00000
NpOZ+ NpO2 (CO3}2=- 6. 00000 Q.oc000 0.00000 Q.00090 C¢.coo00 0.00000
RpD2+ NpQ2 (CO3) J=c- 0.00000 0.00060 0.00000 0.00000 C¢.00000 0.00000
NpOZ2+ H2 PO4~ 0.80000 0.00000 0.00000 0.0000C 0.00000 0.00000
NpO2- HPO4 = 0.00000 ¢.00000 0.00000 0.00000C 0 .00000 0.00000
NpO2+ POd=- 0. 00000 0.00000 ¢.Qodoo 0.00000 0.00000 C¢.00000
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen
this is a BATCH problem
Ideal Gas Constant is Unity (Dimencionless}
Temperature = 298.15 [=] degree Kelvin
115 Species 23 Elements
Element Name Molecular Weight
Hydrogen 1.007%0
Oxygen 15.93940
Sodiwm 22.58977
Potasgsium 35.09830
Magnesium 24.30500
Calcium 40.08000
Chiorine 35.45300
Sulfur 32.06000
Carben 12.01100
PosIon 0.00000
NegIon 0.00000
Air 28.B64000
Boron 10.B1000
Bromine 79.90400
TracerEl 0.00Cc00
™IV} 232.03810
Am{III} 243.00000
TivI} 238.02900
Np (V) 237.04820
€104~ {EL) 99.45060
Phospherus 30.97400
Electron 0.000C0
Charge 0.00000
-
Species Name FPhase Mol.Wt. std Chemical Potential, u/RT “"‘
1 320 WATER agueocus 18.015 -95 53 ; : B
2 Na+ Na+ aqueous 22.9%¢ -105.651 . )
3 K+ K+ aqueous 39.098 -113.957
4 Ca++ Ca++ agueous 40.080 -223.300
5 Mg+ Mg++ Aagueous 24.305 ~183.468 .
€ MgOH+ MgOH+ aguecus 41.312 -251.940
7 B+ H+ agqueous 1.008 0.000 S L
8 Cl- Cl- aguecus 35.453 -52.955 T
9 504= S04=  agueocus 9€.058 -300.386
HSO4 - HS0O4-  agueocus 57.068 -304.942
OH-~ . DE- agueous 17.007 -63.435%
HCO3- HCO3- aquetus 61.017 -236.75)
Co3= CO3=  agueocus 60.009 -212.944
COZ (aq) CC2(ag} agueous 44.010 -135.680
CaCo3 (ag} CaCo3 (ag) agueous 100.089 -443.500
MgO3 (aqg) MgCO3 (ag) agueous B4.314 -403.155
B(CH)3(aqg) B{OH)3(ag] agqueous §1.832 -390.810
B(COHH- B{OH)d- agueous 78.839 ~-465.200
B3C3 (0K} 4- BI03{QH)d- aguecus 148.43%7 -%63.770
BAOS{OH) 4= B405[OH) 4= aqueous 191.266 -1239.190
CaB {OH) 4+ CaB(OH)4+ agqueous 118.919 -652.300
MgB (CH) 4+ MgB(OH} 4+ agueocus 103.144 -651.890
Br- Br- agueous 79.9504 -999.990
C104- perchlerate ClO4~  agueous 99.451 -999.990
NaOH(ag) .. ... to.titrate . base.only aguedus 39.997 500.000
HCl(ag)....... to.ritrate.acid.only aguecus 36.461 500.000
HClo4(ag)..... to.titrate.acid.snly aquecus 100,459 500.000
PosIon............suun POSITIVE.ION aqueous 0.000 0.000
Neglon. ..............- NEGATIVE.ION aqueous 0.008 0.000

PosIon(OH) (agl..... to.titrate _base agueous 17.007 500.000
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31 HNeglonf(ag)....«... to.titrate.acid agueous 1.008 500.000
32 Traceriag)..... conservative.tIAceT agueous 0.000 0.000
33 BIrodiag) H3IPO4iag) aguecus 97,995 -460.900
34 HZPO4- HZPC4- pquecus 96.987 -455.960

HPCd» HPC4=  agueous 95.980 -439.267
PO4=- PO4=- agueous 94.972 ~410.947
NpO2+ NpO2+ aqueous 2689.047 -369.127
NpO20H (ag) NpO20H(aql agueous 2B6.054 -438.518
NpO2{0K) 2- NpO2 {OH)2- agueous 363.082 -505.829
NpO2C03- NpQ2CO3-  agueous 329.056 -594.452
NpO21003) 2= NpQ2(CO3)2=- agueous 3B9. 065 -B0H. 403
NoO2 (00T Jew- NpO2(C2313==- agueous 449.075 -1019.918
Arre st Am+++  aguecus 243.000 -241.694
AmCOd+ AMCO3+  aqueous 303.00% -472.060
Am(CO3)2- Am{CC3}2- aqueous 363.018 -695.880
Am(CO3) 3=~ AmM{CO3)3=- aqueocus 423.028 -315.460
Am(OH1 2+ Am{QH)2+ agueous 2%7.015 -393.647
Ami{OH} 3 (ag) Am{OH}2{ag) acguesus 254.022 -462.950
The+es Th++++ agueous 232,038 -399.9990
V02 ++ VIVIIO2++ aguecus 270.028 -~995.9390
NpO2CH(aged) _____ Np0O20H{aged) solid 2B6.054 =454.010
NpPOZQH (amoT ) NpOZOH{amor) solid 286.054 -452.642
NaNpQ2CO3(s)______ NaNpQ2CO3[(s) solid 352.046 -713.707
Na3NpO2Z (C03)2 (5)_DISABLED_DISABLED seclid 458.035% 599.390
AMOHCO3(c).— = AmOHCO3(c] solid 320.017 -565.980
Am{OH)3i(s)_____ _ Am{OE])3{s) solid 294.022 -452.294 |
NaAm{C03)2. 6H20(c) soliad 454.999 -1326.49%4
AnPOd(cY__ = AmPO4(c) solid 337.972 ~-709.750
Casoa_ 00202000 Anhydrite sclid 136.138 -533.730
NaK3 (504)2__Aphthitalire/Glaserite solid 332.200 -1057.05¢
Call2 6HZO Antarcticite solid 219.077 -893.650
[or TaieX Aragonite sclid 1p0.089% -455.170
K2504 Arcanite sclid 174.254 -532.23%0
MgTl2 . EHZO. Bischofite solid 2p3.302 -853.100
Na2ZMg (S04)2. 4H2D, Bloedite splid 334.461 -1383.800
Mg (OH 2 Brucite solid 58.320 -335.400
NagCQ3 {50412 Burkeite solid 390.063 -1449.400
Cact0o3 Caleite solid 100.089 -455.600
CaCl2 4H20___ CaClZ_Tetrahydrite solid 183.047 -6%98.700
Cadll2(CH) 6.13H20 _ CaOxychloride A  solid 567.467 -2658.450
Ca2Cl2(CH) 2.H20 Ca(xychloride B solid 203.096 -778.410
KMgCl3.6HZ0___, ____ _ Carmallite solid 277.8%4 -1020.3¢0
M504, TH20, Epsomite solid 246.469 -1157.830
CaNa2 {00332 . 5H20 Gaylussite solid 296.154 ~1360.500
Wa2Ca(sod)2_,._ _  Glauberite solid Z7B.17% -1047.450
CasS04 . 2H20, Gypsum solid 172.188 -725.560
NaCl Kalite solid 58.443 -154.9%0
MgSO4_ BH20____  Hexahydrite solid 228.454 -1061.600
KMgC1s0d . IH20. Kainite solid 248.960 -938.200
KHCO) Kalicinite solid 200.11% -350.060
MgSO4.H20, 00 Xieserite solid 138.378 -579.800
K2Mg (S04) 2. 4H20 Lecnite solid 365.678 -1403.970
NadCa (S04} 3. 2H20 Labile_Salt soclid 456.242 -1751.450
MgCTO3 f ite selid 84.314 -414.450
MgZCl (OH)3.4H20 MgCxychloride solid 207.145 -1029.800
KHSO4__ =~ Mercallite solid 136.164 -417.570
Na2S04 . 10H2C__ . Mirabilite solid 322,188 -1471.1%0
KBH6(S04)7________ _ Misenite solid 931,227 -3035.240
NaHCOI_______Nahcolite solid 84.007 -343.330
Na2C03 . 10820, Natron solid 286.141 -1382.780
MgCOol . 3JH20, Nesquebonite solid 138.360 -695.300
¥2Mg (S04)2. 6H20 Picromerite/Schoen solid 402 .708 -1596.100
NaZCa(C03)12.2H20 Pirssonite solid 242.108 «1073.100
K2MgCaz (504)4.2H20 Eolyhalite solid 602.922 -2282.500
ca(OMiz____ . portlandite golid 74.095 -362.120
K2C03 3/2H20____Potassium Carbonate sclid 1l65.22% -577.370
KBHA{C01}6.3K20___ K-Sequicarbenate solid 730.91% -2555.400
KNaCQ3. 620 K-Na-Carbunate solid 230.188 -1006.800
K2NaH{C03)2.2H20___ Potagsium Trona solid 258.242 -971.740
K3H{504)2__Sesquipotassium_Sulfate solid 310.418 -950.800
NalJH{S04)2__ Sesquisodium Sulfate solid 262,092 -919.,60C
Na2C03.7H20___ NaZCU3l-Heptahydrate solid 232.095 -1094.395¢
KC1 Sylvite solid 74,551 -164. 840
K2Ca (504)2.H20 Syngenite solid 328.407 -1164. 800
Mg2CaCl6.12K20 __~ Tachyhydrite sclid 517.59¢0C -2015,%00
NaZ504 Thenardite solid 142.637 -512.3%0
Na2CO3 . H2Q..._ ‘Thermenatrite solid 124.004 ~518.800
Na3H{C03)2.2HZO Troma solid 226.026 -960.3E0
Na2B407.20H20___ _ Borax solad 381.387 -2224.160
BICH)3 Borix_Acid_Solid solid £1.832 -390.880
KB30B .4H20, K-Pentaberate (30_C) solid 293.204 -1770.260
K2B407,4H20__ K-Tetrabeorate_{30_C} solid 305.493 ~-1663.470
NaBOZ  4H20. Sodium_Metaborate solid 137.859 -76l1.420
NaB50§ .5H20_____ Scdium_Pentaborate solid 295.111 -1854.8069
NaBO2 .NaCl.zH20__ Teepleite_{(20_C) solad 160.272 -725.770
Truncated Name Formula Maryiy

H20 2 1 00 00 O0O0OC0C OO0 OO O0OO0COC O OC 0 QO G D O
Na+ g o 200 00 ¢ 90 0 O0OCOQOCOCO QOO0 O C § 1
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K.1 Listing

{ See Table 25 for explanation of this listing.

2.43 ‘Np (V) 020H{aged) . .. .Np{V)O20H (aged) -
2.43 ‘Np{V)020H {amor} ... .Np(VIQ20H{amor} *
2.43 'NaNp (V}02C03{s}. .. .NaNp(V)O2003 (s}
2.d3  'RaNpO2C03Na2C03 (s)NaINpO2(Co3)2{s)’
- 2.43 AmOQHCC3 ()
2.43 Am{OH}3(s5)
2.43 NaAm(Co3) 2, 6H20(c!
2.d3 AmPOQ4 {¢)
2980.40 Caso4 Anhydrite CRC p.B-181:183
2.d3 NaK3{SD4)}2 Aphthitalire/Glaserite
2.d3  CaCl2.6H20 Antarcticite
2540.40 Cal03 Aragonite CRC p.B-181:183%
2663 .40 K2504 Arcanite ©CRC p.B-181:185
z.d3 MgCl2.6H20 Bischofite
2250.40 Na2Mg {50412, 4H2C Bloedite CRC p.B-1Bl1:183%
v 2390.40 Mg (OH}2 Brucite CRC p.B-181:185
2.43 NaBCC3{s04)2 Burkeite
2828.40 Caco3 Calcite CRC p.B-181:185
2.43 caCl2. ¢H20 CaCl2 Tetranydrite
2.d3 CadCl2(0QH)6.13H20 CaCxychloride A
2.43 Ca2C12(CHI2 .H20 CaOxychloride B
1602.d0 KMgC1l3.6H20 Carnallite CRC p.B-181:185
1677.40 MgSO4 . TH20 Epsomite CRC p.B-181:185
1991.d0 CalNa2 {CQA12.5H20 Gaylussite CRC p.E-181:185
2800.80 Na2Ca(s04)2 Glauberite CRC p.B-181:185%
2335.40 CasS04 . 2H20 Gypsum CRC p.E-181:185%
2165.d0 NaCcl Halite CRC p.B-181:185
2.d3 Mg504 ., 6H2O Hexahydrite
2150.d0  KMgClS04.3H20 Kainite CRC p.BE-181:185
2.d43 KHCO3 Kalicinite
2571.40 MgS04 .H20 Kieserite CRC p.B-1B1:185
2.4 K2Mg (SO4)2.4H20 Lecnikte
2.d2 NeadCa(S04)3.2H20 Labile Salt
3210.d40 MgCo3 Magnesite CRG p.B-1B1:185
2.d3  Mg2CLl{OH)3.4H20 MgOxychloride
2.d3 KHSO04 Mercallite
14%0.d0 Na2504,10:H20 Mirabilite CRC p.B-161:185
2.42 KBH6 {50417 HMisenite
2.43 NaHCO3 Nahgolite
2.d3 Na2C03.1CH20 Natron
2.43 MgCQ3 . 3H20 Nesgquehonite
2.43 KMy {S04) 2. 6H20 Picromerite/Schoen
2.3 Na2Ca{C03)2.2H20 Pirssonite
2.d3 K2MgCaZ2 (S04} 4 .2H20 Polyhalite
2.42 Ca(QHIZ Pertlandite
2.d%  K2C03.3/2H20  Potassium Carbonate
2.43 KBH4 (€031 6.3H20 K~Segquicarbonate
2.d3 KNaC03 . 6520 K-Na-Carbonate
2.d3 K2NaH{C03}2.2H20 Potassium Trona
2.43 K3H{504)2 Sesquipotassium Sulfate
2.d3 NalH{504)2 Sesquisodium Sulfate
2.d3 Na2Co3 . 7TH20 Na2CO3-Heptahydrate
1990.40 KCl Sylvite CRC p.B-181:185
2.d3  K2Ca{S04)2.K20 Syngenite o
2.d3  Mg2CaClé.12H20 Tachyhydrite .
2.43 Na2S04 Thenardite !
2255 .0 Na2C01 .H20 Thermonatrite CRC p.B-181:18S
2140.40 Na3H(CC3)2.2H20 Trona CRC p.B-181:18S
1715.40 NaZB407.10H20 Borax CRC p.B-181:185 Y
.43  B(OH}3 Borix Acid Solid 3
2.d3  KBS08.4H20 K-Pentaborate (30 C} i
2.d3  K2B407 _4H20  K-Tetraborate (30 C} .
2.43 NaBO2 . 4HZ2O Sodium Metaborate
2.43 NaB508 _5H20 Sodium Pentaborate
» 2.43 NaBO2 .NaCl.2H20 Teepleite {20 C)
. s L]
K.2 References Cited in Listing

Novak, C.F. 1994. “Development of the FMT Chemical Transport Simulator: Coupling
Aqueous Density and Mineral Volume Fraction to Phase Composition.” Proceedings of the
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Appendix K: Listing of HMW_NP_AM.RHOMIN and References Cited in Listing

Fourth International Conference on the Chemistry and Migration Behaviour of Actinides and
Fission Products in the Geosphere . Speciat Issue of Radjochimica Acta. R. Oldenbourg
Verlag: Miinchen, Germany. :

Weast, R.C. 1980. CRC Handbook of Chemistry and Physics 60th ed. Chemical Rubber
Publishing Company, Boca Raten, Florida.
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Appendix L: Output File Listing of HMW_NP_AM.RHOMIN
Appendix L: Qutput File Listing of HMW_NP_AM.RHOMIN

MINERAL DENSITIES, KG/M~3, IN FILE ~RHOMIN®

+ NpO20H (aged) NpO20H {aged} 2000. 00000000600
4 NpO20H{amor} NpO20H{amor) 2000, 00000000600
L NaMpO2CO3is) NaNp02C03 (5) 2000 .00000600000
5 Na3NpR2(CO3)2(s)_DISABLED DISABLED  2000.00000000000
© AMDHCD3 (o) AMOHCO3 () 2000 .00000080000
. Am{OHM1is) Am(OH) 3 (s} 2000.00000000000
“ NaAm(C03}2.6HZO(c} 2000.00000006000
L AmPO&ic} AmPOZ (! 2006. 00000006000
St Cagod Anhydrite  2980.00000000000

“2 NaK3 (§04)2__Aphthitalite/Glagerice 2000.0000C000000
" CaCl2.6H20. Ancarcticite 2000 . 00000000000

‘. Ccacos: Aragconite 2840.00000000000

i K2804 Arcanite 2663 .0000000Q000
© . MgCl2,&6H20, Bischofire 2000.00000600000
| Na2Mg(504)2.4H20 Bloedite 2256.,00000006000
Mo (OH)2 Brucite 23%0.0000000C000
NaBCO3 (50432 Burkeite 2000. 00050000000
Cacol calcite 2828.00000000000

CaClz, 4H20 Cat'l2_Tetrahydrite 2000.00000000000
CadClz (QH) 6. 13H20__CaOxychloride A 2000.00000000000
Ca2C12{0H)Z. K20 Caoxychloride B 2000.00000000000

KgCl3 . 6H20, Carnallite 1602.00000000000
MgSO4  TH20 Epsomite 1677.00000000000
CaNaz (C03) 2. 5H20, Gaylussite 1591.0C0000000000

Na2Ca (50432 Glauberite 2800.00000000000
CaSCA . 2H20_______ _ ___ Gypsum 2335, 00000000000
NaCl Halire 2146%.00000000000
HgSOd . 6H20_ Hexahydrite 2000.00000000000

Kainite 2150. 00000000000
Kalicinite 2C00.00000000000
Mg 504 H20, Kieserite 2%571.00000000000
K2Mg (50412 . 4H20Q Lecnite 2000. 00000000600
NadCa (sS04} 3 .2H20 Labile_sSalt 2000. 00000000000

MgCO3 Magnesite 3210, 00000000000
Mg2CLl{OH)3 . 4H2C, MgOxychloride 2000.00000000000
KHS04 Mercallite 2000.00000000000
Na2$04 . 10H20 Mirabilite 14%0.000C0000000
KBHE (50417 Misenite 2000.90000000000
NaHCO3 Nahcolite 2000.00000G00000C
Na2C03 . 10K20 Natrron 2000.90000000000

MgCO3 | 3H20, Nescquehonites 2000.00000000000
K2Mg(504)2.6H20 Picromerite/Schoen 2000. 09000000000
Na2Ca(C03)2,3H20______ Pirssonite 2000, 60000000000
K2MgCa2 (S04) 4 . 2H20 Polyvhalite 2000 .00900000000
Cal(OH)2Z Porclandite 2000.00000CG0000
K2C03 _1/2H20___ Potassium_Carbonate 2000.00000000000Q
KBH4(C03)6.3H20____K~Sequicarbenate 2000.00000000000
KNaC3 .6H20_________ K-Na-Carbonate 2000 . 00000000000
K2NaH (t0312.2H20___ Potassium Trona 2000 . 80090000000
K3H{S04}2___Sesguipotassium_Sulfare 2000.00000000000

Nal3E{504)2 Sesquisodium_Sulfate 2000. 009490000000
Na2C03 , 7H20, Na2CQ3~Heptahydrate 2000, 00000000000
KC1, Sylvite 1990,00000000000
K2Ca (504)2. K20 Syngenite 2000.00000000000
Mg2Carl6, 12H20, Tachyhydrite 2000 . 00000000000
Na2504 Thenardite 2000, 00000000000
Na2Ce3 K20, Thermonatrite 2255 . 00000000000

Na3H(CO3)2.2H20.___ . Trona  214¢.0600000000C0
NaZB407?, 10H20, Borax 1715.00000000000
BICH}3______  Borix_hcid_Solid  2000,00000000000

KBSO& . 4H20____K-Pentahorate_(30_C) 2000.0000000C000

K2B407 .4H20___X-Tetraborate _(30_C) 2000. 90000000000 3 . . L 3
4L NaBOZ . 4K20, Sodium_Metaborate 2400. 60000000000 - -, .
£ NaB50E.5H20 Sodium_FPentaborate 2000 . 00000000000 Y e
£7 NaBO2 .NaCl.2HZO___ Teepleite_ (20_C) 2000.00000000000 t;} N
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Appendix M: Sampie Output File “BATCH_DOC.OUT"

Appendix M: Sample Output File “BATCH_DOC.OUT”

See Table 26 for explanation of this listing.

file
file

is
is

name
name

U1 : [SCBABB . FMT .USERGUIDE ] BATCH DOC.IN: 1
Ul: SCBABRS . FMT. USERGIIIDE] BATCH DOC. INGUESS; 1
QUTPUT file name is Ul: [SCBABB. FMT.USERGUIDE]BATCH_DOC.OUT:1
CEEMDAT file name is U1:{SCRABS.FMT.USERGUIDE)FMT_MMW_NF_AM.CHEMDAT; 1
Temperature is Hard Coded as 296.15K
: [.FDO.TITRATE]BATCE_DOC.in; to illustrate/document *BATCH® runs
DATARASE: HMWE4/FWAG; Np(V)-Na-CO3-QH-C1-C104 [NRI4):
95.01.31 Am{III)-Na-Cl-C03-SO4-PO4 (FRSRB9.FRFY90, P91, RFFRIZ, RFF94,RRFF94)

INPUT
INGUESS

.
R L L L T T e L e L L T T Y O PSP

*+*¢ PCHO PRINT OF “CHEMDAT" FILE WOULD BE HERE *
SEE APPENDIX J i

B L L T L T T e e sSSP

s

*evsssever s SOLUBILITY PRODUCT VIOLATIONT =4 resesived

=* MglOH)2

Adding solid Mgi(QH

Brucite =~

12

+ inversions for batch pblm

2 Solubility Product Viclations

Brucite
35

1.Q0E+01 **

vesnrerrvwr v SALUBILYTY PRODUCT VIOLATION**#s+sveassess

** Mg2CLl(0H)3.4H20, MgOxychloride ** 6.89E+00 **

1!.FD.TITRATE]BATCH_DOC.in; to illustrate/document "BATCH® runs

95.01.31
Pressure=s

1.00000E+00 [=] ATM

Elemental Abundances for Flash Problem

Total Moles

Using Nafl Density
1.10222364E+02
.516548218+C1
.00000000E-C1
.G0000000E-02
. CCQODODOE-
. C0000DO0E-04
.10000000E-0G1
00000C0OOE-03
DOCCCCCOE-D4
.000COCCOE~CO
.0000G0C0ELDO
-00000000E+D0
.000C0000E~07
.DODCOOO0E+DD
.00C0OCGOE+DO
.000GGO0DE~DRD
.DOCCOQOOE+DD
. BODCGOOQE+CD
.00C0OC00E+00
.000CRQTOE«DD
.000QOOOCE+OD
.00DCGOOCE+DD
.90605392E-17

FPODOCODOCOOHDOOKRMRERERREMNWG

Solution Paramet
SOLUTICN MASS
H20 MASS
TDS (g/kg)

DENSITY

SOLUTION VOL
DS

Species Name

Ag. Molality

Correlaticn

1.11116160E+02
.S36118135E+01
.01625464E~01
.00B12732E-02
.64673729E-08
.00812732E-04
-1089400SE-01
.00812732E-02
.00B12T732E-04
. 00000000E+QD
. 00QO0000E+DD
.00000000E~00
.00812732E-07
.00000000E+00
. 0O00000DE+GD
. G000000DE+0D
.00000000E00
.Q0000000E+Q0
. D000000GE+O0D
. 90000000400
. DOQOQOODE+CD
. 00000000E+G0
.94592698E-17

BOODODD OO ORER RN NG

ers, Calculated

AgQ. Melarity

1002.59976105542
951.938201296740
10.7482096613917

Specified Solution Density

1007.81851904202

0.994821728428285
10.7170555829388

WATER
Na+

Density based on TDS and NaCl solutions
Percent relative error vs NaCl density

BOODOODOVUOODHFODOMKMRHSIIKNL

-10734086E+02
-54506206E+0L
.01041045E~D1
LQD520523E-02
.633126856E-08
.00520523E-04
L10572575E-01
.00520523E-03
.00520523E-04
.Q0000COGE+DD
.00D00QA0E+00

00000000E+00
00520523E-07
QDQ0O0QODE+QD

.Q0000D000E+CD
.00000000E+CC

00COCROOOE+D0
00C00000E+QD
00Q00I00E+DD
0000CDI0E+Q0Q

.Q000000BE+00
.000000C0E«0D
L 931359103E-17

grams
grams
¢ /kgH20

DATABASE: HMWB4/FW86; NpiV)-Na-CO3-0H-C1l-Cl04 (NR94);
Am(IIY)-Na-Ci-CO3-504-PO4 (FRSRBY, FRFS0, P91 RFFRY2,RFFS4,
Temparature=

2.96E+02

Ag. mg/liter

1.11663359E+05
8.B7176659E+05
4.62188739E+03
3.93028153E+02
1.12611592E-03
4.02886254E+00
3.9201235QE+03
3.22268795E+01
1.20735200E+00
0.00000000E+00
0.00C00000E+D0
0.0000C000E+CD
1.08662685E-03
0.00000GCOE+QD
0.000C0000E+00
0.00000000E+D0
0.0000000CE+DD
0.60000000E+00
0.C0C000000E«D0
0.00000000E+00
C.00000000E+0Q
0.0000C000E+00
0.0000C000E+GO

kg/m*3 = g/l

Soluticn Parameters Based on Specified Density

licers
g/l

TABLE OF CONCENTRATIQONS FOR BATCH SYSTEM

Molality

9.82444E-01
2.01625E-01

1007 .E1851504202
2.000000000000000E+000 $

Activity

9.93023E-01
1.47085E-01

FMT V2.0

RRFF94)
[=] Kelvin

Bydrogen

Oxygen f;:

Sodium
Potassium
Magnesium
Caleium
Chlerine
Sulfur
Carbon
PosIon
NegIon
Air

Boron
Bromine
TracerEl
Th(IV}
Am(III}
T{VI)

Np (V)
C104- (EL)
Phosphorus
Electron
Charge

g/l

Act Coef Total Moles Molarity
1.001 5.S0612E+01  5.53478E+01
0.7295 2.00000E~-01 2.01041E~-01

mg/liver

Descriptor

9.97101E+05
4.62189E+03
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S oCl- Cl= 1.10894E-01 7.98916E-02 0.7204 1.10000E-C1  1.10573E-01  3.92013E+D3
OH= 9.87965E-02  7,13753E-D2  0.7224 5.80DD1E-02  9.85102E-02  1.67539E+03
K+ 1.00813E-Q2 T7.34149E-03 ©.7282 1.00000E-02 1.00521E-Db2 3.9301BE+02
504= 1.00813E-03 2.24998BE-04 0.2212 1.00000E-02 1.00521E-03 9.655TEE+Q]
Brucite 1.008CBE-03  1.90000E+QD 1.000 9.99954E-04 1.00516E-03 S.86205E+01
Ca++ 1.00115E-04  2.00966E-05  (.2007 9.93083E-05  9.98252E-05  4.0009%E+0D
cold= 1.00005E-04  2.44915E-05  0.244% 9.91991E-05 9.97155E-D5  5.9B385E+Q0
B{OH) 4~ 1.00709E-07 6.6127CE-08 0.6566 9.98971E-08  21.00417E-07  7.91580E-03
Cacs(ag) CaC0d iaq) 6.972I6E-07  5.87236E-07 1.000 §.92615E-07  6.95215E-0V  6.95835E-0Z L.38E-10
HCO3- HCO3- 1.10094E-07  7.45922E-08  0.6812 1.09206E-07 1.09775E-07 6.69815E-0) 1.60E-10C
MgOH~+ MgQH~ 3.54268E-08 2.81647E-08 Q.7950 3.51422E-08  3.53241E-08  1.45%32E-02 -2 . 47E-07
Mg+ . HMg«+ 1.09873E-08 2.56221E~-D9 €.2332 1.08985E-08 1.09555E-08 2.66273E-04 2.36E-10
CaB{OH) 4+ CaB(OH! 4+ 8.72370E-11 5.94D47E-11 0.58810 E.65337E-11 8.69841E-11 1,Q3441E-0% 3.87E-11
MgC03 {ag) MgCO3 (ag) 5.32206E-31  5.312206E-21 1.000 5.27915E-11  S.30663E-1l  4.47424E-0% 3.15E-10
B{OKE)3{aq) B(OH) 3 (aq) 1.65411E-11 1.61858E-ii 0,87B5S 1.64077E-11 1.64931E-11 1.01980E-06 1.62E-10
He H» 1.83212E-13 1.40201E-13 £.7256 1.91654E-12 1.82552E-13 1.54173E-10 1.36E~10
coz lag) co2lag} 2.21142E-14 2.302977E-14 1.041 2.19360E-14 2.20501E~14 9.70422E~10 3.16E=10
MgB (CH) 4+ MgB (OH) 4+ €.18470E-15  4.24%05E-15 0.6870 6.134B4E-15  6.16877E-15  6_36066E-10 2.98E-10
HS04- H504- 4.06799E-15  3.00314E-15 0.73B2 4.03519E-15  4,05620E-15  3.93717E-10 2.03E-10
CadCl2 (OH) 6. 13H20__CaOxychlozide A 0.00000E+00  1.00000E+00 1.000 0.00000DE+00  0.00000E+0C  0.0000CGE+00  -1.27E+01
KBHE (50417 Migenite 0.00000E+00  1.00000DE+0D 1.000 0.Q0000E+00  0.00000E+00  0.0000DE-QD  -1.09E+D2
K2B407 .4K20___ K-Tetraberate_(30_C: 0.00000E+00  1.000C0E+Q0 1.000 0.00000E+00  0.00000E+0G0  ©0.0Q00DCE«0Q0  -3.56E+(CL
KBSOB.4K20 __ _K-Pentabarate_(30_C} Q. 00C00E«QQ 21.00000E+0Q 1.000 C.00000E+QG 0. 00000E+00 0.00000E+0C =4 . 79E+02
B{OH)3 Borix_acid_Solid 0.00000E+DO 1.00000E+CD l.0c0 0.Q0OCOE+0G 0.00000E+QQ 0.00000E+QD -1.08E+01
~ Na2B407.10H20 Borax C.00000E+00  1.00000E+GO 1.000 0.00000E+00  O.0000CE+0L  0.0QDOODE+DQ  -3.16E+01
> Na3H[C03)2.2H20 Trona 0.00000E+00  1.Q00C00E+QD 1.000 0.00000E+D0  0.0000CE+QL  0.000CQE+00  -1.32E+01
Na2C03 , H20, Thermonatrite 0.00000E+QQ 1.00C00E+00 1.000 0.0CD0DE+0D 0.00000E+00 Q0.000CDE+OD -6.76E+00
Na2504 ‘Fhenardice 0.C00D0E+QO 1.00000E+00 1.000 0.00000E+00 0.00000E+DD 9.00000E+00 -5.03E+00
Mg2Cacl6 . 12H20 Tachyhydrite 0.00000E+00  1.00000E+«D0 1.000 0. 00000E+00  C.Q0Q00E+C0D  0.0000DE+00  ~4.59E+D1
K2Cals0d)2 K20, — Syngenite 2.00900E+00 1. 0000DE+DD 1.000 0.00000E+00  0.0D0DOE+DD  0.DDOODE«DR -8 82E+00
KC1 Sylvite 0.00000E+0D 1.00000E+DQ 1.000 0.000COE+~DG 0.00000E+«QD 0. 0C0O0E~+CO -4.13E+00
Na2CO03.7H2O Na2C03-Heptahydrate 0. 00000E+0D 1.00000E+CC 1.000 0.000COE+DO 0,Q0000E+QD 0.00R0OE+QO -5.84E+00
Na3H{504)2___ Sesquisedium_Sulfate ¢.00000E+00  1.00000E+CO 1.000 0.00000E+00  0.DDOQCE+0Q0  0.0000QE+0¢  -2.18E+01
K3H(504)2__Sesquipotassium_ Sulfate 0.C00008+00  1.00C00E+00 1.000 0.00000E+00  Q.00000E+0C  0.Q000QE+00  -2.30E+021
K2NaH{C03)2.2H20___Potassium_Trona 0.00000E+00  1.00000E+00D 1.000 0.00000E+00  0.0C00CE+00  Q.0DQ0QE+00 -1, B1E+01
KNacCl . 6H20 .. K-Na-Carbonate 0.000008+00  1.000QDE«00 1.000 CG.DOQOOE+Qh  0.00000E+O0C  0.0000CE+00  -7.48E+Q0
X2003.3/2H20_ Potassium Carbonate 0. 0DPDDDE+DD 1.00DDDE«DD 1.000 0. D00D0E+OD 0. 000D0E+DD 0. O0DODE~OO ~1.19E+D1
CaloE}2 Portlandite 0.0Q00DE«0Q 1._00DOVE+(D 1.000 0.00C00E+QQ 0.000C0E«QD 0.00CO0E+OC -1.80E+00
K2MgCTaZ (S04) 4, 2H20, Polyhalice 0.00000E+ 0D 1.006000E+0OC 1.¢00 0.00000E+00 0.000COE+QD 0.0C0D0E+DO -2.31E+01
Na2Ca (C0312 .2K20, Pirssonite C.00000E«00  1.00000E+00 1.000 0.00000E+00  O.0000CE+0D  0.0DCOOE+00  -6.35E+00
K2Mg (504)2.6H20 Picromerite/Schoen 0.000008+00  1.00000E+00 1.000 0.00000E+00  0.0000CE+0C  0.C0COOE+0D  -1.58E«+C1
MgCO3,3H2C Nesguehonite 0.00000E+00  1.00000E<DQ 1.000 0.00000E+00  0.00000E+00  O0.0000BE+0D  -B.04E+00
Na2CC3.10H20 Natron 0.C0000E+0QD 1.000C0E+00 1.000 0.00000E+QD 0.00000E+Q0 0.00000E+DD -5.48E+0Q0
NaHCC3 Nahgolite 0. 00000E+DD 1.00DDOE+QD 1.000 0. DODDOE+OD 0. 00D0DE+DD 0. DOODDE+DD -7.55E+00
NaBO2 . 4H2Z0, Sodium _Metaborate 0.00000E+00  Z.00Q000E+Q0 1.000 O.00000E+00  0.000COE+00  0.CQ000E«GS -B.25E+00
Na2s504, 10H20, _ Mirabilite ¢.00Q00E+0G  2.0C000E+GE 1.000 9.00000E+Q0C  0.0Q0000E+00  0.CO000E+00C  -4.12E+00
KHS04 Mercallite 0,Q0000E+DQ 1.00000E+D0 1.000 0.00000E+QC 0 .DCOOCE+0D 0.00CO0E+D0 -1.72E+01
Mg2Cl{OH}3.4H20______ MgOxychloride 0.Q0000E~QD 1.00000E+DO 1.000 0 .00000E+O0 0.0000CE+O0D 0. QO0OQE+Q0 =5.7TE+00
MgCo3 ice 0.00000E+0C  1.00000E+DO 1.000 0.00000E«DC  0.Q000OE+00  O.00C0OE+Q0  -5,37E+00
Na4Ca (50413 .2E20 Lapile_salt 0.00000E+00  1.00C00E+0Q 1.000 0.Q00Q0E+00  0.00Q00CE+00  ¢.00000E+0D  -1.33E+01
K2HMgi{504)2. 4H20 Leonite 0.0DDPOELDD 1.00000E~00 l1.00C 0. 000DOE+DD 0. 00DNOE+CD 0. 00DCOE+DD -1.62E+01
MgS04  H20 Kieserite C.000DDE+(QQ 1.00000E+00 1.0600 0.00COOE+CD 0.000RDE+0Q ©.00000E+00 =1.21E+Q)
KHCO3 Kalicinice 0.00D00E+GD 1.0GD00E+QD 1.000 2.000G0E+0Q 0.00000E+00 0.00000E+CD -9 .54E+00
KRMgClscd L IH20. Kainite 0.00000E+00 1.0C000E+00 1.000 0.00000E+00 0. 00000E+Q] 0.0CCOOE+CE -1.538+01
HgS04 . 6H20, Hexahydrite 0.00000E+00  1.00000E+Q0 1.000 0.00000E+00  O.0000CE+J0  0.00COQE+00  -1.06E+01
NaCl Halite 0.00000E+00 1.00000E+00 1.000 C.Q0000E+DO 0.D000CE+0Q 0.000C0E+00 -3.50E+00
Tas04.2H20, Gypsum 0.000Q0E+00  1.00000E~DO 1.000 0.00000E+00  0.00000E+DD  O0.00DCOE«OD  -3,77R+00
Na2Ca{s04)2______Glauberite 0,00000E+00  1.000CDE+00 1.000 0.000D0E+DQ  0.00000E+D0  {.QOQQDE+OD  -B.41E+00
CaNa2(CO312.5H2C_______ Gaylussite 0.0D00D0E+CD  1.0CU00E+CO 1.000 J.000C0E+GO  0.000COE+00  0.CQODQE+0C  -6.18E+00
MyS04 . TH20. Epsomite 0.0000DE+CD  1.00000E+CO 1.000 0.00000E+0C 0.0000CE+00  0.0D000E+0(  ~1.04E+01
KMgCl}, 6H20 Carnallite C.0DDOOE«D0  1.00C00E+Q0 1.000 0.000Q0E«0C  0.0000CE+J0  0.C0CDJOE+00  -1.B4E+01
Ca2Cl2 (0H)2.H20____ CaOxychloride B 0.00000E+DC  1.00C00E+00 1.000 C.O0DOOCE+DO  0.00000E+30  0.00000E+00  -1.24E+01
Cacl2. §H20. CaClz_Tetrahydrite 0.00000E«00 1.000C0E+«DO 1.000 0.0000OE+0Q ¢ .00000E+CC ¢ .0000GE+DO -1.26E+01
ot Tolok} Calcite 0.00000E«00  1.000CGOE-00 1.000 0.00000E+00  0.C0000E+00  O.0000CE+00  -9.02E-01
Na6CO3 (50432 Burkeite 0.60009E+00  1.00000E+00 1.000 0.00000E+00  ©.COM00E+QGD  D.OODDOE+OD  -1.61E+0C1
Na2Mg (504)2 . 4H2O, Bloedite ¢, 0DDOOE+QQ 1 .000002+00 1.000 € .00000E+0Q 0.00000E+Q0 0.00CO0E+GC -1.52E+01
MgCl2 6H20______  __Bischofite 0.00000E+00  1.000OUE+DO 1.000 C.00000E+00  0.0000CE+00  0.QO0Q0QE+00  ~-1.53E+QL
K2504 Arcanite 0.00000E+00  1.00000E«DO 1.000 G.00000E+00  0.00000E+U0  0.00000E+D0  -£.14E+00
£aco3 Aragonite 0.000002+00  1.000Q0E+00 1.000 0.000090E+00  C.00000E+0C  0.00O00DE+00  =1.09E+D00
CaCl2 . 6H20. Antarcticite 0.00000E+QQ 1.00000E«DO 1.000 0.00000E+Q0 0.00000E-OD 0.00000E+Q0 ~1.11E+CQ1
Nai(3 (S04)2__ Aphthitalite/Glaserite 0,0C000E+00 1.00000E+00 1.000 0.00000E+00 C. 00000E+0OQ 0.00000E+Q0 -1.07E+01
Cas0q - anhydrite 0.00CC0E+00  1.0000CE+QQ 1.000 0.000002+00  ©0.0C000E+00  ©.D0000E+J0  -3.9BE+DC
NaBO2 NaCl.2H2Q __Teepleite _(20_C) 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.00000E+Q0  0.000CCE+00  -1.15E+01
NaB50§ . SH20, Sodium_Pentaborate 0.00000E+0D0  1.0000Q0E+00 1.000 0¢.900008+00  0.00000E+OC  0.00OQDE+Q00  -4.7BE+01
to.tatrace.base.only 0.00000E+0D 0.00000E+Q0 1.000 0.00000E+00 0, GON00E+OD 0.00000E+90D -2 _93E+02
te.Citrate.acid.only 0.CQ0C0E+00  0.00CC0E+00 1.000 0.60000E+00  ©.COQUDE+Q0  0.00000E+0)  -2.54E+02
BAOS{QOH} 4= B405 IOH) 4= 0.0C000E+O0 G.00000E+0D 0.1519 0,C0030E+00 0.C0000E+0Q0 0.00000E+00 -3.36E+01
K8H4 (C03)6.3KH20___K-Sequicarbenate Q,00C00E+DD 1.D0000E+Q0 1.000 0.0C000E+00 ©.00000E+0Q . 00000E+C0D -6.,18E+01
B0 (OH) 4~ B303 (OH) 4- 0.0000CE+DO  ©.00000E+Q0  0.5412 0.0C0C0E+GC  0.000UOE+00  C.COQ00E+0D] -2.70E+01
prH = =log[miBH+}] = 12.7140
PH = -logia(H+)] = 12.8532
Qgmotic Coefficients 0.915612
Equilibrium RH {%) = 99.302313 .
Ioni¢ Strength {m) = 4.213115 Fa
Density, kg/m3 = 1007.82 .
NOTES: - Water "molality* is mele fractioen H20 in agueous phase

- Gas "molality* and ractivilty" are gas partial pressures :
- *"Descriptor* means: ‘1




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

Page 147

Appendix M: Sample Output File “BATCH_DOC.OUT™

*AG/RT/Anl0 for species with nonzero conts. (convergence triterion)
*Saturation Index £or minerals, SI=logl0{IAP/Ksep)

*loglOactivity) for aquesus species with very small concentratisns
*logll(partial pressure) for gases

Total G/RT= ~5.30370149E+03

Total Diagonal Inversions 85
Total Stoichiomerric Reoptimizations 10
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

| See Table 27 for explanation of this listing,

INPUT fije name is ULl: [SCBABB.FWT.USFRGUIDE]NP _NACL BM_LOG.IN;1
INGUESS £ile name is Ul:[SCEABB.FMT.USERGUIDE]NP_NACL_BM_LOG.INGUESS:1
QUTFUIT file name is Ul:[SCBABB.M.USERGUIDE]NP_NRCL_BH_IDG.OUT;I
. CHEMDAT file name is Ul: [SCBABB.M.USERG‘UIDE]M_M_NP_AH.WBEAT;l
., Temperature is Hard Coded as 298.13K
 Benchmark TITRATE Problem. LOGLC option: Np(VIQZ with CO3 in 5.61molal NaCl  FMT V2.0
DATRBASE: HMWB4/FWE6; Np(V)-Na-CO3-OH-C1-Cl04 (NR9L);
> 95,01.31 Am(III}-Na-Cl-CO3-504-P04 (FRSR89,FRFY0.PY91, RFFRYZ RFFI4,RRFFI4)

. .
U L L T L L L T LT T T T T T P PP

~% e« PCHO PRINT OF "CHEMDAT® FILE WOULD BE HERE **"

Tl v SEE APPENDIX J bl

R T L L L LT e L LT LE s T R

TITRATION Problem:

-} hssigning all delta(y) %o 0.1 m

-) Setting ¥ of nodes in Y-direcrion to 3
-) Setting NONREACTIVE Porosity to 0.0

Specifying VARIABLE POROSITY for TITRATION Problem

Aquecue Densifty is a Functiom of Compasition
RHOMIN file name is Ul:{SCBABB.FMT.USERGULIDE] FMT_HMW_NF_AM.RHOMIN; L

Ll T T T L e L L e T E e s T AT L P Y

+++ TABLE OF MINERAL DENSITIES, KG/M*3 WOULD BE HERE ***
i SEE APPENDIX L il

e L L T T L R L L L T T T L T L T T

GRID BLOCK VOLUMES, in liters
1.00E+00 1.00E+0D 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+0C 1.00E+00 1.G0E+00 1.0CE+D0 1.00E+00 1.00E+00
1.00E+00 1.00E«00

1.00E+00 1.00E+00 1.00E+«D0 1.00E+00 1.00E+00 1.Q0E+00 21.00E+00 1.0QE+0Q 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+QQ
1.00E+00 1.00E+00

1.00E+00 1.00E+00 1.00E+0¢ 1.0CE+00 1.0QE+00 I.0CE+0C 1.00E+00 1.GOE+0C L.CCE+0G 1.00E«00 1.00E+00 1.00E+00 1.COE+GO
1.00E+00 1.00E+0D

# inversjons for batch pblm S0
1Bencnmark TITRATE Problem. LOG10 option:; Np(ViOZ2 with €03 in 5.6imolal NaCl FMT V2.0
DATABASE: HMWB4/FWE6; MNpiV)=-Na-CO3-CH-C1-Cl04 (NRS4);
95.01.31 AM{III}-Na-Cl-CO3-SQ4=-PO4 (FRSREB%S,FRF90, P91, RFFRIZ,RFF94.RRFF94)
Pressure= 1.00000E+GD {=] ATM Temperatures 2.9BE+02 (=] Kelwin

Elemental Abundances for Flash Problem

Total Moles Ag. Molalicy Ag. Molarity Ag. mg/liter
1.11017363E+02  1.11029658E+02  1.00100314E+02  1.00891107E+0S Hydrogen
6.15086815E+01  6.15154934E+01  5.5456013B8E+01  B.8732B344E+05 Oxygen
5.61000000E+00 S5 61062129E+00 S.0583327EE+00  1.16289907E+05 Sodium
0.00000000E+00  ©.00000000E+00  0.0000GO00E+DD  O.COOOOCOOE+DQ Porassium
0.0000C000E+00  D_00000UD0E+QO0  0._CCCODOOQE+ID  ©.000D000CE+«CD Magmesium
0.00000000E+00  Q.000OOOOOE+00  0,.00000000E+D0  0.00000000E+Q0 Calcium
1.61000000E+00 1,61017830E+00 1.45167838E+00 5.14663538E+04 Chlorine
0.00000CD0E+00 - 0.00000GGCE+00  0.000GCCOQE+0D  0.00000000E+00 Sulfur
2.000000D1E+00  2.00022150E+00  1.80332719E+00 2.16597629E+0¢ Carbon
0.00000000E+QQ  0.00000000E+CC  0.CCO00000E+D0  C.0D0DO0Q0QE+00 PosIon
0. 00000000E+0D 0.00000000E+CC  O.CCOOUODOE+DD 0.000C000E+00 NegIon
0.00000066E+D0  0,00000000E+00  ©.0000DOOOE~00  0.00D00C00E+00 Adr
0.000000CCE+Q0  O.000000QUE+00  C.Q00CQODDE+B0  0.00000000E+00 Boron
0.00000000E+00  O,GODODOOOE+00  C.0Q0D0ODOE+00  0.0CO000COE+00 Bromine
£.00000000E+00  O0.DD0000Q0E+QCC  0.0000000QE+0D  C.0000CU00E+0D TracerEl
©.00000000E+Q0  0.00000000E+0C  0.00000Q00E+G0  0.00000000E+0D Th{IV}
0.00000000E+D0 0, QQDOODOOE-D0  ©.00GO0OQCE+OD  0.0000000CE+Q0 Am(IIX)
0.0000000RE+DY O, COCOOODDE+OC  ©.05000000E+00  0.0000000CE4G0  {VI)
D.0000000RE+DD O, CO0000UQE+QR  O.CCO00ODGE+00  0.0000U0QCE+OD Np(V)
0.CO00000CE+00  0.COCOO0O0E+CC  0.CO0O0000CE+0C  0.00C0000CE+RD ClOd- (EL)
0.00000DJ0E+00  C.(000D000DQE+QQ  ©.00000000E+O0  0.00C00000E+Q0 FPhosphorus
0.00000C00E+00 0. 00000000E+DD ¢.00000000E+00  {.00C00000E+OC Elecrron
-2.22044605E-15 -2 22069156E-15 -2.00209536E-15 0.0000J00Q0E+00 Charge

Sclution Parameters, Calculated
SOLUTION MASS 1306.07032909890 grams
H20 MASS 993 . BB9265717486 grams
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

B TCS{g/kg) 306.214981877726 g/kgH20

Specified Solution Density
DENSITY 1177.63607439302 kg/m~3 = g/1

I Solutiecn Parameters Based on Specified Density

Pl SOLUTION VOL 1.10906108219560 liters
B ™8 276.072326670473 g/l
Density based en TDS and NaCl solutions 1177.63607439302 g/l

Percent relative error vs NaCl density 0.00000000C000C0DE«GO0 %

TRBELE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Melality Activity Act Coef Total Moles  Molaxity mg/liter Deseriptor
H20 WATER B.57464E-01 £.59843E-01 1.603 5.55025E+C1 5.00446E«01 §_01564E+Q5
Nas Na+ 5.61062E+0C 3.69881E+00 0.6593 S.61000E+00C 5.05833E+00 1.16290E+05
CO3= colr 1._99407E+00 4.08214E-02 2.0522E-02 1.98383E+00 1.7%778E+0D 1. D78BE+DS
Cl- Cl- 1_6101BE+00 1.06477E+00 0.6613 1.61000E+00 1.45168E+00 5.14664E+04
HCO3- HCO3~ §,14734E-03 1.59044E-C3 0.2587 6.14666E=-03 5.54222E.03 1.38170E+02
OH- OH~ 6.14733E-03 4 .,BE901E-~D3 0.7921 6.14665E-03 5.54221e-03 9. 42580E+01 2.00E-11
Co2(ag) cozZ (aq) 2.36B76E-09 7.15913E-09 3.022 2.36850E-09 2.13559E-0% 9.39868E-05 ~2.12E-07
H+ H+ 2.39954E-12 1.77959E-12 0.74186 2.39327E-12 2.16334E-12 2.18043E-09 -8.58E-08
Nal3H{CO3)2.2H20__ . Trona 0.00000E+D0 1.00090E~00 1.000 0.C0000E~D0D Q.00000E+00 0.00000E+CD ~1.57E+0D
HCliaq)....--- to.titrate.acid, only 0.00000E+D0 0.,00080E~00 1.000 0.0C000E+00 0.QO00CE+00 0, 00000E+00 -2.52E+02
N NaOH{aq}...-.- ro.titrate.base, only 0.00000E+00  0.0000G0E+00 1.000 0.00000E+00  ©.00000E+00  0.00000E+00 -2.92E+02
! NaCl Halite 0. 03000E~00D 1.00000E+D0 1.000 0.0CCO0E+CO 0.00000E+00 0.C00000E+DD ~9.75E-01
T73 NaHCOe3 — Nahcolite 0.00000E+00 1. J0000E+D0 1,000 0.00000E+Q0  0.00000E+00  0.0CCODE+OD  -1.B3E+D0
* Na&2C03, TH20, Na2C03-Heptahydrate 0. 0DODOE+DD 1_00000E+D0 1.000 0.0D0R0E-QQ 0.CG0000E«DD 0.00C0CDE+DD -2.51E~-01
Na2C03 .H20, Therménatrite 0.00000E+DO 1.00000E+00 1.000 0.C0000E+DD 0.00000E+00 0, 00000E«0D ~7.9%E-C1
Na2C0Q3 . 10H20 Natron 0 .00D00E~0O0 1.000C0E+00 1.000 0.C0000E-Q0 0.00000E+QD 0.00000E+00 -8.30E-02
prH = -loglm(dH+}) = 11.6199
PH = -loglaiB+)] = 11.7497
Osmotic Coefficient= 0.908418
Equilibrium RH (%) = 85.984284
Ioniz Strength (m) = 7.604695
Density, kg/m3 = 1177.64
NOTES: - water "molality” is mele fraction H20 in agueous phase
« Gas *molality® and ‘activity" are gas partial pressures
. - *Descriptor” means:
o =35 /RT/Inld for species with nonzero concs. {(convergence criterion)

e *Gaturation Infex for minerals, S5I=logl0{IAP/Kep}
; *loglO{activity} for aqueous species with very small concentrations
+logl0(partial pressure} for gases

Total G/RT= -6.42133776E+02

Reaction # 1 sldsum 2.06000000000C000
This is a solid-only reactien

shifting left by 4.64434654478256
calling makenuv for allomorphic reactions
! # inversions for batch phlm 75
1Benchmark TITRATE Problem, LOG10 option; Np(v]02 with CO2 in 5.6lmolal NaCl FMT V2.0
DATARBASE: HMW84/FWB6; NplV)-Na-CO3-OH-C1-Cl04 {NR94};:
95,01.31 Am{IIT)~Na-Cl-CO3-504-PC4 (FRSRBS, FRF90, P91, RFFRIZ, RFF94, RRFF94)
Pressures 1.00000E+G0 [=] AT Temperature= 2.98E«02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molaliry Agq. Molarity Ag. mgrlicer
1.11018363E+02 1_110175912+02 9.93838868E+0 1.00169020E+05 Hydrogen
1.05508682E+02 5.55113597E+01 4_96942389E+01 7.95078006E+05 Oxygen
1.5€6100000E+01 5_61057382E+00 5.02263316E+00 1.1546%1818+05 Sodium
0. 00G00000E+DD 0.00000000E+00 0.0CCDOU00E+DD 0.00000000E+00 Potassium
0.00000000E+00 0.0000CD00E~DO 0.00000000E+00 0.00C00000E+00 Magnesium
0. 00000000E+GE Q.00000GJ0E~DD 0.00C00000E+CQO 0.00000000E+CD Calcium
5.61100000E+00 S.61096098E+00 5.0229797SE+00 1.78079701E+05 <Chlorine
Q.00000000E«00 ¢.000D0O0OOE+DD 0.C0000000E+DD 0.00080000E+00  Sulfuxr
1.9000000C0E+02 6.12839261E-04 5.48618892E-04 6.58946152E+00 Caxbon
0.000G0T00E+L0 0. GUG00000E-D0 0. 0DOODOOOE+OD 0.0000C0POE+OC Poslon
4.0000C000E+CO 0.C0000000E+Q0 0.00000000E+00 0.00D0000CE+3) NReglen
9. QD0OCOQ0E+DQ 0.00000000E+Q0 0.0000CC00E+QQ 0.00000000E+00 Rir
0.00000000E+Q0 C.00000000E+OD 0.80000000E+CO 0.60000000E400 Boron
0.90000C0JE+Q0 0.C000000QE+Q0 0.C0000N00E+00 0.00000000E+Q0 Bromine
0. CQ000000E+D0 0.00000000E~DO 0. 00000000E+Q0Q 0.00000000E+D0 TracerEl
0.C0000000E+00 0.0000C00OE~DO 0 .0000C00CE«D0 0.000000C0E+D0  Th{IV)
0.00G000QCE+CD 4_00002000E+00 0.000000C0E00 0.0000C000E+QC  Am{ITII)
0. 00C00D000E+C 0.00000C00E~DQ 0.0000C000E+QD C¢.00000000E+QC UI(VI}
3-000CDO00E+C] 6.1283%261E-04 5.48618B92E-04 1.30048121E+02 HNp(V)
0.00000000E~00 §.00000000E+DD 0.00000000E+CD 0.00000000E-00 Clod-{EL}
0.00D0ORDO0E~DD 0, 0C000000E-CD 0.0C00000D00E~CQO 0.0000C000E+00 Phesphorus
0. 00C00000E+O0 0.00C00C00E+Q0D 0.9000000C0E+DOD 0.00000000E+00 Electron
-2.37316632E-15 -2_37114981E-15 -2.12446380E-15 0.0C000000E+C0 Charge
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Solution Parameters, Calculared
SOLUTION MASS 1328.11614865142 grams
H20 MASS 1000.00695466819 grams
TDS (g/kg) 328.106912108529 g/kgH20
Specified Solution Density
DENSITY 1188.93254605477 kg/m~3 = g/l
Sslution Parameters Based on Specified Density
SOLUTION VOL 1.11706502116201 liters
TDS 293,724084134187 g/l
Dengity based on TDS and NaCl sclutions 118E.,93254605477 g/1
Percent relative error vs NaCl density 0.00000000000CCC0E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8.31822E-01 7.77955E-01 0.9352 5.55091E+01 4.9631BE+QL B.95208E+05
NaNp02G03 {s) NaNpD2C03 (s) 9.999325+00  1.DDOODE+CO 1.000 9.99939E+00  B.95147E+00  3.15133E+06
cl- cl- 5.61096E+D0 5.23329E+00 0.9434 5.61100E+00 5.02298E+0D 1_780BCE+DS
Na+ Na+ 5.61057E+D0 5.29268E+00 0.9433 5.61061E+00 5.02263E+0D 1.15469E+05
NpO2+ NpO2Z+ 6.12705E~04 1.21978E-03 1.851 6.12709E-04 5.4B499E-04 1.47572E+02
Co2(ag} cozZ (aq) 3.B6103E-04 1.12115E-03 2.904 3.BE106E-D4 3.45643E~04 1.52117E+01
HCO3- HCO3 - 2.26571E-04 8.38810E-05 0.3702 2.26573E-04 2.02829E-04 1.2276CE+01 4 .26E-09
NpO2Ca3- Npl2l03- 2.33525E-07 2.42971E-07 1.828 1.33527E2-07 1.18534E-67 3.83334E-62 -1.99E-11
H+ H+ 1.21872E-06 4.78095E-06 3.923 1.21873E-06 1.09101E-06 1.09962E-03 -4 ,38E-0B
CO3= cO3= 3.09384E-08 £.03342E-10 2.5966E-02 3.08386E-08 2.76%63E~Q8 1.66203E-03 -1.62E=07
OH- OH= 3.01685E-09 1.63977E-09 0.5435 3.01687E-0% 2.70071E-09 4.59318E-05 2.55E-08
NpO2CH (ag) NpO2OH{ag) 7.72186E-10 7.72186E-10 1.000 7.72191E-10 £.91267E-10 1.87740E-04 1.87E-07
Np02 (COT ) 2=~ NpQ2 (C03)2=~ 1.98384E-11 5.13354E-16 2.5877E-05 1.98385E-11 1.77595E-11 6.90960E-06 =1.62E-07
NpO2 (OK) 2~ NpO2 (OH) 2- 2.04282E-16 6.10703E-17 0.2988 2.04383E-16 1.82964E~16 £.54494E-11 2. 13E-07
NpO2 (CO3 ) 3==~ NpO2 {CO3] 3==~ 1.25197E-16  9.87836E-26  7.B90BE-10  1.25198E-16  1.12077E-16 5.03310E-11 -3 .23E-07
NpO2CH (aged) NpO20QH (aged) 0.00000E+00 1.000C0E+0Q 1.000 0.00D00E+DO 0.0000CE+00 C.000C0E+0D -2.38E+00
NaOH {ag), ... to.titrate.base.only 0.00000E+00  0.00000E+00 1.000 0.CO0QUE~00  0.000DOE+00  0.00000E+00  -2_99E+02
HCliag)....... to.titrate. acid.only 0.00000E+0D 0.00000E+00 1.000 0.000Q0E~00Q 0.00000E+D0 0.00CO0E+00D -2 _45E+02
Na3NpO2 (C03) 2 {s)_DISABLED DISABLED 0.00000E+00 1.000CCE+O0 1.000 0.000Q0E~00Q 0.00000E+00 0.00C00E+0D -9 _36E+02
NaCl Kalite 0.00000E+00  1.00000E+00 1.000 0.C0000E+00  0.00COCE+O0  0.00000E+00  -1.23E-01
NaHCQ3 Nahcolite 0.00000E+0Q 1.00000E+00 l.000 0.C0000E+00 0.0000CE+00 0.0C00C0E+DD ~2.95E«0Q
Na2Ce3 ., 1 QH2D, Natren 0_00000E+DD 1. 00D00E+DO 1.080 0.000DDE+DO 0. 00000E+0D 0.000BQE+QD -7 B1E+00
Na2C03 . TH20, NazZCQ3-Heptahydrate 0.00000E+00 1, 00Q00E+00 1.000 0.00000E+00 0.00CO0E+DO ¢ .00000E+D0D ~-7.95E+00
Na2l03  H20 Thermonatrite 0.00000E+00  1.CO000E+00 1.000 0.00000E+Q0  0.00CQQE+00  0.00000E+00  -§.24E+00
Na3E(C03}2.2H20, Trona Q.00000E+0C 1.00000E+0D 1.000 Q.00000E+00 0.0CC00E+0D 0.90000E+Q0 -1.02E+31
NpO20H {amor ) NpO20H (amar) 0.000D0E+00  1.0C00DE+00 1.000 0.00000E+00  0.00CO0E+00  0.00000E+00  -2.98E+00

pH = ~logim{H+}] 5.9141
PH = -logla(H+)) = 5.3205
Osmotic Coefficient= 1.241871
Equilibriuvm RH (%) = T7.755863
Ionic Strength (m) = 5.611188
Density, kg/ml = 1188.93

NOTES: + Water "molality" is mole fraction H20 in aqueous phase

- Gas "molaliry" and "activity" are gas partial pressures

- *Descriptor” means:
+*dG/RT/1nl0 for species with nonzers concs. {convergence critericn)
+*Saturation Index for minerals, SI=1ocgl0(IAP/Ksp)
*loglOt{activity) for aguecus species with wery small concentratiens

*loglG{partial pressure; for gases

Total G/RT= -1.33323084E+04

Flashing Titration #% 1

# inversions for batch pblm 11

747 1Benchmark TITRATE Problem, LOG10 option; MNp(V}0Z with CO3 in 5.61molal NaCl

FMT V2.0

i+ DATABASE: HMWS4/FWBS; Np{V)-Na-CD3-OE-Cl-Cl04 (NR94); %
55.01.31 Am{III}-Na-Cl-CO3-504-P04 (FRSRE%, FRF30, P91, RFFRIZ, RFF94. RRFF94)
Pressure= 1.00000E-00 [=] ATM Temperatures 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Mcles

hg. Molaliry

AgQ. Molarity

Ag. mg/liter

3.85857174E+0C1 1.11017593E+02 9.93838868E+01 1.00169020E+05 Hydrogen
31.66707638E+01  5.55113557E«01 4.96942389E+01  7.9507BO0CEE+(5 Oxygen
5.42543623E+CC 5.61057382E+00 5.02263316E+00 1.154691F1E+05 Scdium
0.00GE0000E+QO 0. 00000000E+DD 0.00000000E+00 0.00C00CO0E«00 Potassium
{0.00000000E+CO 1.00000000E+DD 0.00000000E+00 0.000000C00E+00 Magnesium
0.00000000E+00 0.00000000E+Q0 0.00000000E+00 3.00000000E+00 Calcium
1.95016801E+0C 5.610960988+00  5.02297975E+00  1.7B079701E+0S Chlorine
{.00000000E+0C 0.0C000000E+D0 0.000C00COE~DD 0.00000000E+00 Sulfur
3.47561578E+00 6.12839260E-04 %.48618892E-04 6.58945151E+00 Carbon
4.00000000E+00 0.00000000E+CO 0.000000C0E+DD C.00000000E+QC PosIon
{.C0000000E+00 0. 000DG0O00E+D0 0.0D000000E+CE 0.00000C00E+00 Neglcn

¢, 00O000COE+OD 0. 000C0000E+QO 0.0000D000E+DQ 0.00000000E+00 Air
0.CO0D000L0E+OD 0. 000C0000E+QD 3.00000000E+00 0.00000000E+00 Boron

€. 00QD000DE+0D 0.000C0000E+CD Q.00000000E+O0D 0.00000000E+QD Bromine
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

0.0CO00000E+00 0.00000000E+D0 {0.000000CCE+CD 0.00000000E+QCG TracerEl
0. 00000000E+0D 0.00000000E+D0 0.000000CCE+00 0.0000CC00E+00 Th(IV)
0.00000000E+CQ0 0. 000000DC0E+00 0. 0000DCOVE+DD 0.00000000E+00  Am{III)
0.CO000G0QE«00 0.00000000E+00 0.000C0000E+00 0.00000C00E+CE  U(VI)
3.47561578E+00 6.12835260E-04 5.48618892E-04 1.30049121E+02 Np(V)
C.C00000D0E+DD 0.00000000E-00 0.00000000E~00 0.CO000000E+D0 ClOd-(EL}
0.06000000E+00  0.COQ00DQOE+Q0  0.00000000E+D0  C.00CQDO00E+20 Phosphorus
0.00000000E+00 0.00000000E+00 Q.0000000CE+QD 0.00C00000E+00 Electron
-6,945258%0E-16 ~1.99B26752E-15 -1.7BB866C1E-15 0.00000000E+00 Charge
Soluticn Paramerers, Calculated
SOLUTION MASS 461,602144251012 grams
H20 MASS 347.563995068956 grams
TDS (g/kg) 328.106912108175 g/kgH20
Specified Solution Density
DENSITY 1186.93254605459 kg/m"3 = g/l
Solution Pavamerers Based on Specified Density
SCLUTION VoL 0.388249228926247 liters
TDS 2%3.724084123503 g/1
Density based on TDS and NaCl sclutions 1188.93254605459 g/l

Percent relative error vs NaCl densiry 0.0000C0000C000DCE+ODD &

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molalaty Activity Act Coef Total Moles Molaricy mg/liter Descriptor
H20 WATER 8.31822E-01 7.77959E-01 0.9352 1.92928E+71 4.96918E+01 B.S5208E+05
NaNpO2C03{s) NaNpO2C03{s) 9.99932E+00  1.00DOOE~COD 1.000 3.47540E+00  8.95147E+00  3.15133E+06
ci- cl- 5.61096E+00 5.29329E+Q0 0.9434 1.85017E+00 5.0223BE+00 1.78080E+05
Na+ S.51087E+0D 5.2926BE+00 0.9423 1.95003E+DD 5.02281E+00 1.15469E«05

NpO2+ §.12705E-04 1.21978E-03 1.991 2.12954E~-04 5.4B439E-04 1.475T2E«02
COZ (ag) _ Co2{aq) 3.B6103E-04 1.12113E-03 2.304 1.34196E-042 3.45643E-04 1.52117E+01
HCO3- HCO3 -~ 2.26571E-04 8.3BB10E~0S 0.3702 7.87481lE-05 2.02825E-04 1.23760E+01 -6.17E-1%
H+ H+ 1.21872E-06 4.78095E-06 1.923 4.23582E~-07 1.,09101E-06§ 1.09962E-03 &.17E~15
NpO2C03- NpO2C0i- 1,33526E~07 2.42971E-Q7 1.820 4 .64090E-08 1.195343E-07 3.93334E-02 1.85E-14
£03= co3= 3.05384E-08 8.03343E~10 2 . 596EE~02 1.07531E-08 2.76963E-08 1.66203E~03 0.00E+00
OH- CH- 3.01685E-09 1.63577E-05 0.5435 1.04853E-09 2.70071E~0% 4.59318E-05 ~6.17E-15
NpD2OH{aq) NpO20H (aq) 7.72186E-10 7.72186E-10 1.000 2.68384E-10 6.91267E-10 1.97740E-04 0.00E~00
NpO2 (CO3) 2=~ NpO2 (003} 2=~ 1.38384E-11 5.13355E-16 2.5877E-05 6.89511E-12 1.77595E-11 §.30360E-0¢ J.00E+GT
NpO2 (OH) 2~ NpO2 (CH) 2~ 2.04381B-16 6.10703E-17 0.29E8 7.10356E-17 1.82964E-16& 5.54494E-11 1.23-14
NpO2 (C03) S==~ NpQZ{C03)I==- 1.25197E-16 9.87897E-26 7.85%08E-10 4.35139E-17 1.12077E-16 5.0331CE-11 -3 _53E-10
HCliag)....... to.titrate.scid.only 0.0C000E+00 0.00000E+0C 1.000 0.00000E~00 0.00000E+00 0.00000E+00 -2 .45E+02
NpO2OH (aged)____  RDO20H{aged) 0.00000E+00  1.00000E+00 1.00C 0.00C00E+00  0.000DDE«D0  Q,00000E+DO  -2,38E+D0
NpO20H ( amar') — NpO2OH{amor) 0.00000E+00 1.00000E«QC 1.000 0.00000E+O0 0.00000E+GE 0.0000DE+00 -2 .98E+D0
NaCH{ag)...... to_titrate.base,only C.00000E+00 4.000C0E+00 1.000 0.0D00CE+DD 0.00000E+G0 0. G0000E+00 ~2.99E+02
Na3WpC2{C03)2 (s} _DISABLED, DISABLED 0.000C0E«00 1.00DODE+OD 1.000 0.0000CE+DQ 0.00000E+CD 0.G0000E+00 -9.36E+D2
NaCl, Halite {J.00000E~DD 1.00000E+00 1.000 0.00000E+Q0 0.0000CE+0 0. 0000CE+Q0 -1.23=-01
NaHCC3 Nahcolite {.00000E+00 1.00000E+D0D 1.000 0.0C0Q0E+DD G.00000E+0D 0.00000F+00 -2.95E+00
Na2C03.10H20_ ____ Natron 0.00000E+00  1.0D0Q0E+00 1.000 0.0C00OE+Q0  0.000DOE+O0  9,00000E+DO0  -7.91E+00
Kaz2C0o3 . TH20, Na2CO3-Heptahydrate 0.00D00E+00 1.00000E+00 1.000 0.0D00YE+QD 0.00000E+CD 0.00000E+DD =7.95E+00
Na2C03 , K20 Thermonarrite 0.00000E+00 1.00000E+0C 1.000 0 .00000E+00) 0. 00000E+C0 C.C0Q00E«DD -8.24E+00
Na3H{CO3)2 2H2Q Trona 0.00000E+00 1.000C0E+0OD 1.000 0 .0000CE+QQ 0.C0000E+0D C.0COD0E+Q0 -1.02E+01
poH = -log[miH+)]) = 5.9141
PH = -logla(H+)] = 5.3205
Ospotic Coefficient= l.241871
BEquilibrium RE (%) = 77.7%5863
Ionic Strength (m) = S.611188
Density. kg/m3 = 1188.93
NOTES: - Water "molality” is mole fractipn HZO0 in aqueous phase

- Gas "molality” and "acrivity® are gas partial pressures

- "Descriptor”® means:
*aG/RT/1nl0 for species with nonzero concs, [(convergence c¢riteriom)
*Saturation Index for minerals, SI=loglO(IAP/Ksp) .
*lpglliactivity] for aguecus sDecies with very small concentraticns ra
*logit(partial pressure) for gases

‘toral G/RTe «4.63179813E-03
Flashing Titration # 2
# inversions for batch pblm 13 -
1Benchmark TITRATE Problem, LOG10 cption: Np(ViO2 with CO3 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWE4/FWB6: NpiV)-Na-CO3-0H-C1l-Cl04 (NR94}; —
95.91.31 Am({IIZ)-Na-Cl-CO3-S04-P0O4 (FRSR8Y,FRFI0.P%1,RFFRY2,RFF94, RRFF34)
Pressure= 1.00000E+00 {=) ATM Temperature= 2.988+02 [=} Kelwin

Elemenzal Abundances for Flash Problem

Total Moles Ag. Molalicy Ag. Molarity Ag. mg/lirer
3.85557275E=01 1.11017746E+02 9,93891116E+01 1.080174286E+05 Hydrogen
3.66763098E+01 5.55107903E+01 4.%96962723E+01 7.95110540E+05 Oxygen
5.42594206E+00 5.61014105E+00 5.02250276E+00 1.15466183E+05 Sodium

0. 00000000E+DD 0.000000GCE+Q0 0.CCO000COE+DD 0.000C000QE+OC  Potagsium
0.¢00000ROE+DD 0.00000000E+00 0.000000CCE+GC 0.00D0C000E+D0 Magnesium
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

0.000CD000E+DD 0_00000DQ0E+0C 0.00000000E+0D C.00000000E+00 Caleium
1.95031318E+00 5. 80%93114E+0D  5.02231483E+00  1.7BOSS128E«05 Chlorcine
0.0000000CE«00  0.000C000QE+CD  0_0000Q000E«00  0.00000000E+00 Sulfur
3.47579611E+00 §_50932337E-04 6.18560128E~04 7.42952570E+0{0 Carbon
0.00000000E+D0 G._0000G0CDE+DO 0.00060000E+00 0.D0O00000E+00 PosIon
C.000000Q0E«NDD  O.CCCOODOGE+O]  0.CCOO0000E+QD  ©.00000000E+00 Neglon
0. 00000000E«00 ¢, 00000000E+00 £.00000000E+00 0.00000000E+C0 Adr
0.00000000E+00  0.00000000E+00  ©.000000GOE+Q0  0.00Q000OOE+OD Boren
0.90000000E+00 0,00000Q00E«J0 Q.000GIU00E+GO 0.0600000Q0E+J0 Bromine
0.000000C0E+00  ©O.0CCOOOCOE+«QD  G.CGOOOOCCE+00  0.000D0QDOE+00 Tracer:l
0.0000000CE-00  0.00000000E+00  0.CCO0QO00E+0Y  0.00000000E+00 Th(IV)
0.0C0000000E+00 0.00000000E+DD 0.80000000E~00 0.00000000E+C0  Am{III}
0.00000000E+00 0.000D0C0DE+DD 0.00000000E+D0 0.000000G0E+Q0  UH{VI)
3.475€1578EXDD 1.72218651E-04 1.541794B4E~C4 3.654796%1E+01 Npi(V)
¢.0Q0000B0E+QD 0.00000000E+00 ©.000DCC00E+OD 0.C0000000E+00 Clo4-{EL)
0.0000CC00E-0Q 0. G0030000Es 20 T.00006C00E~00 0 .00G00000E+00 Phosphorus
0.00D0000JE+00 0.00000000E~Q0 0.00000000E+00 0.0000C0D0E+QD Electron
~7.46B06759E-16 -2.34813422E-15 -1.92312635E-15 0.00C000D0E+00 Charge

Solution Parameters, Calculated

S0LUTION MASS 461 665999617224 grams

H20 MASS 347.653675849716 grams

TDS{g/kg! 327.947988724253 g/ kgH2G
Specified Solution Densirty

DENSITY 1188.85111378891 kg/m~3 = g/l
Soluticn Parameters Based on Specified Density

SOLUTICH VOL 0.388329534508870 liters

T™ms 283.59683885%8300 grl
Density based on TDS and NaCl solutions 118B.B5111376691 g/l

Percent relative error vs NaCl density 0. 000000000000000E+000 &

¥ TRBLE OF CONCENTRATTONS FOR BATCH SYSTEM

Species Name Molality Activity Aot Coef Total Moles Molarity my/liter Descriptor
20 WRTER 8.31845E-01  7.78011E-Q1 0.%353 +.9297BE+01  4.96944E+D1 B, 35254E+0S

NaRpD2CO3 is) NaNp02C03 (8) 5.99718E+00 1.00000E+0Q0 1.600 J.47556E+00 E_95002E+Q0 3.150B2E+06

Na+ Ka+ 5.61014E+00  5.29140E+00 0.9432 1.95039E+00 5.022S0E+00  1.154668+05

c1- Cl- 5.60993R+00 5.29139E+00 0.5432 1.95031E+00  5.02231E+Q00  1.78056E+(0S5

HCO3~ HCO - 3.82212E-04 1.41513E-04 0.3702 1.32878E~04  3.42177E-04  2,0B7B7E+D1

o2 lag} CO2 (ag) 3.0B476E-04  B,95671E-04 2.904 1.07242E-04  2.76165E-04  1.21539E+01

NpO2+ NpO2+ 1.72085E-04  3.42481E-04 1.990 5.98258E-05 1.54059E-04  4.144%2E+01 ~1.64E=12
H+ He 5.77346E-07 2.26410E-06 3.822 2.007T16E-07 5.16872E-07 5.20955E~04 -1.5%E-11
NpO2CO3~ NpO2C01.- 1.33573E~07  2.43030E-07 1.819 4.64370E-08  1.19581E-0G7  3.93490E-02 -2.47E-14
o= Uiz 1.10196E-07 2.86188E-03 2._59T1E~02 3.B3099E-0B  9.B6531E-0B 5,92010E-03 2.55e-11
OH- ON- 6. 3TO2RE-0F  3_46282E-0F  G.5436 2.21466E-0GF  5.TO0303E-09 §,69532E-05 1.64E-11
NpO20H (ag) RpO20H{ag) 4.57851E-20 4.57851E-10 1.000 1.39174E-10  4.09893E-10  1.17252E-04 =1.01E-11
NpOZ {QQ3 )2~ NpO2 (03} 2= 7.06677E~11  1.B2925E-1% 2_SBESE~-05 2.45679E-11 6.32656E-11  2.46144E-05 2.65E-11
NpOZ (C03 ) I==u NpOZ (CO3) d==- 1.58546E-15  1.25406E-24 7.9097E-10 S.51)92E-16 1.4193%E-15 6,37413E-10 -8,77E-11
RpO2 (OH) 2- NpO2 (0H) 2~ 2.55903E-16 7.64679E-17 0.29BB 8.89657E~17 2.2909BE-16  €._94309E-11 6.38E-12
NedB(O0312.2H20 _— Troma 0.00000E+0QC  1.00000E+QQ 1.000 C.00000E+C0  0.DODOOOE+00  O.COO00E+DQ =9 40E+0D
Na2C03 .H20 Thernspatrite 0.00000E~00  1.00000E+Q0 1.000 0, 00000E-00 C.00000E+Q0  0.00000E~00 =7.69E+00
Na2003 . TH2Q, Nal2003-MHeprahydrate 0. 0e000EO0 1.00000E+00 1.000 G.0000GE+GC G, 00000E+0Q G . GA0Q0E+00 -7.40E+0C
Na2CO3 .10H20, Matron 0. GOOODE+OD 1.00000E+D0 1.000 0.Q00D0CE~QD 0.90000E+00D 0. 0C000E~DO =7.36E+00
NaMCO3____ = == = Nahcolite 0.00000E+0C  1.00000E+0O0 1.000 C.00000E«00  ©,00C00E+00  O.0Q0CODE+00 -~2.72E+00
NaCl Halite 0.00000E+Q0  1.000QCE+00Q 1.000 C.QUQUOE+00  0.0COGCOE«DD 0. QDDOOE+DCQ ~1.23E-01
NalNpOZ {CO3)2{s)_DISABLED DISABLED 0.00000E+00 1.C0000ESQO 1.000 0. 00000E+0D 0 .00000E+D0 G. OCO0DE+OD -~%.36E+D2
NaOH (aq) ...... to.ticrate.base._only 0.00000E+0C 0.000C0E+00 1.000 0.00000E+0C 0.00000E+CD 0. 000Q0E+D0 -2.9BE+02
NpO20H (amor ) NO20H (amoy)  * 0.00000E+00  1.0000CE+0D 1.000 C.00000E+00  0.00000E+00  0.000D0E«QH  =1_21E+00
NpO2oH{aged) —— NoO20H{ aged) C.Q0000E+RG 1.00Q00E+DQ 1.000 G.00000E«G0  G.00000E+GC  G.0GO00E+Q0  -2.61E+00
HCliag)....... to.titrate.acid.only 0.000QUE+DD Q.000CDE+00 1.000 0.Q0Q0QCE+CD 9. 00000E+00 0.00000E«DD -2,45E+02

pH = -logimiH+}] = 6.2386
pH = -log(a(H+}] = 5.6451
osmotic Coefficients 1.241740
Equilibritm RH (%) = 77 .B01108
Icnic Strength im) = 5.820314
Density, kg/md = 1188.85

NOTES: =~ Water "molality" is mole fraction H2Q in agquecus Phase
- Gas "molality” and *acrivity' are gas partial pressures
- "DesSCIipror”® means:
*dG/RT/Inl0 for species with nonzers conss. {comvergence criterion)
*Sazuration Index for minerals, 5I=logll!{IAP/Ksp)
*laglliactivity) for agueous species with very small COnCentrations
*loglQ{partial pressure) for gases

ToZal G/RT= -4 .63438031E+03
Flashing Titzation § 3
7 # inversions for batch pbim 22
$+% 1Benchmark TITRATE Problem, LOG1C option; NplV!02Z with CO3 in 5.6lmolal Narl FMT V2.0
DATABASE: HMWO4/FWB6; NpI(V)-Na-CO3-0H-CLl-Cl04 {NR94);
9%.01.31 AmM(III)-Na-Cl-CGl-504-P0O4 (FRSRBY, FRFS0, P31, RFFR92, RFF94, RRFF94)
Pressures 1.00000E+00 (=] ATM Terperatures 2.9BE+02 [=] Kelvin



NOTES

- Water "molality® is mele fraction H20 in aqueous phase

- Gas "molality” and "activicy" are gas partial pressures
- "Descriptox* means:

*3dG/RT/1nll for species with nonzers concs.
*Saturation Index for minerals,
"loglD{activity)

*loglCipartial pressure)

for gases

(convergence criterion}

S51=logl0{IAP/Ksp}
for agqueous species with very small toncentrations
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
Elemental hAbundances for Flash Problem
Total Moles Aq. Molality Ag. Molarity Ag. mg/liter
31.85999827E+01 1.11017943E+02 9.93906557E+01 1.00175B842E+«0S Hydrogen
1.66785675E+0] S.55109442E+01 4.96970%38E+C1 7.95123682E+05 Onoygen
% .42615710E+00 $.61002979E+00 5. 02247225400 1.15465482E+05 Sodiam
0.0000000CE+00 0.90000000E+00 0.000CG000E+DQ 0.00000000E+00 Potassium
0.00B00000E+D0  0.Q000000CE+Q0  ©.000CCCODE+DQ  0.0CDOODOOE+D) Magnmesium
0.000000Q0E-D0 {.0000C000E+00 U.00000000E+0C J.06G00C00E+]0 <Calecium
1.95037489E~00 5.80950015E+00 5.02199808E+00 1.7804489BE+D5 Chlorine
0.000000CCE+OQ 0.000Q0000E~-00 0.00000C0IE+0D 0.00000000E+00 Sulfur
3 4758T277E+00 7.9501260B8E-04 7.07373490E-04 B.49626299E+00 Carbon
0.00000000E+00 0.CCOQD0DDE+OD 0.00000000E+0D 0.00D00000DE+DC Poslen
0.00GDODOOE«DQ 0. BC0O0000E+DD 0.0000000GE+0D 0.C0000000E+O0 Neglon
0.0000000CE+00 0.90000000E«00 0 .00C00000E+D0 D.0D000QUGE+DD Air
0.0000000DE+DD 0.00DONODDELDD 0 .00C0CC0JIE+OD 0.00000000E+D0 Boron
0. 0C0000ODE~DOD Q.00000000E+00 0.0000000Q0E+0OC 0.00000000E+Q00 Bromine
0.0CO0DODCE~0D 0.0000000CE+QQ 0.00000G0O0E+Q0 0.00000000E+D0 TracerEl
0.0C00000CE+DD 0., 80000000E4+00 0.0Q0000C0E+00 0.00000000E+00 Th(IV)
. 00CO0000E+00 0.000000C0E+0D 0.00000000E+00 0.000000CCE+D0 Am(IXI)
0.000D000GE+D0 0.00000C00E+DD 0.0000C000E~0D 0.000000QCE+D0  TH{VI)
3.47561578E+00 5.09B600BOE-05  4.56460697E-05  1.08203186E+01 Np(V)
6.00000000E+00 0.0000000GE+00 0.00000000E+QQ 0.00000000E+0D Clod=-{EL)
0.0CO00C00E+DD 0. 0000CC00E«QD ©.00003000E+OC ¢.90000000E+0C Phosphorus
0.00000C0DE+DD 0.000000D0CEQ0D 0 .000CCCC0E+QO 0.DODOOVN0E+DC Electron
-1.85281271E-15 -5.32890020E-15 -4.77078632E-15 0.00000000E+0C Charge
Solution Paramerers, Calculated
SOLUTION MASS 461,701224245777 grams
20 MASS 347.691387660720 grams
TDSig/ke) 327.905264930832 g/ kgH20
Specified Solution Density
DENSITY 1188.82922071361 Xg/m"3 = g/1
Solution Parameters Based on Specified Density
SOLUTICN VOL 0.388366315532383 liters
TDS 293.5626289%4494 g/l
Density based on TDS and NaCl sclurions 11BB.82922071361 g/l
Percent relative error vs NaCl density 0.000C000000COOCDE~DDD &
TABLE OF CONCENTRRTIONS FOR BATCH SYSTEM
Species Name Mcolality Activity Act Coef Total Holes Molarity my/liter Descriptor
H20 WATER 8.31852E-01 7.78030E-0L1 0.9353 1.92999E+01 4.96951E+01 8.95267E+03
NaNpO2C03 (s) e NENPO2C03 {s) 9.99622E+00 1.00000E+00 1.000 3.47560E+00 5.9432BE+00 3.15056E+06
Na+ Na+ 5.61003E+00 5,290B0E«CD ©.9431 1.95056E+00 5.02247E+D0 1.15465E+05
ci- cl- 5.60950E«D0 5_29073E+0D0 0.94332 1.95037E+00 5.02200E+00 1.78045E+05
RCO3- HCO3- 5.79856E~D4 2.14695E~04 0.3703 2.01611E-04 S.19125E-04 3.16755E+01
CO2(ag) Coziag) 2.09T€3E-04  6.09044E-04 2.903 7.29329E-05  1.87794E-DA 8. 25478E+O0
Npl2+ NpOz+ 5.08519%E-05% 1.01191E-04 1.950 1.76B0BE-Q5 4.55260E-05 1.22486E+01 -9 _95E-12
C03= CD3= 3.72979g-07 9.68710E-09 2_.5972E-02 1.29682E-07 3.33916E-07 2.00380E-02 ~1.22E-10
H+ H+ 2.58813E-07 1.014BOE-D& 3.921 8,99871E-08 2 .31707TE-07 2.33537E-04 8.21E-11
NpO2C03- NpO2CO3 - 1.33521E-07 2.43057E-07 1.819 4.644B4E-08 1.19800E~07 3.,935508-02 -1.23E-14
OH- CH~ 1.42123E-08  7.72603E-0%  0.5436 4.941492-D9  1.27238E-08  2.16397E-04  -B.D4E-11
RpO2 (CO3 ) 2=~ NpO2 (CO3) 2=- 2.39201E-10 6.19248E-15 2.588BE-Q5 §.31683E-11 2.1414%92-10 B.331BDE-0% ~1.14E=-10
NpO20OH{ag) NpO20H ag) 3.01826E-1¢ 3.01B26E-10 1.000 1.04942E-10 2.702158-10 7 .72962E-05 3.40E-11
Np02{C03)I==-— NpO2 (CO3 ) 3==w 1.81540E-14 1.43698E-23 7.9155E-10 6.31199E-15 1.62527E-14 7.29866E-09 ~3.65E-07
NpO2 (OH) 2- HpO2 (CH} 2~ 3.76383E-16  1.12471E-16 0.2988 1.308658-16  3.36%63E-16 1.02121E-10 -4.63E-11
Na3H(C0312.2H20 Trona 0.00000E+00 1.000Q00E+00 1.000 0.00000E+00 ¢.00000E+Q0 0. 00000E+00 =8.68E+00
Na2C03 K20 Thermonatrite 0.00000E+0DY 1.000G0E+00 1.000 ©.0Q0Q000E+00 0.00000E+00 0.0CDODE+OD -7.36E+00
Na2C0} . 7H20____Na2CO2-Heptahydrate 0. 00000E+C) 1 _COOCCE+D0 1.000 0.CO000E+OG 0.00000E+CD 0.000Q0E+QD -6.B7E+00
NaZC03.1C0H2O Natren 0.00000E+CD 1.00000E+0D 1.000 0.0600DE-O0 0. 00000E+00 0.D00000E+DD -6.83E+C0
NaHCOZ Nahcolite 0.00000E+QC 1.00000E+0D 1.000 0.C00000E-DOD 0.0C00DE~QO 0.00CD0E~QD -2.54E+00
Nacl ___Halite Q. 0000CE+DG 1.00000E+D0 1.000 0. DDODCE+DO 0, 0DCDDE+DD 9. 000N0E+D0 -1.23g-01
NaiNp02 [(03)2(s)_DISABLED DISABLED 0. 00000E+0D 1_0CODJE+00 1.000 C.00000E+00 0.00000E+0C 0. COJ0OE+DC -9.35E+02
NaGH{ag)...... to.titrate. base only 0.00000E+CD 0.000GCE+QD 1.000 G.00000E+QD 0.00000E+GD 0.0000DE+DC =2_.9BE+02
RpO20H (amor ) Np0Q20H (amaz) 4.00000E+CD 1._COCRRE+QQ 1.000 0.C0000E+DC 0.00000E+00 0.0C000E+00 -3.35%E+00
NpO20H {aged) NpO20H (aged) 0.00000E+00 1.00000E+0D 1.060 0.CC000E+DC 0.CO0OJE+R0 0.00000E~00 -2.79E+00
HCLl{aq)....... to.titrate.acid.only 0.0000Q0E+O0 0.00000E+C0 1.000 0.0C000E+00 0.0C0D0E+00 Q.00C0D0E+00 -2 .45E+02
peE = —logimiH+)] = 6.5870
pH = -logla{H+}] » 5.3316
Osmotic Coefficient= 1.241681
Bguilibriwa RH (%) = 77.803013
Ionic Strength (m) = 5.610081
Density, kg/m3 = 1188.83
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Appendix N: Sample Output File “Np_NaCi_BM_LOG.OUT”

Total G/RT= -4.63462770E+03
Flashing Titration ¥ 4
¥ inversions for batch pblm 1z
1Benchmark TITRATE Problem, LOGLC éptieon; Np{VIO2 wich CO3 ip 5.61lmolal NMaCl FMT V2.0
DATABASE: HMWB4/FWSE; Np(V)-Na-CO3-OH-C1-CLOd [(NR94):
$5.01.31 Am{IZI}-Na-Cl-CO3-504-PO4 (FRSRBS,FRFI0, PIL1, RFFRIZ, RFF94, RRFF54)
Prassure= 1.G0000E+00 [=] ATM Temperatures 2.98BE+02 [=) Kelvin

Elemental Abundances for Flash Problem

Total Moles Aq. Molalirty Ag. Molarity Ag. mg/liter
3.86060470E+0L 1.11018357E+02 9.933915462E+01 1.C00176735E+05 Hydrogen
3.66B20273E+CL 5.55118409E+01 4 _96981566E+01 7.35140687E+05  Oxywen
5.42646354E«00 5.61000023E+00 5.02247206E+00 1,154E547BE+05 Sodium
0.0000C000E~0D 0.00Q00000E+0D 0.00000000E+DC {.00000CCOE+«DC Potassium
0.00000000E+00 C.00000000E+CY 0.00000000E+00 0.00000C0DE+00 Magmnesium
0.00000000E+00 C.00000000E+00 0.00000000E+0D 0.00000000E+D0 Calcium
1.95046284E+00 5.60883282E+00C 5.D2148063E+DD 1.78026553E+05 Chlorine
0.00000C00E-00 0.00000000E+00 0.000CC000E+00 0.00C00000E+CD Sulfur
3.47598202E+00 1.05363370E-03 9.43341702E-04 1.13304772E+01 Carbon
0.00000C00E+00 0.00000000E+00 0.00000000E+00 0.00CCO000E+0) Poslcn
0.00000C00E+DD 0.00000000E+00 0.000C0000E+00 0.00000000E+00 NegIon
0.00006000E+00 0. C000000CE+DD 0.00000000E+00 0.D0000CO0E+00 Aix
0._00000000%+00 C.C000G000E+0D Q.C0000000E+CO D.000000C0E+00 Boron
0.00C0CDO0E+DD 0.C00QQ00CE+DD 0.C0000000E+00 0.00000000E+00 Bromine .
0.0000C000E+QQ 0. 00Q00000E+00 0.0000C000E+DD 0.000C0Q00E+30 TracerEl
0.0000CC00E+0Q0 0.0C000000E+00 0.00000000E+00 0.00000000E«CD Th{IV)
0._00000Q00E+DOD 0 .C000000CE+DD 0.C0000C00E+00 0.000000C0E+DC Am{III)
0. 000C0000E+00 0.Co00000CE+QD 0.CODQUOODE«QC 0.00000000E+00 U(VI)
3.47561578E+QD 5 .04731450E-07 4.51871569E~-07 1.07115342E-01 Np(V)
0.00000000E+CO 0.0CO0000DE+CLD 0.00000000E+00Q 0 .00000000E-00 ClO4~{EL)
0._0000D000E+DO G.0C00000DE+QQ 0.00000000E+00 0.00G0C000E+0C Phosphorus
0.00000Q00E+C0 0.0C0Q0000EQD 0.000C0000E+D0 0.00000000E+D0 Electren
-§.05334972E~-16 -2.31587983E-15 -2.07334Q69E-15 0.00CCOOD0E«CD Charge

Soluticn Parameters, Calculated

SOLUTICN MASS 461.766388131816 grams
H2Q MASS 347.744715353115 JT NS
TD5 (g/kg) 327.8B9016636373 g/ kgH20
Specified Scluticn Density
DENSITY 1188.82089442743 kyg/m~3 = g/l
Sclution Parameters Based on Specified Density
SOLUTION VoL 0.38B423849455858 liters
TDS 293.549618380179 g/l
Density based on TDS and NaCl gelutions 1188.82089442743 g/l

Percent relative error vs NaCi density 0.00000000000C000E+C0O0 %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Activicy Act Coef Total Mcles Molarity mg/liter Descriptor
H20 WATER B.31857E-01 7.78050E-01 0.9353 1.93029E+01 4.96953E+01 8.95271E+0S
NaNpO2C03 (5) NaNpO2C03 (5) 9.99473E«00  2.000Q00E+QD 1,000 3.47562E+0C  8.54B0CE+00  3.15011E+06
Na+ 5.61000E+0C  5.29000E+00  0.9430 1.95085E+00 5.02247E+00  1.15465E+05
cl- 5.60889E+00 5.28999E+00 0.9431 1.95046E+00 5.0214RE+00  1.78027E+05
HCO3- 9.92660E-04  3.67543E-04  0.3703 3.45192E-04  §.8B700E-04  5,42259E+01
CO3x= 5.67888E-05 1.47494E-06 2,5972E-02 1.97480E-03 5.0B414E-03 3.05095E+00
COZ (aq) 4.01745E-06  1.17227£.05 2.903 1.40400E-06  3.61461E-06 1.59078E-01 -4.23E-08
OH- 1.26397E-06 6.87170E-07  0.5437 4.39540E-07 1.13160E-06  1,92454E-92 -9.18E-08
NpO2+ 3.34101E-07 6.64703E-07 1.990 1.16182E-07 2.95%111E-07 8.04750E-02 1.79E-07
NpO2C03- Np02C03- 1.32613E-07  2.43C94E-07 1.819 4.6463)1E-08  1.15%5620E-07 3.893E16E-02 3.21E-13
NpO2 (CO3 ) 2=- NpO2 {C03) 2=~ 3.64205E-08 9.43C01E~13  2.5892E-05 1.26650E-08 3.26062E-08 1.26859E-02 -1.15E-07
He H+ 2,91065E-0%  1.14100E-08 3.920 1.01216E-0% 2,.60582E-09 2.62641E-06 1.26E-07
NpO2 {CO3 3=~ . RpO2(L03)3==- 4.20660E~10 3.33181E-19 7.9204E-10 1_46282E-10 3.76605E~10 1.69]124E-04 ~2.16E-~07
NpO20H (aq) HpQ20H (ag) 1.76333E-10 1.76335%E~10 1.000 6.13211E-11 1.57872E-10 4.51598E-035 -2.06E-08
NpO2 {0H) 2~ . NpO2 (OH) 2- 1.95583E-14 5.B443BE-15  0.2988 6.80128E-1% 1.75100E-14  5.30660E-09 -1.50E-07
NalH(CQ03}12,.2H20 Trona 0.CO000E+00  1.00000E+00 1.000 0.00C00E+00  0.00000E+00  0.Q0Q0QE+00  -6.27E+00
Na2C03 .H20 Thermonatrite 0.00000E+00  1.00000E~00 1.000 Q0.00000E+00  0.00000E+0C  0.0000CE+00  -4.SEBE+00
Na2CO3.7HZO Na2C03-Heptahydirate 0.CO000E+00 1.00000E+00 1.000 7.0000GE+Q0 0.00000E+00 0.Q000QE+00 -4.6%E+Q0
Na2C03.10H20 Nacron C.CO0Q0E+00  1.00000E+00 1.900 0.0000GE+00  O.J0000E+00  0.000DOE+CO  ~4.65E+00
NaHCO3 Nahcolite ¢.80000E-00 1.00000E+Q0 1.000 0.0000DE+O0 0.00000E+DOQ 0.Q00000E+0CD =2_.31E+DO
NacCl Halite 0.CDOQ0E~0D 1.00000E+00 1.000 0.00080E+00 0.00000E+CD 0. 00000E+00 -1.23E-01
Na3Np02 (C03)2(s)_DISABLED, DISABLED C.C0000E+G0  1.00000E+0Q0 1.000 0.000CDE+D0  0.COOCOE+00 0. 00000E+00 -9.33E+02
NaOH{aq)...... te.titrate base.only 0.00000E+00  0.00000E+0Q 1.009 0.00000E+C0  0.00000E+00  Q.00000E+0C  -2.96E+02
NpGZOH (amor ) NpOZOH (amox) 0.CDO00E+00  1.00000E+00 1.000 0.000COE+0D  O_COCCOE+00  0.00000E~0C  -3.62E+00
NpO20H (aged) NpO2OH (aged) C.C0QO0E~00D 1.00000E+QQ 1.000 0.00000E+0D 0.000COE+00 0. D00DDE-D0 =3.03E+00
HCl{ag)....... to.titrate.acid.only C.0CQ00E+00  0.00000E+QQ 1.000 0.00000E+C0  0.0GCCOE«O0  O.00000E+00  -2.47E+02
poH = -log{miH+)] = 8.5360
PHE = -loglalH+)) = 7.9427 P i
Osmotic Coefficients= 1.24160% A% -
Equilibriwm RH (%) = 77.805007
Ionic Stremgth {(m! = 5.610057

\ 1_‘} ".4
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Density, kg/m3 = 1188.82

NOTES: - Water "molality- is mole fraction K20 in aguecus phase

-~ Gas "molality- and “‘activity” are gas partial pressures

~ "Descriptor® means:
*dG/RT/1nlC for species with nonzero concs. (convergence criterion)
*Saturatien Index for minerals, SIxloglD(IAP/Esp) '
*loglllactivity) for agqueous species with very small concentrations
*loglO(partial pressure) for gases

Total G/RT= -4,6834975%97E~03
Flashing Tizzation # 5
# inversions for batch pblm 16
iBenchmark TITRATE Problem, LOG10 option; Np(VIGZ with €03 in 5.6lmolal NaC) FMT v2.0
DATABASE: HMWE4/FWES; Np(V)-Na-CO3-0B-C1l-Cl04 (NR94):
95.01.31 Am{II1)-Na-Cl-C03-504-PO4 (FRSREY, FRF30, P91, RFFRIZ, RFFS4 , RRFF94}
Pressures 1.C00Q0E+00 {=] ATH Texperature= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
3.86146891E+01 1.110183B2E+02 9.93917155E+01 1.0017€910E+05 Hydrogen
3.66868155E+01 5,55131961£+01 4.96994430E+01 7.95161268E+05 Oxygen
5.42690025E+00 5.51000156E+00 5.0224B064E+00 1.154656758+05 Sodsum
0.000CC000Z+D0 0.000G0000E+00 0.000C0000E+00 C.000DD0CCE+D0 Potassium
0.000C0C00E+0D 0.000G0Q00E+CD ©.00000000E+00 C.0000000CE+Q00 Magnesium
0.0000CCOOE+DD 0.000CC000E+DQ 0.00000000E+DO 0.00000000E+D0 Calcium
1.95058817E+00 5.6Q799916E+00 %.02068795E-00 1.77998450E+05 Chlorine ’
€.00000000E+0DD ©.0000000QE+00 0.00000000E+0QC 0.00000CO0E+00  Sulfur
3.47613771E+00 1.50108S27E-03 1.34388050E-03 1.614]13487E+01 Carbon
0.00000Q00E+00 0.00000C00E+DD G.00000000E~DC 0.00000C00E+0OC Poslon
0.000CC00OE+00 0.00000000E+00 Q.00000000E-00 0.00000000E+0C Neglon
0.00000C00E+00 0.00000Q00E+CD 0.00000000E+00 0.00C0Q000E+00 RAir
©.00000000E+00 0.0000CQ00E+DOD 0.00000000E+00 0.00C0Q000E+DD Boron
0.0C000000E+00  0,000000CGOE+60  0.000000C0E+DC  0.COD00COOE+0Y Bromine
0.CODOOOOCE+DD D, 0C000000E+H0  C.00000000E«00  ©.0D000000E+00 TracerEl
0.CCODOOO0E+DD 0.00000000E+D0 0.00000000E+00 0.000CDOO0E+D0 Th{IV)
0.0CO00C00CE+QQ 0.00000C0G0E~00 0.00000000E+00 0.00000000E+00 Am(IIIL)
0.0C00000DE+00 0.0C0000C0E~CD 0.00000000E+QC 0.00000000E+00  V(VI}
3.4756157BE«+00 5.18420811E-07 4.64127%43E-07 1.10020694E-01 Rp(V)
0.0000000CE+Q0 0.GCDO0DOCE~OD 0.00000000E~00 0.00000CD0E+08 ClO4-(EL)
0.00000000E+0D ©.00000000E+00 0.000G0000E+D0 0.000C0000E+00 Phosphorus
0.0000CGO00E+QD 0.00000000E+00 0.00000000E+00 0.00000000E+Q0 Electron
~1.02828867E-15 ~2_95636061E-15 -2.64674862E-15 0.000G0000E«D0 Charge

Solution Parameters, Calculated

SOLUTION MASS 461.86B0OS0BSELTS grams
H20 MASS 347.822478666651 grams
TDS {g/kg) 327.884450213538 g/ kygR20

Specified solution Density
DENSITY 1188.51855435140 kg/m"3 = g/1

Solution Parameters Based on Specified Density

SOLUTION VOL 0.388510138208740 litexs
oS 293 545961799972 g/l
Density based on TDS and NaCl solutions 1188.81855435140 g/l

Percent relative error vs NaCl density 0.000000000000000E-000 % .

TABLE OF CCNCENTRATICNS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles  Melaricy mg/liter Descriptor
H20 WATER 8.31862g-01 7.78067E-CGL G.9353 1.9307ZE+01 4.96954E+CL 8.95273E+05

NaNpG2C03 (s) e NANDO2CCA {5) 9.33250R+00 1.00C00E+00 1.000 3, 47562E+00 5.94601E+00 3.14941E+0C6

Na+ Na+ %.6100CE+Q0 5.28971E+00 0.9429 1.95128E+0D 5.02248E+00 1.15466E+(5

cl- Ci- 5.60800E+Q0 5.28B67E+0C 0.9431 1.95059E+00 5.02069E+00 1.7799BE+QS

HCO3 - HCC3- 1.00%03E-03 3.73572E-04 0.3702 3.50961E-04 9.03356E-04 5.51202E+01

Co3= co3= 4.90717E-04 1.27445E-05% 2.5971E-02 1.70682E-04 4.39325E-04 2.63636E+01

OH- OH - 1.07447E-05 5.84190E-06 0.5427 3.73726E-06 9.61946E-06 1.63601E-01 -4.5%E-CB
Co2(aq) co2 (ag) 4.82702E-07  1.40L53E-06 2.904 1.678956-07  4.32150E-07  1.90188E-02 -8.67E-08
NpO2 (C03) 2a- NpOZ{CO3) 2=~ 3.14571g-07 B.148%9E=-12 2.5904E-05 1.094158-07 2.81627E-07 1.09571E-01 2.5%E-08
NpO2C03- NpO2CC3- 1.33630E-07 2.43107E-07 1.81% 4.64794E-08 1.19635E-07 1.93666E-02 4.47E-12
NpOZ+ NpO2+ 3.B6B0TE-D8  7.639314E-08 1.98% 1.34540E-08  3.46298E-08  §.31704E-02 -2.13E~08
NpO2 (CO3 ) 3==- NpO2{CO3} 3=~ 1.13656E-08 2.48770E-17 7.2313E-10 1.09097E-08 2.80808E-08 1.26104E-02 4.49E-08
H+ H+ 3.42512g.10 1.34216E-09 1.919 1.19134E~10 3.06642E-10 3.09064E-07 ~2.55E-08
RpOZOR{aqg) NpQO2OH{aq) 1.73307g-10  1.73507E-10 1.000 6.03495E-11  1.55336E-10  4.44344E-05 4.70E-D9
NpO2 (OH) 2- NpOZ (OH) 2~ 1.63614E-13 4.88873E-14 9.2588 5_69CBSE-14 1.46479E-13 4.43921E-08 2.99E-08
Ka3H(CO3)2.2M20______._______ Trona 0.0C000E+00  1.00000E+00 1.000 0.0000CE+00  0.00000E+00  0.00C00E+D0  -5.33E+00
Na2C03.HZO Thermonatrite 0. 00000E+G0 1.00000E+0C 1.000 &.0D00BEOG 0.00000E+00 D.0DOORE+DD -4 . 0L4E+Q0
Na2C03 . TH20, Na2CO3-Reprahydrate 0. 00000E+00 1.000GOE+QC 1.000 0. 80000E+00 0. 00000E+00 0.00000E+00 -3.75E+00
Na2C03.10H20______________ Natron 0.D0000E+00  1,000G0E+DD 1.000 0.QC000E+0C  0.00000E+00  0.00000E+0D -3 ,71E+DO
NaHCO3 Nahcolite 0,00000E+00 1.00DC0DE+0D 1.000 0. cC00OE«00 0.00000E+Q0 ©.00Q00E+00 -2.30E+0C
NaCl Halite ¢.00000E+00 1.00DCOE+DD 1.600 0. DCDODE«DD 0.0000DE+00 0.00000E+0QD ~1.24E-01
NalNpO2 (C02)2 (s) _DISABLED DISABLED 0.00000E+D0 1.00000E+00 1.000 0.000D0E+OD .Q000DE+00 0.0GO000E+Q0 -5 .32E+02
NaCH{ag)...... ro.titrate.base.only 0.00000E+D0 0,00000E+00 1.c000 0. 00C00E+OD . 00000E+Q0 Q.00000E+00 -2 _95E+02
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT" —

NpO20H (amoT ) NpOZOH (amor ) 0.00000E+Q0 1.000Q0E+00 1.c00 0.00000E-0QD 0.0000CE+DO 0.00000E+D0 -3 .61E+Q0

NpO20H (aged) NpO20H (aged) 0.00000E«Q0  1.Q0000E+Q0 1.00D U.D00DDE«OC  §.000O00E«QC  ©,00000E+00 -3 .03E+00

HCl{ag)....... to.titrace.acid.only 0._0G080E-Q0 0.00000E+D0 1.000 0.00000E+«00 0.000Q0E+00 0.00000E+00 -2 4BE+02

Pt = -logimiH+}] = 9.4653

PH = -logalB+1] = 8.8722

Osmotic Coefficient= 1.241538

Equilibriwn RH {%) = 77.806749

Ionic Strength (m) = 5.6104%4

Density, kg/m3 = 1188.82

NOTES:. - Water -molalicy" is mole fraction K20 in agueocus phase

- Gas "mclality® and "activity* are gas partial pressures

- *Descriptor”™ means:
*dG/RT/1610 for gpecies with nonzero concs. {convergence criterion)
“Saturation Index for minerals, SI=logll(IAP/Ksp)
*loglO{activity! for agqueous species with very small concentrations
*legli0(partial pressure} for gases

Total G/RT= =4,563548129E+03
Flashing Titration ¥ 1
# inversiens for batch pblm 17
1Benchmark TITRATE Froblem, LOGL0 option; Np(VIO2 with €O3 in 5.61molal NaCl FMT V2.0
DATABASE: HMWB4/FWEE; Np(V)-Na-CO3-CH-C1-C104 (NR94);
95,01.31 Am(III)-Na-Cl«CQ3-504-p04 (FRSR89, FRFI0, P91, RFFRS2, RFF94 , RRFF94]
Pressures 1.000C0E+00 [=] ATM Temperature= 2.98E+02 {*] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Holalicy Ag. Molarity Ag. mg/liger
3.8627005L1E+01  1.1101B410E+02  9.93919460E+01  1.00177142E+05 Hydrogen
3.66936391E+01  5.55151239E+01  4.97012721E+01  7.95180533E«05 Oxygen
5.42752260E+00  5.63000344E+00  S.02249276E+00  1.15465953E+05 Sodium
0.0000Q00PE+GD  0.000O0D0DE+00  0.0Q00CO00E+00  0.COOQOO0DE+Q0 Potassium
0.0000000QE+00  ©.0CD000ODE+00  O.DCOQQODOE+CD  0.00C0D00CE+00 Magnesium
C.GO0000DCCEYO0  0.00000QCOE+0C  0.C00QQQ0QE«Q0  O.OODODDOOE+OD Calcium
1.95076678E+00  5.6D672579E+D0  5.01955816E+00 1.77958403E+0S Chlorine
©.00000000E+00  0.COODOOOOE+00  0.00COQCOCE+«DC  0.CGO0Q00OE+90 Sulfur
3,476359S8E+00  2,1388063dE~03  1_.914B186BE-03  2,29988871E+01 Carbon
0.0000000Q0E+00  .00000000E«08  O.OOCCOOO0ELDD O, QOOODDDDE+DD PosIon
0.00000CC0E+00  D0.C00DOOOOQE~QC  0.Q000000GE+00  0.0000DC000E+Q0 NegIon
0.D00C000DE+O0  0.000COOOOE+08  O.0D0O0DDOOVE+0O  0.DOOOOOOOE+DO  Adr
0.00000000E+00  0.00000000E+00  0.00C00D0CE+DG  0.0000S000E+00 Boron
0.00000000E+QC 0. 00O0CC00E+0D ©.000DOGOOE+OD  D.D0OOODOOE+GD Bromine
Q.0000Q000E+G0  0.0Q0CO000E+00  0.CD00D0DDE+DD  0.000Q0000E+00 TracerEl
0.0C0000Q0E+00  0.00BO00D0E+00  D.000QOPQOE+00  0.Q00000000E<«DG ThiIv
©.00000C000E+00  ©.000000C0E+D0  D.0COOQOCOE+CD  0.0000000OE+DC  Am{IIY)
©.000000008+00  ©.CUDOODODDDE+DD  0.0000000CE+C0  0.000GRD000E+00  U(VI)
3.47561578E+00  1.02583551E-06  9.18404325E-07  2.17706092E-01 Np(v)
€,00000000E+00  0.000Q0DDODE+Q0  ©.0D000000E+00  ©.00000000E+00 ClOd-(EL)
0.00000000E+0C  0.0C00CGQOOE+OD  0.GG000000E+00  0.000CDUOCE+GD  Phosphotus
©.DDDOCOOOE-00  0.00000000E+00  0.00CQO000E+DG  0.C000J00DE+Q0C Electron
-9,45337050E-16 -~2.71700630E~15 -2.43246632E~15 0.J0CC0000E+00 Charge

Solution Parameters, Calculated

SOLUTION MASS 462.013014631340 grams
HZQ MASS 347.933330580303 grams
DS (g /kgt 327.877998698107 g/ kgH20
Specified Solutien Density
DENSITY 1188,81524628657 kg/m~3 = g/1
Solution Pprameters Baged on Specified Density
SOLUTICN VOL 0.38B6331459984603 liters
s 293 540795775029 g/l
Density based on TOS and NsCl salutions 1188.81524B2R€57 g/l .
Percent relative error vs NaCl density 0.000000000000000E+000 % .

TABLE OF CONCENTRATICNS FOR BATCH SYSTEM

Species Name Holality Activity Aot Coef Total Moles Molarzity mg/licer DestIiptor
H20 WATER 8.3187CE~01 7.78092E-01 0.9354 1.93133E+01 4.,96955E+01 B.95274E+05
NaNpO2COC3{s) NaNpQ2c03(s) 9.98931E+00 1.00G90E+00 1.000 3. 47562E+00 B.9421BE+00D 3.14841E+0C6E
Na+ Na+ 5.61000E+G0 5.28932E+00 0.9428 1.95131E+00 5.02249E+00 1,15466E+05
Cl- cl- 5.60873E+DD S.28679E+00 0.9429 1.95077E+00 5.01356E+00 1.773SBE+D5
£03= CO3= 1,.11398E-03 2.89293E-05 2.5969E-02 3.875%21E-04 9,97318E-04 5.98482E+01
HCO3- ECQi- 1.02256E-03 3.78536E-04 0.3702 3.55784E-04 9.15475E~04 5.58596E+02
OH- OH- 2.40684E-05 1.3CB73E-05 0.5438 8.37419E-06 2.15478E-0% 3.86470E-01 -4 .8BE-DY9
MNpO2{CO3)2=- WpO2 {CO3) 2=~ 7.13649E-07 1.84983E-11 2,5921E-05% 2.48302E-07 £.38912E-07 2.48578E-C1 9.95E-09
CO2 (ag) cod (ag} 2.18328E-07 6,33927E-07 2.504 7.59637E-08 1.95464E~07 8.60232E-03 -3.58E-08
NpQ2C03 - NpOACO3~ 1.33654E-07 2.43125E-07 1.81% 4.85026E-08 1.19657E~-07 3.93738E-02 ).S6E-12
Np02 (C03)3==~ NpO2(C03)3==- 1.61312E-07 1.28183E-1¢ 7.94659E-10 5.61257E-08 1.44418E-07 6. 48546E-02 1.97E-0G8
NpO2+ N2+ 1.70494E-08B 3.38938E~-CH 1.5988 5.93207E-Q% 1.52639E-08 4.10671E-03 -9.14E-09
H+ H+ 1.52979E-10 5.99129E-10 1.916 5.32263E-11 1.36958E~-10 1.38C4CE-07 -1.97E-08
NpO20H{aq) NpOZOH (ag) 1.71249E-10 i.71249g-10 1.000 5.95%833E-11 1.53315E-10 4.38564E-05 1.06E~-028
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Appendix N: Sample Qutput File “Np_NaCl_BM_LOG.OUT"
NpOZ (QH) 2« NpOZ (OK) 2- 3_61B06E-13 1.08095E-123 0.,2988 1.25884E-13 3.23915E-13 9.81663E-08 3.03E-03
Na3HICD3)2.2H20 Trona 0.00000E~00 1.00000E+00 1.000 0.Q000DE+0OC 0.00080E+00 0.00000E~DO -4 _.56E+00
Na2CO3.H20_ . Thermcnatrite 0.00000E+00 1.00CCOE=O0 1.000 {.000C0E+CO 0.00D00E+GD Q. C0000E+0D -3.6BE+00
Na2C03 ,7TH20, __ Na2C03-Heptahydrate 0.00000E+~00 1.0000E+00 1.000 0.00000E+CD 0.00000E+GO 0. CO00DE+DD =3.39E+00
Na2C03 . 10120 Natron 0.00CO0E+0D 1.00000E+00 1.000 0.0000CE+DD 0.00000E+G0 0.00000E+G0 ~3.36E+00
NaHto3 Nahcolite 0.00000E+DD 1.00000E+00 1.000 0.0000C0E+OD 0.00000E+DC 0.0Q0000E+00 -2.30E+00
NaCl. Halite 0.00000E+0C  1.CO000E+00  1.000 0.00CD0E+00  0.CODO0E+Q0  0.0000CE+00  -1.24E-01
Na3NpO2(C0312{s)_DISABLED DISABLED 7.00000E+Q0 1.00000E+D0 1.00¢ 0.QCCDDE-OU 0.00000E-DO 0.0000CE«DQ -9.32E+02
NaOH{ag)...... to.titrate. base.only 0.00000E+00 0.00DOCE+QQ 1.000 0.Q0000E+D0 Q.00000E+DD 0.0C000DE~DD -2_95E+{2
NpO20H (amozT) NpO20H {amor ) 0.00DDCOE~CQD 1.0000CE+DOQ 1.000 0.00000E+0OC 0,00000E+00 Q.CO0QQE+00 -3.63E+0D
NpO2ZOH aged) NpPO20H (aged) 0.00000E+00  1.000DUE+QD 1.000 0.000D0E+00  0.0CO00E+00  ©.00000E+D0  -3.04E+80
Heliagl. ...... to.titrate.acid.only 0.00000E+00  0.000C0E+D0 1,000 0.00000E+GC  0.00000E+CO  0.00000E«DC -2, 49E+D32
peH 2 -logImiH+)) = 9.8154
pH = -logl[aiH+)] = 9.2225
Qsmotic Coefficient= 1.241451
Equilibrium RE (%) = 77.809217
Ionic Strength (m) = §.611121 .
Density, kg/ed = 1188.82
NOTES; - wWater "molality* is mole fraction H20 in agueous phase

- Gas "molaliry* and "activity* are gas partial pressures

~ *Descriptor* means:
*&G/RT/1Inl0 for species with nonzero concs. {(convergence criterion)
*Saturation Index for minerals, SI=loglliIAP/Ksp!)
*loglliactivity) for aquesus gpecies with very small concentrations
*logldi{partial pressure] for gases

Total G/RT= -4 .63619544E+02
Flashing Ticrarion # 7
4 inversions for batch pblm 17
1Benchmark TITRATE Problem, LOG1D opticn; Np(Vi0O2 with €03 in S.51molal NaCl FMT V2.0
DATARASE: HMWB4/FWES; Np(V)-Na-CO3-OH-Cl-Cl04 (NRS4}:
95.01.31 Am{III)-Na-Cl-CC3-S04-P0O4 (FRSRBY9,FRFI0,P91, RFFRY2, RFF34, RRFF94)
Pressure=z 1,00000E+08 [=] ATM Terperatures 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molality AQ. Molarity Ag. mg/liter
3.86445565E-01 1.11018446E+02 9.93522712E+01 1.00177470E+05 Hydrogen
3.67033634E+01  5.5517B692E+01  4,57038762E+01  7.95232197E+05 Oxygen
5.42840953E+00 5.610D0623E+0Q0 5.02251004E+0Q0 1.15466351E+905 Sodium
0.00000000£+00  0.00000COOE+00  O.00000000E+00  ¢.000QCO00E+CQ Potassium
. 000000D0E+0D 0.00000GODE+DO 0.00000000E+00 0.0000Q0000E+CD Magmesium
0.000COQ00E+0QD 0.00003CE0ELDD 0.000000C0E+D0 0,00000000E+00 Calcium
1.85102131E+00 5._60491242E«00 5.01794966E+00 1.77902369E+05 <Chlorine
0.0000QGU0E+00  0.0DOOCGCOE+«DD  0.00CQ0Q0QOE+DD 0.00000C0QE+00 Sulfur
3.47667578E~D0 3.04711826E-03 2.72801516E-03 3.27661900E+01 Cazbon
C.00QD0000E+D0D 0.000000C0E+QD 0.00D00000E+00 ¢.00000000E+00 PosIon
©.00000000E+DD C.0PODOBROR+00 ©. 00000000 EL00 ©.00000000E+00  Neglon
0.00000000E+00 0.00C000COEXDD 0.0000000CGE+0Q C.00000000E+00 hRir
0.00000000E+00 0.00000000E-00 0. 00000000E+00 0.00000C00E«D0 Borxon
C¢.00DC0000E+DD 0.000000COE+DD 0.00000000E+00 0.00000000E+00 Bromine
0.00000000E+00 0.0¢0000000E-00 0.00000000E+0Q 0.0000000CE+C0 TracerEl K
C.,000000002+00 0.0000000CE+QD 0.00000000E+00 0.0C000000E+CE  Th(IV)
0.000000Q0E~Q0 0.00008000E+00 0.0600000GE+0D 0.00000000E+00 Am{III}
0,00000000E+00  0.0DODQCOUE+0O0  0.0C00000CE+00  O.0000C000E+00 UIVI)
3.47561578E+00 1.94421848E-06 1.74061427E~06 4.12605480E-01 Np(W")
0.00000000E+0Q0 0.00000Q00E+DD 0.Q0D0CO00E+DT 0.00000000E-00 ClO4-{EL)
0.00000000E+QQ 0.000000C0E~DOD 0.000C0000E+00 0.C000000CE+CS Phosphorus
0.00COCD00E~O0 0. 000000COE-D0 0.00G600000E+OO 0.00000000E+C) Electron
-1.06779239E-15 -3.06756405E-15 -2.74631980E-15  0.00000000%+00 ~ Charge

Sclution Parameters, Calculacted

SOLUTION MASS  462.219612785916 grams
5 H20 MASS 346.091311120335 grams
: DS (g/kg) 327.868860898172 g/kgH2O

Specified Solutien Densigy

DENSITY 1188.81056561769 kg/m*3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VoL 0.388808466339423 liters
TDS 293.5334786B1879 g/i
Dencity based on TDS anxd NaCl solutions 1188.8105656176% g/l

Percent relative error vs NaCl density 0.000C00000000000E+QO0 %

TABLE OF CONCENTRATIONG FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles  Molarity my/liter Descriptor
H20 WATER 8.318B1E-0} 7.78127E-01 0.9354 1.93221E«01 4.98957E+01 B8 95277E+05
NaRpO2CO3 (s) NaNpO2C03 (s) 9.98478E+00 1.0000CE+00 1.000 3.47562E+00 8.93914E+0D0 1 14699E+06
Nas Na+ 5.61001E+00 5.2BB7€E+00 0.59427 1.95279E+00 5.02251E+00 1 15466E+05
cl- cl- 5.60491E+00 5.28411E+00Q 0.9428 1.95102E+00 5.01795E+00 1 T7901E+05
CO3= Co3= 2.00201E-03 5.19857E-05 2.5967E-02 5.$6883E-04 1.79236E-03 1 Q7558E+02

o
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Appendix N; Sample Qutput File “Np_NaCl_BM_LOG.QUT"
HCO1- 1.04073E-03 3.B5192E-04 0.3701 3.62268E-04 9.31738E-04 S.6B519E+01
OH- 4.2498BE-05  2.31125E-05  0.5438 1.47935E-05  3.80482E-05  6,47098E-01 -6.18E-08
NpO2 (003 12=- NpO2 (CO31 2=~ 1.28137e-06  3.32447E-11  2.5945E-0S5  4.46032E-07  1.14718E-06  4.46327E-01  4.81E-08
NpO2 (C03)I==- NpO2 (CO3) 3==- 5.19502E-87 4.13893E-16 7.9692E-10 1.B0834E~07 4.65098E-07 2.0BHE4E-01 1.06E-07
o2 iaqQ) co2 (aq) 1.25799E-67  1.65269E-07 2.904 4.37B94E-08  1.12625E-07 4.95659E-03 -3 ,39E-07
NpOZEOI- NpO2003- 1.33688E-07  2.43151E-07 1.819 4.65356E-08  1.19688E-07  3.93B4DE-02 1.10E-12
NpO2+ NpO2+ 9.49498E-09 1.88634E-08 1.987 3.30512E-0% 8.50064E-09 2.28707E~03 -4 .03E-08
H+ H+ 8.66954E-11 3.3926%E-10 3.913 3.01779E-11 7.76164E-11 7.82294E-08 -1.47E=-07
MNpPO20H{ag) RpO20H (ag) 1.68318E-10 1.58316E-10 1.000 5_858%2E-11 1.50689E-10 4.31052E-085 1.04E-07
NpO2 (0H) 2- NpQ2 (OH) 2- €.28105E-13 1.87627g-13 0.2587 2.18638E~13 5.62328E-13 ~.70420E-07 2.44E-07
Najyqico3jz.2wm20_____~ Trona ¢ .00000E+00 1,000C0E+00 1.000 0.000COE+D] 3.00000E+00 0.00000E+00 -4 .70E+00
Na2C03 . K20 Th trite £ . 00000E+00 1.000C0E+QQ 1.000 0.00CO0E+0D 0.00000E+00 0.0GO0DE+DO 3 .43E+00
Na2CC3.7H20__ Na2CO3-Heptahydrate 9.00000E+Q0 1.00000E+0D 1.000 0._0008CE+DD 0.00000E+00 0.00000E+00 =3 .14E+00
Na2803 . 10H20) Natren 0.000OE+CC  1.00000E+DO 1.000 0.0CO0CE+00  ©0.0D0GODE-0C  0.0DGO0E+00 -3 .10B+00
NaHsO3 Nahcolite 0.0000QE+0C 1.00C00E+0QC 1.000 0.CC000E+00 0. 00000E«D0 C.00000QE+00 -2.29E+00
Nacl Halite 0.00000E+00  1.0C000E+00 1.000 ©.00000E~00  ©.Q0000E+Q0  §.00000E+00  -1_.24E-01
Na3Np02{C03)2(s)_DISABLED_DISARLED 0.00000E+00  1.00D00E+0D 1.000 0.00000E«00  0.0000GE+00  0.00000E+D0  -%_31E+02
NaOR{ag)...... to.tirrace _base.only 0.0D000E+Q0 C.CO0000DE+DO 1.000 Q.00000E+0D 0 .0000DE+DC 0,00000E-DO -2.94E+02
MpO20H (amar) . — . MpO20H Lamar ) 0.000008420  1.QG000E+Q0 1.000 0.00000E+00  O.0ODDOE«DD  0.0DDDDE+0D -3 .64E+00
NpC20Hiagedl__ NpO2CH({aged) 7.00000E+00 1.00000E+0C 1.000 0.C0000E~DD 0.00Q00E+0D 0.00000E+00 -3.05E+00
HCllaqg). .-... ,to.titrate.acid.cnly 0.00000E+00 0.CO000E+DD i.cco C.00000E+00 0.00000E+00 0. 90000E+00 -2 . A9E+02
poMl = -log[miH+)] = 10.0620
pH = -logla{H+}] r 9.4695%
osmotic Coefficient= 1.241325
Equilibrivunm RH (%) = 77.812731
Ionic Screngrh {(m) = 5.612017
Density, kg/m3 = 1188.81 .
NOTES: - Water ‘molality* is mole fraction H20 in aquecus phase
- Gas "molality® and "activity' are gas partial pressures
- "DesCriptcor* means:
=4G/RT7/1nl0 for species with nonzerec concs. (convergetee criterion?
+saguration Index for minerals, SI=loglC{IAP/Ksp)
*loglOlactiviey! for agquecgus species with very small concentrations
*legiCi(partial pressure) for gases
Total G/RT= -4.63721298E+03
Flashing Titration ¥ 8
¥ inversions for bacch pbim 23
1Benchmavk TITRATE Problem, LOGLC oprtion; Np(W102 with €03 in 5.61mclal NaCl FMT V2.0
DATABASE: HMWE4/FWEE: Np(V]-Na-CO3-OH~C1-Cl04 {NR94):
§5.01.21 Am({IXX)-Na-C1-CC3-504-PO4 (FRSR89,FRFI0, P91, RFFRI2, RFF94, RRFF94})
Pressures 1.00000E+00 [=] AT™M Temperatures 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. HMolazity Ag. mg/liter
3.86695692E+0] 1.21018496E+02 5.53927291E+01 1.00177932E+05 Hydrogen
3.67172215E+01 S.55217773E+0] 4.97075822E+0L 7.95291491E+05 Oxygen
5.42967348E«00 5.61001045E+00 5.02253463E+00 1.15466917E+05 Sodium
0.00000000E+00  0.00COCOUOE+00  0.0CCOOOQCE+Q0  O.000COQDQE+D) Potassium
0.00000000E+CD 0.C0CC00Q0E+00 0.00000000E+00 0.00000000E+00 Magmesium
0.0000000CE+DD Q.00000000E+CQ 0. 000000CCE+0O0 0.00C00000E+DQ  Calcium
1.95138405E+00 5.60233091E+00 5.01565935E+00 1.77820171E+05 Chlorine
0 .0000Q000E+0D 0. CGI0IYGOE+Q0 0.000D0000E+0D 0.0000C000E+«DD  Sulfur
3.47712639E+00 4.34048558E-03 3.88595344E-03 4.66741868E+01 Carbon
4. C000000CE~DD 0.C000000ADE+CD 0.00000003E+00 0.0000D000E+C0 PosIon
Q0. 000000COE+D0 9.00000000E+CO 0.00000C0OE+D( 0.00C0D000E+00 NegIon
©0.00000C00E+00 0.000000C0E+QQ 0.00000000E+CD 0.0000CD00E«D0 Aiy
0.00000CO0E~O0 0.0G000COOE+QD 0.00000000E+00 0.00000000E+00 Boren
0.00006000E+0C 0.00000000E+00 0.0CO00000E+D0 0.000CC000E+GC PBromine
0.00080C00E+0D 0.00000000E+D0 0.0000C00QE+Q0 0.00000000E+00 TracerEl
0.000000Q0E+GD 0.0000C0Q0E+D0 0.0000Q0000DE~DU 0.00000000E+00 Th{IV) .
0.00000000E«80 0.C00C0000E+CO 0.09000000E+00 0.00000000E+00 Am(III} o~
0.00000000E+00 ©.00000000E+C0 0.0000000CE+QQ 0.00C0000QE+00 T(VI) .—"’ .
3 .47561578E+0C 3.60501967E-06 3.22750493E-06 7.65074233E-01 Np(V) i .
0.00000C00E+0C  O.0DD00GOOE+OD  0.000COOCOE+G0  0.00000C00E+00 Clo4- (EL) . 3
0.00DOCCGOCEDD 0.00000000E+00 C.0000CDOOE+00 0.C0CO0000E+0Q0 Phospherus . ‘
0.0D00CO0QE+CE 0.00000C00E+0D 0.00006000E+00 0.0C000D0CE+OD Electron
-4.02027671E-16 -1.15420235E-15 -1.03333521E-}% 0.00D00000E+00 Charge
Solution Paramerers, Calsulated e
SOLUTION MASS  462.514079623513 grams e
H20 MASS 348.31645643BEER grams
TDS{G/kg} 327.8559513216366 g/kgH2C
Specified Solution Density
DENSITY 1188.80395005085 kg/m~3 = g/l
Selution Parameters Based on Specified Density
SOLUTICN VoL 0.389058330100373 liters
TDS 293.523141261063 gri
Density based on TPS and NaCl solutions 118E.80395005085 g/l .

Percent relative error vs NaCl density 0.0000000CC0000D0E+QO0 &
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

. TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Mame Molality Astivivy ket Coef Total Moles  Molarity mg/liver Descriptor
H20 WATER 8.318578-02 7.78177E-01 0.9354¢ 1.9334€E+01 4.965859E+01 €.95281E+05
NaNp02C03 (s) HaNp02C03 {s) 9.97832E+00  1.00000E+00 1.000 3.47S61E+00  B.93340E+00  3.14497E+06
Na+ Na+ 5.61001E+00  S.2B798E+00  0,9426 1.95406E+00  S.02253E+00  1.15467E+D5S
cl- c1- 5.602338+00 5.28028E+D0  0,5425 1.9513BE+B8  5.01566E+00  1.77820E+C5
co3= co3= 3.266558-03  8.4BOSSE-Q0S  2.5%963E-02  1.137808-03  2.52649E-03 1.75496E02
HCO3- HCO3~ 1.045418-03 3.94227E-04 0.3700 3.71098E-04 $.53817E-04 5.82004E+01
OH- OH~ €.773137E-05 3.68439E-05 0.5440 2,35928E-05 6.06407E-0S 1.03133E+00 -3.65E-10
NpO2 (€03 ) 2=- NpO2{CO312=- 2.08796E-06  5.42434E-11  2.5979E-05  7.27272E-07  1.86931E-06 7.272B6E-01 2.37E-09
NpO2 ({C03) 3==- NpO2{C03) Ia=- 1.37733E~06 1.10201E-15 §.0011E-19 4.7974%E-07 1.23305E-06 5.53751E-01 4. 86E-09
o2 (ag) CO2 (ag) B.07635E-08  2.34511E-07 2.904 2.81313E-08  7.21060E-08  3,18217E-03  ~1.7BE-08
NpO2CO3- NpO2C03- 1.33737E~-07 Z.43187E-07 1.818 4.65827E-08 1.19732E-07 3.93986E-02 1.23E-12
NpoZe NpoZ+ 5.82643E-09  1.15644E-G8 1.985 2.02944E-09  5.21629E-03  1.40343E-03  -32.34E-09
He H+ 5.44489E-11  2.12B40E-10 3.909 1.89655E-11  4.87471E-11  4.91322E-08 -9.88E-09
NpCZOH (aq) RpO20H (g} 1.64493E-10  1.64493E-10 1.000 5.72955E-11  1.47267E-10 4.212645-05 7.54E-09
WpQ2Z {OK1 2~ WpO1 (OH} 2- 9.78743E-13 2.92306E~13 ©.29%87 3.409128.13 8.76250E-13 2.8555BE-07 1.74E-08
NaJH{C0312.2H20 Trona 0.00000E+00  1.00000E+00 1.000 0.00000E+00  ©,00000E+DC  0.0000QE+D0  -4.4B8E+00
Na2C03 .H20, Thermenatrite 0.00000E+00  1.00000E+0Q 1.000 0.0Q0COE+00  0.D000CE+00  0.00000E+00  -3.23E+00
Na2C03 .7820_ _ Na2C03-Heptahydrate 0.00000E+0Q 1.00000E~00 1.9000 0.00000E+00 0.00000E+DO 0. C0O00E+OD ~2.93E+00
Na2C03 .10K20 Natron 0.00000E+00 1.00000E+C0 1.000 0.000D00E+QD 0.000COE+OD 0.00000E+00 -2.89E+Q0
NaHCO3 Nahcolite 0.00000E+00  1.00C00E+00 1.000 0.00C0CE+D0  0.000C0E+00  0.00000E«00  -2.2BE+00
Nacl Halire 0.00DOGE+00  1.00000E+00 1.006 0.00C0CE+00  0.000C0E+00  0.00000E+00  -1.24E-01
Na3INpO2 (€03} 2 (s)_DISABLED_DISABLED 0.0000GE+00  J,0C000E+GO 1.008 0.00000E<00  0.00CQ0E+00  §.00000E+00  -3,31E+02
NaQH{ag)......to.titrate.base.only 0. 00QCQE~CO Q.0CO00E+D0 1.000 0.00000E+0C 0.00CO0E+00 0.000D0E+DD ~2.94E+02
NpO2OH (amor) NpQ20H (amox ) 0.00Q0D0E+0C 1.00000E+DO 1.000 0._000Q0E+00 0.00000E«D0Q 0.00000E+00 -3.65E~00
NpO20H (aged) NpO20H {aged) 0.00000E+00  1.00000E+00 1.000 0.000C0E+DQ  0.0CO0O0E+0C  §,0DQ0OE+RR  -3.06E+DD
HCL(ag).....« to.titzrate.acid.only 0.00000E+0C  0.0000CE+0D 1.000 0.C0000E+0D  0,COQ00E+O0  0.00Q0DE+DD -2, 49E+02
poH = -log[miH+]] = 10,2640
pH = -logla(H+}) = $.6719
Osmotic Coefficient= 1.241147
Equilibrium RH (%) = 77.817733
Ionig¢ Strength {m) = 5.613297
Density, kg/m3 = 1188.80
NOTES: - Water "melality- is mole fraction H20 in aguecus phase
- Gas ‘molality" and “activity"~ are gas partial pressures
- *hascriptor” means:

+*d5/RT/1nld for species with nonzero concs. (convergence criterion)

*saturation Index for minerals, 5I=logl0(IAP/Ksp)

lpglfiacrivity) for agueous species with very small concentrations

*1pgl0iparcial pressure) for gases
Total G/RT= -4 .63866284E+03
Flashing Titration # L
# inversions for Bbatch phlm 23

+ lBenchmark TITRATE Problem, LOGLC option; Np(Vi02 with €03 in 5.6lmolal Nacl FMT V2.0 REER L

s DATABASE: HMWBd/FW86; Np(V1-Na-CO3-OH-C1-Clo4 (MR34); |
4 95%.01.31 An{IIT)-Na-Cl-C03-504-PO4 (FRSRBY,FRFS0, P91, RFFRIZ, RFF94, RRFFI4)

Pressures 1.00000E+00 [=]) ATM Tenperatures 2.98E+02 [=] Kelwvin
Elemental Abundances for Flash Froblem

Toral Moles Ag. Molality Ag. Molazity Ag. mg/liter

66349218E-06
-0COCCO00E+DQD
-000C0CA00E+0D
-00CCRO00E+00
-2436892BE-15

.96573175E-06
.0000C000E+00
.00000C00E+«00
.00000000E+00
.90402975E-15

.41416597E+00 Np(V)
-0CO0D0COE+0D CLlO4-{EL)
Q000Q0D00E+D0 Phosphorus
Q0000000E+00 Electron
JoC00000E+Q0 Charge

3.47561578E+00
0.0000Q00QE+DD
0.00000000E+0D
0.00000000E+00
-1.130872%15E-15

3.87052148E+01 1.11018564E+02 9.%3931709E+01 1.00178579E+05 Hydrogen
3.67369708E+01 5.55273411E+0) 4.97128537E+01 7.95375832E+05 ncygen
5.43147475E+00 5.61002696E+00 5.02256320E+00 1.15467727E+05 Sodium
0.00000000E+CO 0.00000000E+00 0.0000000CEDD U.00000000E+00 Potassium
0.0CH00000E+CD 0.0000000QE+00 0.0000C040E~0D 0.00000000E+0C Magnesium
C.0C000000E+DY 0.00Q0C000E+CO 0.0000099QE~00 0.0C000000E«00 Calzium
1.55190099E+00 5.59B65759E+00 5.01240002E+00 1.77704618E+05 Chlorine
0.0GO00000E+DD 0, 000000G0E+DQ 0. 0000000CE+00 0.00000000E+00  Sulfur
3.477758558+00 6.18147537E~-03 5.5341B864E~03 6.64711398E4+01 Cazbon
0.00C00COOE+U0 0. 00000000E+QD 0.00000000EXQ0 0.C00000D0E+DC PosIon
0.00000C00E+00 0.00000000E+C0 0.00C0QU00E+DC 0. 000000002+00 NeglIon
0.00C00000E+CO 0.G0000000E+00 0.00000000E+0D 0.00000000E+00 Air
0.00000000E+00 0.0000000QE+00 ¢.000000C0E+00Q 0.00000000E+00 Boron
0. 00000000E+CO 0.00000000E+0D0 ©.Q000Q000E+CC  0.00000Q00CE+0D Bromine
©.06000000E+00 0.00000000E+0Q 0.CC0D0D00E+GO ¢.00000000E+0D TracerEl
0.00000000E+C0 0. 0000000CE+00 0.GQO00000DE+CGD 0.CO000000E+00 ThiTV)
C.CCO000D0E+DD 0.0CQ0C000E~QD 0.00D0C0O0E~DD 0.00000000E«00 Am(IIX!}
0.00000000E+00 0.0000C000E+00 0.000GC000E~QD 0.0000C000E+00 UIVI)

6. 5 1

o 0 Q

0 [+ 0.

o ¢ 0.

3 -2 0.

Sclution Parameters, Calculated

SOLUTION MASS  462.933810446950 grams
H20 MASS 3d8.637323019311 grams
TDS {g/kg) 327.837764084031 g/%gH2O

Specified Solution Density
DENSITY 1168.79484008680 kg/m~3 = g/l
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
Solution Parameters Based on Specified Density
SOLUTION VOL 0.189416449591688 liters
™s 293.508593601194 g/l
Density baged on TDS and NaCl sclutions 1188.79464008680 g/1
Percent Telative error vs NaCl demsity 0.000000000000000E+000 &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Hame Molalicy RoEivity Act Coef Total Meles  Melarity mg/liter Descriptor
H20 WATER 8.31%19E-01 7.78B249E-01 0.9355 1.93524E+01 4.9B961E~01 8.952B6E+05
NaNpo2cod (5) NaNpO2CO3 (5) 9.96514E+00  1.0000DE+0D 1,000 3.47561E+00  §.92523E+00 3 .14209E+06
Na+ Na+ 5.61002E+00¢ 5.28690E+Q0 0.9424 1.95586E+00 5.02257E+00 1.15468E.05
cl- <1- 5.59886E+00 5.27483E+00 4.%422 1.95190E+G0 5.0124DE+0C 1.77T05E+05
Co3e CO3x 5.06627E-03 3.31507E-04 2.5957E-02 1.75629E-03 4.53576E-03 2.72187E+02
HEGI- HCO3- 1.09867E-03 4.06389E-04 0.3699 3.83037E-04 9.83623E-04 6 .DD17EE+01
OH- QK- 1.01865E-C4 5.54263E-08 0.5441 3.55141E-05 9.11987E-05 1.55104E+00 -1.77E-10
RpC2(CO3 2=~ NpO2 (C03) 2=~ 3.23222E-06 §.41283E-11 2.6028E-05 1_126B7E-06 2.85376E-0& 1.12586E+00 8.12E-10
NpO2 (€03 ) 3==~ NpO2 (€03 ) 3==- 3.29354E-08 2.65024E~15 §.04658z-10 1.14825E-06 2.94B66E-06 1_32417E+00 1.75E-08
CO2 (ag} Qo2 {ag} 5.53405E-08 1.60697E-07 2.904 1.82938E=-08 &.95456E-D8 2.1804%e-~02 -9.24E-0%
NpO2003- NpO2CO3- 1.33B06E-07  2.43236E-07 1.818 4.66498E-08  1,19795E-07  3.54192E-02 5. 06E-13
Np02+ RpO2+ 3.76324E-09 7.45944E-09 1.982 1.31200E-09 3.36917E-09 9.06465E-04 -7.98E-10
H+ H+ 3.62550E-11 1.41496E-10 3.903 1.26398E-11 3,24586E-11 3.271%0E-D8 -4 .85E-09
NpO20H (ag! NpO20H (ag) 1.59617E-10 1.59617E-10 1.000 5.56486E~11 1,42903E-10 4.087891E-05 4.15-0%
NpOZ {CH) 2~ NpO2 (OH} Z- 1.42919€E-12 4.26699E-13 0.2986 4,98268E-13 1,27953E-12 3.87777E-07 9.11E-0%
Na3H{Q03)2.2H20, Txona D0.0C000E+0D 1.00000E+00 1.000 0.00000E+00 Q. 000G0E+0D 0.00000E+00 -4 ,28E+00
Na2CO3 .H20. Thermonatrite {.00C000E+00 1.00000E+00 1.000 0.00000E+00 0.C0000E+DO C.CRRODE+00 -3 _03E+D0
Na2C03 . 7H20____ Na2C03-Heptahydrate 0.00000E+00 1.000D0E+C0 1.000 0.00000E+00 0.C000NE~DD 0.C0009E+Q0Q -2 .74E+00
Na2C03.10H20 Natron 0.00000E+Q0 1.00000E+C0 1.000 0. C0000E-Q0 0.00000E+00 0.C00000E+Q0 ~2.70E+D0
NaHCOd Nahcolite 0.00CCOE+QQ 1.000CCE+CO 1.000 C.CGCO00E+0D 0.00000E+00 0. 00000E+00 -2.26E+030D
NaCl Halite 0.000CBE+0Q 1.000C0E+DD 1.000 0. 00000E+0D 0.00000E+00 0.00000E+00 -1.25E=-01
NalNpO2 (CO03}2(s) DISABLED DISABLED D.0CDOGE~0OD 1.00009E+00 1.000 0.00000E~DD {.00000E~00 0. 00000E+00 -9 31E+02
NaOH{ag)...... to.titrate.base.oniy 0.08000E~D0 0.0000QE+00 1.p00 0,00000E+C0 0 .00000E+00C 0.00000E+00 -2.94E+02
NpO20H (amor } NpO2OH (amor} 0.C0000E+D0 1.00000E+00 l.000 0.00000E+00 0.00000E+Q0 0.J00D0E+QQ -31.66E+00
NpO20H (aged) NpO20H (aged) 0.00000E«C0 1.00000E+00 1.000 0.00QGDE+DD 0.00000E+00 0 .00000E+0O0 -1 .07E+00
HCllagl....... toe.titrate,acid.only G, 00000E+CO 0.C00000E+0OD l.000 2.00000E+Q0 0.00Q00E+DD 0. 00000E+0D -2 49E+02
pmH = -log(m(H+]] = 10.4406

PH = =logla(H+})
Osmotic Coefficien
Equilibrium RH (%}
lonic Strength (m)
Density, kg/m3

NOTES :

= 9.8493
t= 1.240893
= 77.824850
= 5.6151286
= 1188.79

- Water "molality” iz mole fragtion H20 in aqueous phase
- Gas -molality" and ‘activity* are gas partial pressures

~ *Descriptor* means:
*d3/RT/1nl0d for species with nonzero concs. (convergence critexion)
*Saruration Index for minerals, S$I=loglO(IAP/Ksp)
“loglC{activity) for aqueous species wirh very small concantratioms
*loglOipartial pressure) for gases

Total G/RT= -4.64072873E+03

Flashing Titration # 10

# imversions for batch pblm 22

lBenchmark TITRATE Probklem, LOGLO option; MNp{V}02 with CO3 in 5.6lmolal NaCl

FMT VZ.0

DATABASE: HMWB4/FWEE; Np(V!-Na-CO3-CH-Cl-Cl04 (NRS4);
95.01.31 Am({III)~Na-Cl-CO3-504-PO4 {FRSRA89,FRF90,P91, RFFR92,RFF94, RRFF94)
Pressure= 1.00000E+00 {=} ATM Terparature= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles

Ag. Molality

Ag. Molarity

Ag. mg/liter

3.87560135E+02 1.11018653E+02 9.93942650E+01 1.00179480E+05 Hydrogen
3.67651156E+01 5.55352555E+01 4.97203463E+01 7.95495T09E+05  Otygen
5. 43404174E+Q0Q 5.61002728E+00 5.02262026E+CD 1.15468885E+05 Sodium
0.00000000E+C0 0. 000000CG0E+DD 0.00000G00E+00D 0.00000000E+0D Fotassium
©.0C0000C0E+00 C.00000000E+0C0 0._00000000E+00 0.00000000E+00 Magnesium
©.000000C0E+DD 0.0C000000E«00 0.00000000E+00 0.00000Q0CE+D0 Calcivm
1.95263769E+00 5.59343408E+0C 5.00776448E+00 1.77549274E+05 Chlorine
0.0000COC0E~DOQ 0. 0C000000E+0D Q.00000000E+00 0.00000000E+00 Sulfur
3.47868370E+00 8.50060113E-03 7.87911990E-03 5.46361091E+01 Carbon
0.00000000E+CD 0.00D00000E+GD 0.C¢0000000E+C] 0.00C00000E+DD Poslon oE
0.90000000E+00 ©.00000000E+00 0.00000000E+00 0.C0000000E+Q0Q0 NegIon " #
0.00000000E+D0 0.0000000CE+00 ©.00000C00E+00 0.00000000E+CGD  Air i ;
0.00000000E+CO 0.0000000CE+00 & .0D0COCO0E+QD 0.00000000E+00 Boron *
0.000C0000E+00 0.0000000CE+00 0.00000000E+0D 0.000CCO00E+D) Bromine -
0.00000000E+00 0. Q0000000E+00 C.000000COE+0D 0.0000000CE+Q0 TracerEl
0.00000000E+00 0.00000000E+00 0.000000C0E+00 0.00000000E+00 Th{IV)
0.00000000E+00 0.00C00G00E+0D0 0.00000000E+0C 0.CQ0000Q00E+00 Am(TII)
Q.00000000E+00 0.00008000E+0C 0.00000000E+00 3.0C000000E+QQ UIVI}
3.47561578E+00  1.23872216E-05 1.10%01974E-05 2.62881134E+00 Np{V}
0.00000000E+0C 0.00000000E+00 0.00000000E+00 0.00000CCOE+DC ClO4-(EL)
0.00000090E+00 0.0000000CE-00 ©.00Q000G0E+0D 0.0CCO0Q00E+00 Phasphorus
0.0000QQ00E+OC 0.0000000GE+00 0.000QC0000E+CD 0.0C000000E-D0 Electron
-6.72313767E~16 -1.925B7B40E-15 -1.72422617E-15 0.00000000E+00 Charge
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Solution Parameters, Calculated

SOLUTION MASS 463.532138924454 grams
H20 MASS 349.054609954685 grams
TDS(g/kg) 327.812362913952 g/ RgHZO
Specified Solution Density
DENSITY 1188.78161259327 kg/m~3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VOL 0.389922035424127 liters
DS 293.48B8216965687 g/l
Density based on TDS and NaCl solutions 1188.78161259327 g/l

Percent relative error vs NaCl densiry 0.0C00000CC0000CDE+DO0 %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Activicy Act Coef Total Moles Molaricy mg/liter Descriptoy
20 WATER B.31951E-01 7.78350E-01 0.2356 1.93778E+01 §.96966E+Q] &.95293E+05
NaNpO2CO3 (s} —_NaNpO2CC3(s) 9 .9560T7E+00 1.00000E+C0 1.000 3.47S61E+00 8.9213€1E+00 Z.13804QE+06
Na+ Na+ S.61003E+00  5.28539E+00  0.9421 1.95843E-00 5.02262E+00  1.154639E+05
cl- c1- 5.59343E+00  5.26704E«00  0.941¢ 1.95264E+00 5.0G776E+00  ]1.77540E+05
CO3= <03= 7.62562E-03 1.978BCE-04 2.5949E-02 2.66206E-03 6.B2717E-02 4 .COE92E+02
HCO3- HCO3 - 1.14251E-03  4.22333E-04  0.3637 3.98983E-04 1.02324E-02  €.24350E+D1
OH- OH- 1.4737%E-04  B.02242E-05  0.5443 5.14493E~D5 1.31948E-04  I.24408E+00 -2.23E-C8
RpQ2 (CQ3 )22~ NpOZ (CO3) 2=~ 4.B85191E-06  1.268624E-10 2.6Q098E-05 1.69378E-0G5  4.34388E-06 1.6%005E+00 1.77E-08
NpO2 (C01}3==- NpO2(C03)3==- 7.39875E-06 6.00222E-15 §.1125E-10 2_58286E-06 & .62405E~-06 Z.97469E+00 3.56E-08
Ccoziaq) Co2 taq} 1.97510E-08  1.15435E-Q7 2.904 1.38769E-08 ) .SS8B8E-08  1.S56626E-03 -3.82ZE-07
NpQ2203- NpQ2C03- 1.339058-07  2.43306E-07 1.817 4.67T454E-08  1,19884E-07  :.944864E-02 2.95E-11
NpO2+ NpO2+ 2.5C641E-0%  4.95882E-09 1.978 8.74575E-10 2.24398E-09  €£.03735E-04 -1.78E-{8
H+ H+ 2.51081E-11  9.77709E-11 3.8% B.76512E-12  2.24792E-11 I.26367E-08  -1.28E-§7
NpO2OH {aq) NpO2OH {ag} 1.-93583E-10  1.53583E-10 1.000 5.36149E-11 1.375028-10 3 .93329E-05 1.10E-07
NpQ2 {QH) 2- NpQ2 (OH) 2~ 1.59131E~12 5.594256E-13 0.2984 €.95155E-13 1.7B2B1E-12 £ .40300E-07 Z.3BE-07
Na3H{CO3)2.2H20 Trona 0.00000E+0C  1.00C00E+0QD 1.000 0.0000CE+00 G.00000E+00  {.00000E+D0 -4 . 08E+00
Na2C03 .Hz0 Thermonatrite 0.C0000E+00  1.00C00E«00 1.000 0.C00Q0E+QD C.00000E+00  (.Q0000CE+00  -2.BSE+00
Na2C03 . 7TH20 Na2C03-Heptahydrate 0.00000E+00 1.00000E+00 1.000 0.00000E~00  Q.D00Q0E+DQ  (.Q0000E+DD -2 _56E+00
Na2COl.10M20___ = Natxon C.C0000E+0C  1.00G0OE«QD 1.000 0.000Q0E+00 €. DOB00E+D0 ¢ .0DQOOE+DO  -2.52E+00
NaHCO3 Nahcolite 0.00000E+0Q 1.00C00E«QQ 1.000 0.0C000E+00 0.00000E+C0D C . 0000QE+0O0 -2 .25E+00
NaCl Halite 0.C0C00E+DC 1.00000E+0C 1.000 0._CCOQVE~DD 0.00000E+00 C.00000E+00 -1.26E-02
Na3Np02 {CO3) 2(s)_DISABLED DISABLED 0.00000E+00 1.0C000E+00 1.000 ¢.GCDODE+DD 0.90000E+00 ¢ .000CCE+O0 ~§.31E+02
NaOH(ag}...... to.titrate.base.only 0.00000E+C0  0.00000E+00 1.000 0.CO00OE~D0  0.00000E+QC  C.00QCOE+0D -2.94E+02
NpQ20H {amor ) NpO20H (amozr } C.00000E+00  1.C00Q0E+QC 1.000 C.00000E+00  0.00000E+0C  C.0OBCOE+0Q -3.68E+00
NpO20H (aged) ______ NpO20H (aged) 0.00000E+Q0  1.0C000E+GC 1.000 0.0000Q0E+00 0.00000E+Q0  C.DOCOOE+D0 -3.09E+00
HCl{ag}....... to.titrate. acid.only 0.00000E+QD 0.C0DODE+CO 1.000 G.0000QE+00D 0.C00DDE+QG € .0GCOOE+0Q -2.49E+02
aH = <leglm(He}] = 10.6002
PH = -logla(H+}] = 12.00%88
Osmotic Coefficient= 1.2495212
Equilikbrivm RE (%) = 77,834368
Ionie Sgreagth (m) = 5.617741
Density, kg/m3 = 1188.78
NOTES: - Water "molality” is mole fraction H20 in agquedus phase »
~ Gas ‘melality" and "activity" are gas partial pressures o el ,’ e
-~ "Descriptor" means: . s ™

"AG/RT/In10 for species with nonrerd ¢oncs. (Sonvergence criterion)
*Saturation Index for minerals, SIslogl0{IAP/Ksp)

*logldi{activity! for agqueocus species with very small concentrations
*loglOipartial pressure) for gases

Total G/RT= ~3.64367246E-03
Flashing Titration # 11
4 irvarsions foy batch phlm 22
; 1Bencimark TITRATE Problem, LOG10 option; Np{V}02 with CO3 jn S,6lmolal NaCl FMT V2.0
DATABASE: HMWB4/FWB6; Np({V!-Ra-CO3-0K-Cl-CLlO4 [(NR94);
95.01.31 Am{III)-Na-Cl-C03-504~-POd (FRSR89,FRFI0, P91, RFFR92,RFFS4,RRFF34)
Préssure= 1.C0000E+0Q {=] ATM Temperature= 2.98E+02 i=] Kelvin

Elemental Abundances for Flash Problem

Total Molas Ag. Molality Ag. Molarity hyg. mg/liter
3.8B2B4068E+0L 1.11018771E+Q2 9.93954996E+01 1.00180724E+05 Hydrogen
3.6B052248E+01 5.55465070E+01 4.97309848E«01 7.95665918E+05 Oxygen
5.43759997E+00 5.61004415E+00 5.02269243E+00 1.154705448+05 Sodium
0.00000000E~0D 0.000C00Q0E+DC 0.00000000QE+0D0 0.00000D0CE+00 Potassium
0.Q00000000E~+00 0.00000000E+0C 0.00G00000E+GC 0.00000000E+00 Magnesium
0.000C0000E+OD 0.00000000E-DC 0.00000000E+DO 0.00000000E+00 Calsium
1.585368755E+00 5.58601315E+0Q0Q 5.00117739E+00 1.77306742E+05 Chlorine
0.C0000000E+O0 0. 00000000E~00 0.00000000E+Q0 0.00600000E+00 Sulfur
3.4799878BE-00 1.25239828E-02 1.12127662E-02 1.34€76535E+02 Carbon
0.GO000000E~OD 0.0000C000E+DD 0.00000000E+00 0.00000000E«D0 PosIon

0. C0000000E+QD Q. 000CCODQE+DD 0.00000000E«00 0.000C0000E+00 Neglon
0.00000000E«DC J.00000000E-00 0.00000000E+00 0.00000G00E+Q00  Air
©.000000GOE+DOD 0.00000000E+CO 0.00000000E+0D0 0.00000000E+Q0 Eoren
0.000D0CCOE«0D 0.0000D000E+CD ©.00000000E+00 0,00000C0CE+00 Bromine
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Appendix N: Sample Qutput File “Np_NaCl_BM_LOG.OUT"

0.00000000E«00 0. 000000O0ESDD 4J.0000D000E«DO 0 .000000Q0E+D0 TracerEl
0. 00000000E+00Q C.COC00000E+CD 0.0000CC0JE~0D 0.00000000E+0C  Th{IV)
0.00000000E+D0 0.0Q00Q0000E+Q0D Q.CCD000CDE+OT 0.C0000000E+QQ AmiIII)
0. 00000000E-00 0.00000000E+0D 0. C0C000000E+DD ©.000000CDE+D0 U{VI) _
3,47561578E+00 2.32128943E-05 2.07825866E-05 4.92647476E+00 Np[V)
C.00DD00QOE+DY 0.0G000000E~00 C.80000000E+00 0.00000000E+00 ClO4-{EL)
0.0000GEOOE+00  0.00000000E+BD  0.000CODQOE+RC  0.00000000E+00 Phosphorus
0.0000C0D0E+DO 0.0000000QE+DQ 0.00000000E+00 0.00000000E+00 Electron
-B.43194194E-16 -2.410B7366E-15 -2.15B46374E-15 0.0C00000DCE+00 Charge

Solution Parameters, Calculated

SOLUTICN MASS 464.385150217386 grams

H20 MASS 249.746321818902 grams

TDS(g/kg} 327.777080834729 g/ RgHIO

Specified Solution Density

DENSITY 1188.76353136245 kg/m*3 = g/l
Soluticn Paramerers Based on Specified Density
SOLUTION VOL 0.390645521977908 liters
TDS 293.459563403115% gsl
Density based on TDS and NaCl selutions 1188.76353136245 g/l

Percent relative error vs NaCl density 0.0C00000C000000CE+DDD %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles Molarity my/licer Descriptor
K20 WATER 8.31997=-01 7.78493E-D1 0.9357 1.54140E+01 4.96971E+0]L 8.95304E+D5
NaNpO2CO3 (s} NaNpO2CO3 (5] &.93751E+00 1.00000E+00 1.000 3.47561E+00 B.B8709E+CC 3.13218E+06
Nas+ Na+ 5.61004E+00 5.28332E+00 0.3418 1.56209E«0D 5.02269E+C0 1.15471E+05
tl- cl- 5.58601E+00 5.25591E+00 0.9409 1_95369E+0D0 5.00118E+CC 1.7TI07E+05
coO3= Co3= 1.12609E=-02 2.92079E-D4 2.5937E-02 3.93B46E-03 1.00812E~(2 6.05009E+02
HCO3- HCO3- 1.20082E-03 4.43607E-04 0.3694 4.19981E-04 1.07510E-03 §.559%92E+ 01
OH- CH- 2.07123E-04 1.12810E-D4 0.5447 T.24404E-05 1.85436E-0¢ 3.15380E+00 -2.25E-09
NpO2{C0312=~ NpO2 (CO3) 2=~ 7.13717E-06  1.8BYTSE-10  2.6197E-05  2.49620E-06 6.389%93IE-06  2_.48610E+DO 4.21E-09
NpO2 (CO3) ==~ NpO2 (CO3) 3ns— 1.5%398E-05 1.30821E-14 §.2072E-10 $.57490E~06 1.4271CE~05 6. 40874E+D0 £.72E-09
CO2 {aq) CO2 laq) 2.96765E~-08 8.61856E-08 2.904 1.03792E-08 2.65655E-08 1.16932E-03 -9, 22E-08
NpO2C03- RpO2C03~ 1.34044E-07 2. 43401E-07 1.816 4.68815E-08 1.20010E-07 3.94902E-02 8.14E~12
NpG2+ NpO2+ 1.70329E-09 3.35086E~09 1.973 5.95718E-10 1.52496E-09 4.102B5E-04 -4.25E-09
NpO2OH (ag) NpO2CH{aq) 1.4837C0E-10 1.46370E-10 1.000 5.11325E-11 1.31046E-10 3.74B63E~-05 4.11E-08
H+ H+ 1.79163E-11 €.95424E-11 3.882 6.26615E~12 1.60405E-11 1.61672E-08 -4.53E-08
NpO2 (CH} 2- NpO2Z {OH) 2= 2.67040E-12  7.9638EE-13 0.2982 9.332%63E-13  2.39082E-12  7.24565E-07 8.64E-08
Na3E{C03)2.2H20, Trona 0.00000E+0Q0 1.00000E+Q0D 1.000 4.000C0E+00 0. 0000CE~00 0.0C0OJE+QD -3.89E+00
Na2C03 .H20 Thermonatrite 0.00000E+QC 1.00D0CCE+GD 1.000 9.00000E+00 0. 00000E+00 0. 000OOE+QQ -2.68E+00
Na2CG3 . TH20 Na2C03-Heptahydrate 0.00000E+00 1.00000E+00 1.000 G.000C0E+Q0 0.000C0E+D0 0. GC000E+00 -2,39E+Q0
Na2CQ3 . 10H20. Hatron 0.60000E+0C0 1.000C0E+00 1.000 {J.00CCOE+0Q 0.000C0E+DD 0. 00000E+00 -2.35E+00
NazCe3 Naheolite 0.0000QE+00 1.00000E+Q0 1.000 0.00000E+00 0.CCO00EQQ 0. C0000E+DO -2.23E+00
Nacl Halite ©.00000E+00 1.00000E+0C 1.000 0.00000E+00 0.0CO00E+DO ©.00000E+0D0 -1.27E-01
Na3Npl2 (€03} 2(s)_DISABLED DISABLED 0. 00000E+0O 1.00000E+00 1.000 0.00CDCE+CO 0.20000E~00 G. 00000E+DD -9.31E+0Q2
NaOH{ag}...... to.titrate .base.enly 0.00000E+DD 0.0000QE~DC 1.000 0.00COCE+DO 0.GC000E~DD ¢. c0000E+0D -2.94E+02
NpOZOH{amox} NpO20E {amor ) C.Q0000E+00 1.00000E-00 1.000 0.0000BE«D0 C.0C000E+00 0. 00QQ0E+00 -3.70E+00
NpO20H (aged) NpG20H{aged) 0.00000E+DC 1.0000QE+0DQ 1.000 0.00000E+QO . 0C000E-DO C.00000E+00 -3.11=+00
HCliaq)....... to.titrate.acid.enly 0.Q0000E+00 0.0000CE+DD 1.000 0.00000E+00 0.8C000E+0D 0.00000E+00D -2.50E+02
peH = -log[m{H+]]) = 14.7468
pH = ~log(a(E+)] = 10.1578
Osmotic Coefficients 1.240021
Equilibrium RH (%) = 77.845336
Ipnic Strength (m) = 5.621486
Density, kg/s3 = 1188.76
NOTES: - wWater "molality* is mole fraction H20 in aqueous phase
- Gas *molality” and "activity® are gas partial pressures
- "Descriptor” means: .

*a5/RT/1nl0 for species with nonzerp concs. [conveygence criterion} n

*Saturation Index for minerals, SI=logl0{IAP/Ksp) 4

*leglOiactivity) for agquecus species with very small concentrations :' .

*loglG(partial pressure] for gases

Total G/RT= -4.64THETOSE+0
Flashing Titration # 12
# inversions for batch pblm 22
1Benchmark TITRATE Problem, LOG1) option; Npi{VIO2 with CO3 in 5.61lmolal NacCl FMT V2.0
DATABASE: HMWB4/FWBE; Np(V)-Na-CO3-OH-Cl-C104 (NR34):
95.01.31 Am{III)=-Na=-Cl-CO3~-S04=-P0O4 (FRSRB9,FRFS0, P91, RFFR92, RFF94, RRFF94)
Prassure= 1.00000E+Q0 [=] AT Terperaturexc 2.9BE+02 [=] Kelwvin

Elemental Abundances for Flash Problem

Total Moles AqQ. Molality Ag. Molarity Ag. mg/liter

3.89315747E+01 1.11018923E+02 §.93971848E+01 1.00182423E+08 Hydrogen
3.68623846E+01 5.55624877E+01 4.97460679E+01 7.959C723BE+0S Oxygen
S.44291331E+00 5_61007250E+00 5.02279611E+CC 1.15472927E+05 Scdium
0.00000000E+D0 0.GO00O0DJE+QQ 9.00000000E+DD C¢.00000000E+00 Potassium
0.90000000E+QD G.000C0000E+00 4.0000000CE+0Q 0.000000C0E+00 Magnesium
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0.00000000E-00 0. 00000Q000E+CD 0.0000000CE+0D 6.00000000E+0C Calecium
1.9551B372E+00 5.5754B446E+D0 4.99182884E+00 1.76975308E+05 Chlorine
0.000C0000E+00 0.0000CO00E+0Q 0.00000000E+00 0.00000000E+00  Sulfur
31.48184647E+00 1.78114648E-02 1.594691628-02 1.%1538411E+02 Carbon
0.00000000E~00 0. 0000C000E+DD 0.00000000E+0C 0.00000000E+08 PosIon
0 .000C0000E+0Q0 0. 0000C000E~DD 0.90000000E+00 0.00000000E+00 Neglon
0.00000000E+00 0.0CODY000E+CO 0.0C00000CE+0Q 0.000CO000E+00 Aix
0.000C0000E+00 0.00000000E+00 0.0000000CE+0Q 0.000CO0D0E«D0 Boren
0.000C0000E+00  0.C0C00Q00E+RC  0.0C000000E+O0  0.00GOOC00E+0D Bromine
3.00000000E-00 0.00000JGDE~D0 0.00000000E+Q0 0.G0000000E+00 TracerEl
0.00000900E+C0D 0.000CCICDE-DC .000CD000E+QD 0.00000000E+00 ThiIV)
0.0D0OCDODDE+LD 0. 0CC0Q000E+00 £ .000Q000CE~D0 0.Q0000000E+C)  Am(III}
0. 00000000E+00 C.CC000000E+DO 0.0C000000E~QO 0.00C0000DE+GD UI(VI)
3.47561578E+D0 4.37690919E-05 3.51872342E-05 9.,28926332E+00 Np(V)
0.0C000000E+Q0  C.COCOQO000E+B0  ©.0COO000CE+00  0.00000000E+0D ClO4- (EL}
0.0C000000E+0D 0. 000C0Q00E+00 0. 000CH000E+CO 0.00000000E+00 Phospherus
0.0C000000E+00 0. 0000A000E-DD 0.00000000E«CO 0.000000Q0E+00 Electron
-1.32033463E-15 ~3.76512199E-15 -3.3709796ZE-15  0.00000000E+00 Charge

Solution Parameters, Calculated

SOLUTION MASS 465.601420606269 grams

H20 MASS 350.67512635209¢6 grams

TDS(g/kg) 327.728674256700 g/ kgH20Q
Specified Soluticn Density

DENSITY 1188.73872346794 kg/m~3 = g/l
Scluticn Parameters Based on Specified Density

SOLUTION VOL 0,391676834795082 licers

DS 293.421218832869 g/l
Density based on TDS and NaCl solurions 11B8.73872346794 g/l

Percent relative error vs NaCl density 0.000000000000000E+0C0 %

TABLE OF CUNCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Attivity Act Coef Tctal Moles Molarity mg/liter Descripror
H20 WATER. B.32061E-01 7.78697E-01 0.%35% 1.94655E«01 4,969798+01 €.35318E+05
Nanp02C03 (8] NaMpO2C0lis) 9.91117E+00 1.00C00E+00 1.000 3.47560E+00 8.B7364E+00 1 .12393E«06
Na+ 5.61007E+00 5,28057E+00 0.9412} 1.96731E+00 5.02280E+0C 1.15473E+05
Cl- S.STS48E+00 5.24C02E+CO Q0.9338 1,95518E+0C 4.99183E+00 1.76875E+05
Coi= 1,64154E-02 4.254B0DE-C4 2.5920E-~02 5.75648E-03 1.46970E-02 £.B1356E+02
HCO3~ 1.27533E-02 4 .7D618E-04 0.3890 4.47227E-D4 1.14182g-03 £.95705E+01
CH~ 2.84255E-04 1.54942E-04 0.5451 .96812E-05 2.54499E-04 4.32833E+00 -1.42E-09
NpO2 (003 ) 2= NpOZ [CO3) 2=~ 1.03463E-05 2.72515E-10 2.6339E-05 3.62818E-06 $.26320E-06 3.58039%E+00 2.42E-09
NpOZ (CO3) 3==~ NpC2 ({Q3) 3==- 3.32873E-0% 2.77755E-14 8.3442E-10 1.16730E-05 2.98D27E-05 1.23836E+01 5.14E-09
Co2 (ag) CO2{aq} 2.29199E-08 §_65707E-08 2.964 8.03744E-0D9 2.05206E-08 £.03107E-04 -7.40E-08
NpO2C03- NpO2C03 - 1.34242E=07 2.435288-07 1.814 4.70755E-08 1.20190E-C7 3.95491E-02 6.18E-12
NpO2+ 1.17432E-03% 2.30833E-09 1.966 4.11805e-10 1.05139E-09 .82874E-04 ~2.46E~09
NpO20H lag) 1.38078E-10 1.3§078E-10 1.000 4.84205E-13 1.23624E-10 2.53631E-05 3.39E-08
H+ 1.31074E-11 5.06455E-11 3.884 4.59643E-12 1.173%53E-11 1.18280E-08 -3 .64E-08
NpQ2 (OH) 2~ NpO2 (OH) 2~ 3.4632%E-12 1.03185E~12 0.,297% 1.21448E-12 3.10073E-12 €.39711E-07 7.04E-08
Na3H(CO3)2.2ZK20 Trona 0.0GO00E+00 1.00000E+00 1.000 0.00000E+0OC 0. CGOO00E+Q0 €. 00000E+DC -3.70E+00
NazC03 .H20, Thermonatrite 0.0CI0Q0E+QQ 1.00000E+00 1.000 0.00000E+0D 0.0C000E+00 (. 900Q0E+D0D -2.52E+Q0
© NazZ{03, TH20, Na2CQ3 -Heptahydrate Q.00000E+00 1.00000E+00 l.000 0.000CQE+CC 0.00000E«DD C.900Q0E+Q0Q -2.23E+00
Naz0O3 . 1OH2O, Natron 0.00000E+QC 1.00000E+00 1.0¢0 0.C0000E+GO 0. 00GU0E+DD C.00000E+0QO -2 .19E+00
NaHCO3 Naheolite 0.0C00UE+00 1.00000E+C0 1.000 0.00000E+DC 0.00000E+00 C.00000E~DD -2 .20E+00
NaCl Halite 0.0CG00YE+DD 1.00000E+00 1.000 0.00000E+C0 Q.00C0D0E+DD (.00QQ0E+QQ -1.28E-01
Wa3NpO2 (C03) 2 () DISABLED DISABLED J.0CO0QE+D0 1.00000E+00 1.000 0.00000E+CO 0.00CO0E+DO C .00000E«D0Q -3.30E+02
NaQH(aqg) ...... to.titrate. base. only 0.00000E+QD 0.00000E+00 1.000 0.CO000E+QC 0.00BO0E+0D C .00000E+0D -2.94E+02
NpO20OH [ amor) NpO20H (amox) £.0C00QE+00 1.00000E+00 1.000 0.000CQE+CC 0.000Q0E+QD C.0C000E+DO -3.73E+D0
NpO20H (aged)_________ NpO20H (aged} 0.00000E+00  1.00C00E+D0 1.000 0.CO000E«GC  0.000Q0E+DD [, 0CG000E+00 -3 _13E+00
HCI (&) . .o nn s to.titrate.acid.only 0.000040E+00 0.00000E+00 1.000 0.G0000E+GD 0.0CCO0E~DD (.00000E«0Q -2.50E+02
pnH = -log[m{H+}] = 10.8825
pPH = -logla(E+)) = 10.2955
Osmotic Coefficient= 1.23%297
Equilibrium RH (%) = 77.869707
Ionic Strength (m) = 5.626852
Density, kg/m3 = 1188.74 .
NCOTES: - Water *molality" is mole fraction H20 in agquesus phase Cin \\\

- Gas *molality" and -activity‘ are gas partial pressurss

~ *Descriptor" means:
+AG/RT/1nl0 for species with nonzerc concs. (convergence criterion)
*Saturation Index for minerals, SI=1ogl0(IAP/Ksp)
*loglO(activity) for aqueocus species with very small concentrations -
*logldi{partial pressure) for gases

ot

Total G/RT= =4 . 653B4406E+03
Flashing Titraticn # 13
#* inversions for bacch pblm 22
l3enchmark TITRATE Problem, LOG1D option: Npi(V)02 with CO3 in 5.61lmolal KaCl FMT V2.0
DATABASE: HMWB4/FWS6; Np(V)-Na-CQ3-OH-Cl-ClO4 [NRS4};
95.01.31 Am(IIY}-Na-Cl-CO3-504-PO4 (FRSRES,FRF90, PS1, RFFR92,RFF94, RRFF34]
Pressures= 1.0000DE+00 {=] ATHM Temperatures 2.98E+02 [=) Kelvin
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Elemental Abundances foxr Flash Problem
Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
3.90785996E«01  1.11019115E+02  9.93994493E+01  1.00184705E+05 Hydrogen
3.69438430E+0L 5.5585153BE+01 4.97674088E+02 7.96248680E+05 Oxygen
5.,45034287E+00 5.61012129E+00 5.022%34553E+00 1.15476363E+05 Sodium
G.0000CR0QE+DD 0 .00000C00E+DO 0.0C000000E+00 0._000C0CODE+00 Potassium
0.00000C00E+DC  0.00000CO0E+0C 0. QGCOD0Q0E+CC  ©.0000000DE+00 Magmesium
0.00000COOE+DC  0.00000GDOE+CC  ©.0C00Q000E+CO  0.000000DQE+00 Calcium
1.95731591E+0C 5.56057489E+00 4.97858483E+00 1.7650576BE+05 Chlorine
0.0000C000E+0D 0. 00000000E+00 0.00000000E+00 0.000000D0E+0D Sulfur
3.48449515E+00 2.53082323E-02 2.265%3804E-02 2.7216181BE+02 Carbon
4,000000C0E~00 0.00000000E+QD 0.0000C000E+QD 0.000C000D0E+0) Poslon
0.D000CQ00E+D0 G.000000C0E+QD 0.00000000E+Q0 0.000C0000E+00 NegIon
0 .0000CCO0E+DC 0.00000C00E-C0 0.00000000E+QD 0.0000C000E+DG  Air
0.00006000E+0D 0.00000000E+0DQ 0.00000000E+00 0.00006800E+0C Boron
0.0000000QE+DC 0.0000C0O0E+CE 0.00000000E+CD 0.00000000E«00 Bromine
0.00000000E«00 0.000000C0E+00 0.00000000E+QQ 0.000D00000E+00 TracerEl
Q.H00CC0C0E+CD 0.000000C0E+00 0.00000000E+Q0 0.00000000E+00 Th(IV)
0.00006000E+00 .00000000E-CO 0. 000000CDE+Q0 0. 00000Q0QE+00  Am({III)
0.0000000Q0E+00 0.0000C0Q0E+Q0 0.000000COE+QD 0.0000CCO0E+QC UI(VI)
3.47561578E+00 8.26620364E-05 7.40103261E-C5 1.75440146E+01 HNp (V)
0.00000000E+C0  ©.00QDCOOOE~DC  0.000000GOE+0OC . 0000CCO0E~0C ClO4-(EL}
0.000800Q0E+RD 0.00000000E+00 4. 00080000E+Q0 4.06000000E+00 Phosphorus
G.000Q0000E+CC 0.0000CU0QE+DC 0.000C0000E+Q0 0.0C000000E+00 Electron
-1.25055944E-15 -3.53273740E-15 -3 ,18089495E-15 Q.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 467.335543420028 grams
H20 MASS 351.998839687459 grams
TDS{g/kg} 327.663306631854 g/ RgHR0
Specified Solution Density
DENSITY 1318B.705221976%1 kg/m~3 = g/l
Soluticn Parameters Based on Specified Density
SOLUTION VOL 0.3%3147043346010 licers
TDS 293.3168869726079 g/l
Density based on TDS and NaCl solutions 1188.70522197651 g/l
Percent relative error vs NaCl density 0.0000000C0000000E+000 %
TARLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity myg/liter Descriptor
H20 WATER §.32153E-01  7.7898SE-01 (0.9361 1.95390E+01  4,96989E«01  8.953I6E+05
NaNpO2C03 (s) NaNpO2C03 (8} 9.87386E+00  1.0000CE+00Q 1.000 3.47359E+00 8, 84042E+00  2.11224E+06
Na+ Na+ 5.61012E+00Q 5.27693E+00 0.9406 1.97476E+00C 5.02295E+00 1.15476E+05
<l- cl- 5.56057E+00 5.21732E+00 ¢.9383 1.95732E+0C 4.97858E+00 1.76506E+05
Co3= Co3= 2.3705BE-02 €.13801E-04 2.5892E-02 B.34440E-03 2.122462-02 1.27367E+D3
HCO3 - HCO3- 1.36956E-03 S.04583E-04 0.3684 4.82083E-04 1.22622E-03 7.4B201E+01
OH- CH- 3.82200E-04  2.085S52E-04  0.5457 1.34534E-04 3 .42198E-04  5.Bl986E+00 -1.17E-0%
NpO2 (003 ) 23~ NpO2 {003} 2=~ 1.48219E-05  3.93404E-10  2.6542E-05 5.21729E-06  1.32706E5-05 5.16313E+00 1.89E-05
NpO2 (C03) 3==~ NpL2{C0313==~ §.77047E-05 5.7B442E~14 8.5436E-10 2.38320E-0% 6.061B4E-05 2.,72222E+01 3.46E-0%
coz{ag) 02 (aq) 1.82542E-08 5.30275E-08 2.905 6.42544E-09 1.63436E-08 7.19279E-04 -6.B3E-0B
NpO2C03 -~ NpO2C03~ 1.34522E-07 2.43696E~0Q7 1.812 4.73516E-08 1.20442E-07 3.96323E-02 5.31E-12
NpO2+ KpC2+ 8.18985E-10 1.60121E-09 1.955 2.88282E-10  7.33267E-10 1.97283E-04 -1.64E-0%
NpO20H {ag) NpO20H {aq} 1.2892Q0E-10 1.28%920E-10 1.000 4.53797E-11 1.15427E-10 3.20183E-05 3.16E-08
H+ H+ %.80463E-12 3.76405E-11 3.839 1.45122E-12 8.77B44E-12 8.84779E-0% -3.32E-DE
NpO2 (0K} 2- NpO2 (OH) 2- 4.35852E-12 1.29676E-12  0.2975 1.53420E-12  3.90234E-12  1.1B265E-06 6.4BE-08
Na3H{C0312.2H20 Trona 0.00C00E+00  1.0000CE+00 1.000 0.0000CE+00  ,00000E+00  ¢.00000E+00  -3.51E+00
Ra2C03 K20 Thermonatrite 0.00C0HE+DQ 1.9000CE+00 1.000 J.000C0E+Q0 0_00000E«00 0. 00000E«00 ~2.38E+00
NaZCC3.7H20__ _Na2CO3-Heptahydrate 0.000HE+CD 1.00000E+Q0 1.000 0.00000E«00 0. 00000E+00 ¢ .0D00Q0E+QD -2.07E+00
Na2C03 . 10H20, Natron 0.00000E+00  1.0D0000E+0D 1.000 0.000COE+D0  0.C0CGOE+G0  O.DODOOE+00  -2.03E+00
NaHCC3 Mahcolite 0.000C0E+0D  1.00000E+DO 1.000 0.000DGE+D0  Q.00QDOE+R0  0.00000E+00 -2 ITE+0D
NaCl Halite 0.000CG0E+C0  1.00000E+00 1.000 0.00000E+0Q0  0.00CCOE+00  O._0000QE+Q00  -1.31E-01
NaINpO2 {CO3) 2 {s)_DISARLED DISABLED 0.000C0E+00 1.000Q0E+00 1.¢00 0.00000E+00Q 0.00COGE+0Q 0.00000E+DD) -9.30E+02
NaOH{ag)...... to.titrate base.only 0.00000E«00 0.00000E+CC 1.000 0.00000E+D0 0.00C0CE+0Q 0.00000E+~00 -2_.94E+02
NpO2CH (amor ) NpOZOH (amor ) 0.0000CE+D0  1.00000E+CO 1.000 0.00000E+0Q  0.00C0DE+0Q  0.00000E+D0  -3.76E+00
NpOR0H (aged) NpO2CH (aged) 0.00000E+00  1.00GQ0E+BG 1.000 0.00000E+00  0.00000E+00  0.00000E+00  -3.16E+00
KCl(ag)....... to.titrate.acid.only 0.0000CGE-QQ 0.GOCODE+GD 1.000 C.0000DE+0Q 0.00006E+00 0.Q0000E+00 -2.50E+D2
pH = -log(miH+}] = 11.0086
PH = -loglalH«)] = 10.4243
Osmotic Coefficient= 1.238276

Equilibrium RH (%) = 77.898521

Icnic Strength (m)
Density, kg/ml

NOTES :

5.63454%
1188.71

+ Water -molality" is mole fraction HZC in agueous phase
- Gas "molality" and “activity" are $as partial presgures

*Descriptor® means:

*aG/RT/Inl0 for species with nonzero concs.
*Saturation Index for minerals. 5I-loglC(IAP/Ksp)
*loglO{activity] for aqueous species with very small concentrations

*logll{partial pressure) for gases

{convergence criterion}
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"

Density, kg/ml = 11B8.66

NOTES: - Water ‘meolality* is mole fraction H20 in agquecus phase

- Gas "molality® and "activity" are gas partial pressures

- "Descriptor® means:
*dG/RT/1nl0 for species with nonzerc concs. {conwergence criterion!
*Saturation Index for minerals, SI=zloglD(IAP/Ksp}
*loglO(activity} for aquecus species with very small ceoncentrations

*loglOipartial pressure) for gases
Total G/RT= -4.67445693E+03
Flashing Titration ¥ 15
# inversgions for batch pblm 22

1Benchmark TITRATE Problem, LOG1O option; Np(V)02 with £03 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWB4/FWES; Np(V)-Na-CO3-0H-Cl-Cl04 (NR94}:
95.01.31 Am(III)-Na-Cl-CO3-S04-PO4 (FRSRE9,FRFS0, P91, RFFRI2, RFF94, RRFF94)

Pressures 1.00Q00E+00 [=] ATM Temperatrures 2.9BE+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total HMoles Ag. Molslity AgQ. Molarity Ag. mg/liter
3.95867206E+01 1.11019649E+02 9.94062599E+01 2.00191569E+05 Hydrogen
3.72253652E~C1 5.56624986E+01 4.983983315E+01 7.97407433E+05 Oxygen
5.47601956E+CO 5.61035435E+00 5.02347422E+00 1.15488517E+05 Sodium
0.0000C000E+00 0.00000000E+00 0.000CO000E+DD C¢.00000000E+0C Potassium
0.000Q0Q00E~DD 0.00000000E+00 0.00C0000DE+CO C.00000C00E+D0 Magmesium
0. 00000000E+QQ 0. C00000A0E+CO 0.CGD0Q00Q0E«00 0.00000CQQE+Q0 Calcium
1.56468480E+00 5.50989354E+00 4.53352227E+00 1.745081€5E+05 Chlorine
0.00000000E~DO CG.CCOO0DODE+CO 0.0QOCDO00E+D0 0.00000000E+00  Sulfur
3,49364905E+00 5.08618173E-02 4.55413352E~02 5.46936977E+02 Carbon
0.00000000E+00 0.00000000E+DD 0. G000000CE+DD 0.Q00000Q0E+00 PosIon
0.0000C000E+0D0 0.000000Q0E+DD 0.0000C00CE+CD C.00D00CROE+CD Neglon
0, 00000000E+00 0.00000Q000E+QC J.000C0D00E+DD 0.0000000CE+DC  Air
0.00000000E+00 0. 00000000E+00 0.0C0D0000E+DD 0.0000000CE+DG Boron
0.000000Q0E+DD 0.0CC00000E+0C 0.0C000000E+DD 0.00000000E+00 Bromine
0.00060000E+D0 0.00000000E«00 0.0000C000E~00 0.C¢0000000E+00 TracexEl
0.00000000E+0C 0.0QC0QQ0E+DC 0.00000000E+0D0 0.000C0000E4+00  Th(IV)
C¢.0000000CE+DD 0. CO0Q0000E+DD 0. 00000000E+00 0.00000C0Q0E+00 AMIIII)
©.0C000000E+DD C.00Q000000E+00 0.00000000E+00 0.0000C000E+00 UIVI)
3.4756157BE~0Q0Q 2.8810249BE~04 2.57965074E-04 6.11501564E+01 Np(V)
0.00000000E+0D0 0.Q000GC00E+Q0 0.00000000E+00 0.Q000C000E+CD ClO4-(EL}
0.0000000CE+D0 0.00000000E+00 ¢.00000000E+GD 0.00000000E+00 Phosphorus
0.00000000E-00 0.200000DCE+DD C.DD000000E+0O0Q 0.00000C00E+C0 Electron
-1.86320143E-15 -5,22528680E-15 -4.67868728E-15 0.00000000E+)Q Charge
Solution Farameters, Calculated
SOLUTION MASS 473.339684533635 grams
H20 MASS 356.574003417592 grams
TDStgsky) 327.465491025424 g/kgHZ0
Specified Solution Density " . g
DENSYITY 1188.60383111845 kg/m™3 = g/l 1 “ T
3 N E
Solution Parameters Based on Specified Density \-l_ A _,‘"
SOLUTION VOL 0_3982316866549681 liters =
DS 293.210437350984 g/1 -
Density based on TDS and NaCl solutions 1188.60383111845 g/l
Percent relative error vs MaCl density 0.000000000000000E+000 %
TABLE QF CONCENTRATIONS FOR BATCH SYSTEM ,
Species Name Molalicy Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER B.32465E-01 7.79962E-01 0.936% 1.97930E+01 4.97021E+01 8. 95393E+05
NaNpO2CO3 (8] NaNp02C03 {s) 9.T4636E+Q0 1.00000E+00 1.000 3.47551E+00 R.72736E+00 J.07243E+06
Na+ Na+ 5.61C35E400 5.26665E+00 4.9387 2,0D051E+00 5.02347B+00 1.15489E+05
cl- cl- 5.50989E+00 5.138B4E+00 0.5327 1,96468E+00 4.93352E+Q0Q 1_7490BE+CS
Col= CO3= 4.83971E-02 1.24BC7E-02 2.578BE-02 1.72572E-0Q2 4.33344E-02 2, G0D46E+03
HCO3- HCO3- 1.63010E-03 5.%7114E-04 0.3663 5.81251E-04 . 1.45958E-03 . 905%3E+01
QE~ CH~- 6€.55397E-04 3.58792E-04 0.5474 2.33659BE-04 5.B6839E-04 5.980548+00 -1.54E-09
NpO2 {CC3} 2=~ RpC2 (CO3)2=- 2.942Q9E-05 B8.G1487E-10 2.7242E-05 1.04507E-05 2.63433E-05 1.02493E+01 3.68E-10
NpO2{C0J) o=~ NpOZ (€03} 3==- 2.58546E-04 2_39623E-13 9_26E1lE-10 9.21906E-05 2.31500E-(4 1.03%61E+02 2.18E-09
Np02803 - NpQ2C0O3- 1.35468E-07 2.44172E-07 1.802 4.83043E-08 1.212972-07 3.9%135E-02 §.09E-12
co2i{ag) CO2 (aq) 1.25492E-08 3.64751E-08 2.907 4.47472E-09 1.12365%-08 4.94515E-04 -B_6TE-C8
NpO2+ NpO2+ 4.11022E-10 7.89015E-10¢ 1.920 1.46560E-10 3.88027E-10 9.%C0165E-05 =-1.07E-09
NpO20H{ag) NpO2CH {aq} 1.09291E-10 1.0%291E-10 1.000 3.89705E-11 §.78589E-11 2,79929E-0% 3.69E-08
H+ H+ 5.83272E-12 2.19064E-11 3.7586 2.07980E-12 5.22258E-12 5.26384E-09 ~3.BDE-08
NpO2 (OH) 2- NpO2 (OH) 2~ 6_3B345E-12 1.89128E-12 G.2960 2.27B31E-12 5.72107E-12 1.73384E-06 7,.50E-08
Na3E(CO3)2.2KH20 Trona 0.00C00E+00 1.00000E+CO 1.000 0.80000E~00 C¢.00000E+DC 0.00000E+00 =3.13E+00
Na2C0Z3 . H20, Thermonatrite 0.C0CCIE+QQ 1.00000E+00 1.000 0.00000E+0D 0.00000E+DQ 0.00000E+Q0 ~2.05E+00
Na2CO3.7TH2O____Na2CQ3-Heptahydrate 0.0C00DE+00 1.00000E+D0 1,600 0.Q0000E+00 0.00000E+00 0.00000E«00 -1.76E+00
Na2C03 . 10H20 Natron 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0.00000E+0Q 0. 00000E~0CD ~1.72E+00
NaHCO3 Nahcolite ©.00000E+00 1.0000CE+00 1.000 £ .00000E+D0 0.00000E«QQ 0.00Q00E+CD -2.10E+00
NaCl Halite C.00000E+D0 1.0C0C0E+QD 1.000 0.00000E+DO 0.00000E+Q0 0.00000E+CD -1.38e-01
Na3NpO2 (C03)2(s)_DISABLED_DISABLED 0.0000Q0E+00 1.CC0COE-00 1.000 0.00000E+00 0.0CDDOE+OQ 0.00000E+00 =9.30E+02
NaCH(ag}...... to.titrate.base.only 0.00000E+00 0. 00C00E+00 1.000 0.00Q00E+CC 0.0C000E+Q0Q 0.0000GE+D0 -2.83E+02
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT™
* NPGROH(amor|____ NpO2CH{amor) 0.00000E+D0  1.00000E+00  1.000 0.CC000E+D0  0.0Q00DE+D0  ©.CO0D0E«00  -3.83E+00
NpO20K (aged) . NpO2OH{aged) 0.00000E+00  1.D0000E+00  1.000 0.00000E+00  0.000COE+00  0.0000GE+00  -3.23E+00
HCl(agl....... to.titrate acid.only 0.C000GE+BD 0. 90000E+00 1.000 0. 0D0QCE+00 0.00000E«00 0. 000DOE0D -2.508+02
pH = -logimiH+}} . = 11.2341
pH = -log{alH+)] = 10.6594
Osmotic Coefficient= 1.234823 ,

Equilibrium RH (%) = 77.996177
Ionic Strength (m) = 5.661425
Density., kg/smd = 1188.60

NOTES: - Water "molality" is mole fraction H20 in agueous phase
" - Gas -molality® and *activity- are gas partial pressures
- *Descriptor" MEans;
*3G/RT/1nld for species with nhonzero concs. [convergsnce criterion}
*Saturation Index for minerals, SIvlogl0(IAP/Ksp)
*loglO(activity} for agueous species with very small concentraticns
*loglC(partial pressure] for gases

Toral G/RT=  -4.68179003E+03
TITRATE file name is Ul:[SCBARE.FMT.USERGUIDE]NP_NACL_BM_LOG.TITRATE:1
MOLES  file name is Ul:[SCBAES.FMT.USERGUIDE]NP_NACL_BEM_LOG.MOLES:1
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Appendix O: Sample Output File “Np_NaCi_BM_LIN.OUT"

Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

| - See Table 27 for explanation of this listing. ' i

MNPUT file name is Ul:[SCEBABB.FMT.USERGUIDE)NP_NACL_BM_LIN.IN:1

file name is Ul:!SCBABE.FMT USERGUIDE]NP_NACL_EM_LIN.INGUESS;l

» OUTPUT £ile name is Ul:{SCBABB.FMT.USERGUIDE]NP_NACL BM LIN.OUT:Z

< CHEMDAT f£file name is Ul: [SCBABB.FMT.USERGUIDE] FMT_HMW_NP_AM.CHEMDAT:1

. Temperature is Hard Coded as 25B8.15K

I Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CC3 in 5.6lmolal NaCl FMT V2.0
° DWTABASE: HMWE4/FW86: Np(V)-Na-CO3-OH-CL-ClO4 (NR94);

¥ 95.01.31 Am{III)-Na-Cl-CD3-S04-PC4 (FRSRES,FRF90, P91, RFFRIZ, RFF34, RRFFI4)

X
14

D R T T T

“: **+ ECHO PRINT OF "CHEMDAT" FILE WOULD BE HERE ***
roees SEE APPENDIX J e

Bl L i h Rl T T L R U U

TITRATION Problem:

=) Assigning all deltaly) €t 0.1 m

-} Setting # of nodes in Y-direstion te 3
-} Setting NONREACTIVE Perosity te 0.0

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density is a Funcrtion of Composition
RHOMIN file name is Ul: [5SCBABB.FMT.USERGUIDE] FMT_HEMW_NFP_AM.RHOMIN;1

B L L L L L T T e T T S S

*** TABLE OF MINERAL DENSITIES, KG/M*3 WOULD BE HERE ™~
- SEE APPENDIX L Al

D R L L e L R L L X LT Y e

GRID BLOCK VOLUMES., in litexrs
1.00E+00 1,00E«00 1.00E+D0 1.C0E«00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.0CE+00 1.008+00 1.00E+00 1.00E+DO
1.00E+0C 1.00E~D0

1.00E+0C 1.00E+00 1.00E+«00 1,00E+00C 1.00E+D0 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.GOE+00 1.D0E+0D
1.00E+00 1.0DE+00

"

.00E+00 1.00E+00 1.00E+C0 1.00E+00 1.00E«D0 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
00E+00  1.00E+0C

In

4 inversions for Datch pblm se
1Benchmark TITRATE Problem, LINEAR option; Np(VIO2 with COJ in 5.6lmolal NaCl FMT VZ.0
DATABASE: HMWB4/FWBS; Npl{V)-Na-CO3-0H-C1-Clo4 (NRS4):
§5.01.31 Am{III)-Na-Cl-CO3-S04-PO4 (FRSR8Z,FRF3C, P31 RFFR32.RFF94,RRFF24)
Pressurea 1.00060E+00 [=] ATH Temperatures 2.98E+02 i=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molality Ag. Molarity Ag. mg/liter

1.11017363E+02 1,11029658E«02 1.00100314E+C2 1.00891107E+0S5 Hydrogen ,";
6.15086815E+01 6.15154934E+01 5.54601388E+01 8.87328944E+05 Oxygen fd
5.61000000E+0C 5.61062129E+00 5.05833276E+00 1.16289907E+05 Sedium .
C¢.00000000E+DD 0.00000000E+00 0.0CC00000E+0C 0.0GDO00COE+00 Potassium B
0.00000000E+00 .00000000E+0C  0.0COQQ000E+D0 0.0C000000E+00 HMagmesium B
0.00900000E+G0 0 .00000000E+00 0.0C00G000E+DD 0.00000000E+00 Calcium 3 : - ' r‘
1.61000000E+00 1.61017830E+00 1.4516783BE~QD 5.145663538E+04 Chlorine N . ;
0.00000000E+00  0.00C00000E+00  0.00C00DCOE+C0  0.90000000E+00 Sulfur . )
2.00000001E+0C 2.00022150E+00 1.80332719E+00 2.16597629E+D4 Carbon . L ’
C.00000000E+0C  Q,00000000E+00  0.000000C0E+C0  0.00000CO0E+0C FPoslon .
C.000000D0OE+DD 0.000D000DE+RD 4.00000080E+CD 0.00000000E+00 Neglon
©.00000000E+0D Q.DOOUDDOCE+D0 0.0C009000E~DQ C.0000DNGRE+QD  Air
©.00000000E+00 Q.00000000E+DC 0.0C000000E+CO 0.0C0000QCE+QD Boron
0 .00000COCE+DD 0.000C0000E+S0 0.000CB000E+0Q0 0.0000000CE+00 Bromine
0 .00000000E+D0 Q.00000000Z+00 0.000000C0E+CD 0.900000Q0E+00 TracerEl
0.00000000E+0D 0, 00000000E+00 0.00000000E+CD 0.0000C000E+DC TR({IV)
Q.00000000E+00 0.00000000E+00 0.0CO0Q0000E+DQ 0.0G0O00CUE+Q0  Am(III)
0.00000CC0E~00 0.0000000CE+0Q0D 0.0C000000E~QD 0.00000060E+00  U(VI}
0.000000)8E+DO 0.0000000CE+Q0 0.06000000E+00 0.00000000E«0D  Np(V}
0.00000COCE+DD 0.0000000CE+Q0 0.00CO0Q000E+DD 0.00000000E+00  ClO4-(EL)
0.000000COE+0D 0.00000000E+CO 0.00000000E+CD 0.00000000E+00 Phosphorus
0.0000CGCCCE+0D 0.00000000E+0C 4.00000000E+CO 0.000CC000E+DC Electron

-2 .22044605E«15 ~2.22069196E-15 -2.00209536E-15 0.00000000E+0C Charge

Solution Parameters, Calculated
SOLUTION MASS 1306.07033909830 grams
K20 MASS 99%.889265717486 grams
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Appendix O: Sample Qutput File “Np_NaCl_BM_LIN.OUT”
TDS g/kg) 306.214981877726 & /kgH20
Specified Solution Density
DENSITY 1177.63607439302 kg/m~d = g/l
Sslution Parameters Based on Specified Density
SOLUTION VOL 1.310906106219560 liters
TDS 276.072326670473 g/l
Density based on TPS and NaCl solutions 1177.63607439302 grl

Percent relative error vs NaCl densicy C.00000000000000DE+Q0Q0 %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Spacies Name Molality Activity Act Coef Total Moles Molarity my/liter Descriptor
H20 WATER 8.57464E-01 £.59843E-01 1.003 5.55025E-C1 5.,00446E+01 9.01564E+05
Na+ Na+ 5.61062E+00 3.69B81E+00 0.6593 5.61000E+00 5.05833E+00 1.16250E+05
CO3= Cco3= 1.99407E+00 4.09214E-0C2 2.0522E-02 1.99385E+00 1.79778E+00 1.078B4AE~+D5
Cl- c1- 1.61018E+00 1.06477E+CQ 0.6613 1.61000E+00 1.45168E+00 5.14664E+04
HCO3- HCO3- 6.14734E~03 1.59044E-03 0.2587 §.146686E-03 5.54222E-03 3.38170E+02
QH- OH- 6.14733E-03 4.86901E-G3 0.7321 6.14655E-03 5.54221E-03 9.42580E+01 2.00E-11
Q02 (ag} CO2 (ag) 2.36B76E-09 7.15913E~09 3.022 2.36850E-09 2.13559E-0% 9.1386BE-05 ~2.12E-07
H+ H+ 2.39954E-12 1.77959E~12 0.7416 2.39927E-12 2.16334E-12 2.18043E-09 ~8.58E-08
NalH(CQ3)2.2H2Q, Trona 0.0000CE+0O 1.00C00E+00 1.0400 0.00000E+00 0.00000E«DD 0.00000E+DOD ~1.57E+00
HCliag)....... to.titrate.acid,only 0.0000GE+Q0 0,00C00E+CC 1.000 0.00CO0E~QQ 0 .000DDE+CD 0.00Q00E+DO ~2.52E+02
NaCH(ag!)...... to.titrate.base.only 0.00000E+0Q 0.00CDOE+DOC 1.000 0,00000E+Q0 0.00000E+Q0D 0.00000E+0C ~2,92E+02
NaCl Halite 0.0CO00E+QC 1.00000E+00 1.000 CG.CO000E+CO 0.0C00DE+DD 0. 00000E+Q0 ~9.75E-01
NaHCO3 Nahcolite {0.00600E+0C 1.00000E+00 1.000 0. C00000EF0D 0.000C0E+DD 0.0000CE+CO ~1.83E+0QC
Na2C03 | TH20 Na2CCl-Heptahydrate 0.0CCOOE+QC 1.00000E+Q0 1.000 0. C0Q00E+CD 0.0CCCOE+DD 0.00000E+Q0 ~2.51E-01
NaZCo3 . K20 Thermenatrite 0.000C0E+D0 1.00000E+00 1.000 0.C0000E+00 0.D000CE+OD 0. 00000E+00 ~7.99E-01
Na2C03, 10H20 Natron 0.00000E+00 1.00000E+00 1.000 0.C0Q00E+00 0.00000E+G0 C.DOD0CE+DD ~8.30E-02
pmH = -logi{m(H+}] * 11.6199
pH = -log[a{H+]] = 11.7497
Damoric Coefficients 0.90841%
Equilikxium RH {%} = 85.984284
Icnic Strength {m} = 7.604695
Density, kg/m3 = 1177.64
NOTES: - water “molality® is mole fraction H20 in aguecus phase
- Gas “molality" angd "activity- are gas parcial pressures
~ "DeSCriptor”™ means:

*dG/RT/1nl0 for species with nonzerc concs. (convergence criterion!

“Saturation Index for minerals, S5I=loglQ{IAF/Ksp}

+*loglO(activity! for aquecus species with very small concentrations

*logl0(parrial pressure) for gases
Total G/RT= ~6.421337T6E~02 )
Reacticn # 1 sldsum 2.00200000000000 ) “~‘

This is a solid-only reaction

shifting left by 4.64434654478256

calling makenuv for allomorphic reactiocns

4L ¥ inversions for batch pblm 75

‘Y 1Benchmiark TITRATE Problem, LINEAR ¢ption: Np(V)02 with €03 in 5.6lmolal NaCl FMT V2.0

: DATABASE: HMWS4/FWBG; Np(V)-Ha-CO3-0H-CL-ClD4 (NR94); : .

95.01.31 Am{ITI)-Na~C}-CO3I~S04-PO4 {FRSRBS, FRFIO, PI1,RFFRIZ, RFFI4, RREFS4} R
Pressure= 1.00000E+D0 (=] ATM Temperature= 2.98BE+02 [=] Kelvin

Elemental Abundances for Flash Problem

Tety]l Moles Ag. Molalicy Ag. Molarity AQ. mg/liter

1.11018363E+02 1.11017591E+02 9.33B38868E+01 1.00169020E+05 Hydrogen
1.055086B2E+02 5.55113597E+01 4.369423892+01 7.9507E006E+05 Oxygen
1.58100000E+0L 5.61057382E+00 5.02263316E+00 1.15469181E+05 Sodium
©.000000C0E+D0  ©.00Q00000E+Q0 0.00000000E+00 0.00009000E+00 Potassium
0. JG000000E+GD 3.0000C000E+OC ¢.G0000000E+G0  0.GO0000GUE+C0 Magnesium
0.00GD00000E+CD 0.00QCC000E+CC ©.000000COE+DC 0.090000C0E+00 Calcium
5.61100000E+00 S.61036098E+0O0C 5.02297975E+00 1.78079701E+05 Chlerine
0.000006D0E+G0 0.00000000E+D0 0.00C00000E+O0 0.000C00C0E+0Q Sulfur
2.00000C00E+OL 6.12835261E-04 5.4B861B892E-04 €6.58946152E+00 <Carbon
Q.00000GO0E+0D 0.00000000E+OD 0.00C0G0000E+CD 0.0000C000E+00 PosIon
0. 00000C0IE-00 0.00000000E+00Q 0.00000000E+GO 0.Q0000000E+00 NeglIon
0.00000000E+00 0.0000CC00E+00 0.00000000E+D0 0.0000000CE+QD  Air
0.00G000000E+00 0. 000QCCOOE+OD 0.0000000CE+Q0O 0.0000000CE+O0  Boron
9. 0G00000QE+00 0.0000CCCOE+O0 0.00000000E+00 0.00000000E+00 Bromine
0.0G00DCCOE~DO 0.00000000E00 0.000QC00QE+0C ¢.00000C00E+0C TracerEl
0.0Q000D00E-00 0.C000Q000E+D0 0.00000000E+DO 0.000000Q00E+00 Th{IV)
0.00000C00E+00 0.00000000E+00 0.000C0000E+00 0.00000000E+00 Am(III)
0.00000000E+00 0.00000000E+00 0.00GD0O0QE+QD 8.00C00000E+00 U{VI)
1.0Q0000005+01 §.1283%281E-04 5.48618892E-04 1.30048121E+02 Np(V)
0.000G0000E-00 0.00000000E+00 0.C0000000E~D0 0.00000D00E+00  ClO4- (EL)
0.00000000E+00D @.0000CCO0E+D0 0.00000000E+CO 0.0000C0Q0E+0C Phosphorus
0.00C00000E+DG 0.00000C0DE+00 0.00000Q00E+0C0 0.0C00D000E+Q0 Electron
N -2.37316632E-15 -2.373149B1E-15 -2.12446380E-15 0.00000C00E+0C Charge
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

Solution Parameters, Calculated

SOLUTICN MASS 1328.11614865142 grams
HZO MASS 1000.00695466819 grams
TD5(g/kgl 328.106912108529 g/kgB20
specified Solution Density
DENSITY 1188.93254605477 kg/m~3 = g/1
Sclurion Parsmeters Based on Specified Density
SOLUTION VOL 1.11706602116201 liters
TDS 293.724084134187 grl
Densjty based on TDS and NaCl sclurions 1188.93254605477 grl

Percent relative error vs NaCl density 0.000C000000C000CE+DRC %

TABELE (F CONCENTRATIONS FCR BATCH SYSTEM

Species Name Molality Activity At Coef Total Moles  Molarity mg/liter pescriptor
H2Z0 WATER §.31822e-01 7.77959E-01 0.%3152 5.55091E+01 4.9691BE+0L 8.95208E+05
NaNpO2¢02(s) . NaNp02C03({s) 9.99332E+00  1.00000E+00 1.000 9.39939E+00  B,95147E«00  3,15133E+06
c1- cl- 5.61096E+C0 5.29329E+00 0.9434 5.61100E+00 5.0229BE+00 1.78CBOE+0S
Na+ Na+ 5.61057E+00 5.29268E+00 0.9433 5_61061E+00 5.02263E+00 1.15469E+05
NpO2+ NpO2+ 6, 2705E-04 1.21978E-03 1.991 6.12709E-04 5.48499E-04 1.47572E+02
c02(ag) co2 tag} 3.86103E~04  2.12115E-03 2.904 3 . BE1OGE-04  3.45643E=Dd4  1.52117E+0)
HCO3 = HCO3 - 2.26571E-04 8.38810E-05 0.3702 2.26573E-04 2.02829E-04 1.23760E+01 4.26E-0%
NpO2CO3- NpQ2C03- 1.33526E-07  2.42971E-07 1.820 1.33827E-07 1.19534E-07 3.93334E-02  -1.99E-11
H+ H+ 1.21872E-06 4.78035E-08 3.923 1.21873E-06 1.09101E-06 1.09962E-03 -4 ,38E-08
o3 Ccol= 31.09384E-08 §.03342E~10 2.5966E~02 3.03386E-08 2.76963E-08 1.66203E-03 -1.62E-07
OH- CH- 3.01685E-09 1.63977E~09 0.5435% 3.01E687E-09 2.70071E-09 4.5%318E-05 2.55E-08
NpO2OH taq) NpOZOH (&g} 7.72186E-10 7.72188E-10 1.000 7.721%1E-108 6.91267E~-10 1.97740E-04 1.87E-07
NpO2(CO3)2=- NpO2 (CO3)2=- 1.98384E-11 5.13354E-16 2.5877E-0S 1.98385E-11 1.77585E-11 6._90%60E-06 -1.62E-07
NpO2Z (OH) 2- NpOZ (OH) 2- 2.04382E-16 6.10703E-17 9.2588 2.04383E-26 1.B82864E-16 5.54494E-11 2.13E-07
NpO2 (03 ) 3==- NpO2 {C03) I==~ 1.25197E-16 9.87896E-26 7.8908E-10 1.25198E-16 1.12077E-16 5.0331CE-11 -3.23E-07
NpO20QH (aged) NpOZOH (aged}) 0.CG0000E+QQ 1.00000E+00 1.000 Q.00000E«00 0.00000E«D0O 0,00000E+CO -2.38E-0D
NaOH(ag) .. .... to.titrate.base.only 0.0CCO00E+DC 0.00CQ0E+QD 1.000 0.00000E+DD G.00000E~DO 0.000C0OE+CD -2.99E+02
HCl{ag}....... to.titrate.acid.cnly 0.CCCCOE~QO 0.00000E+0D 1.000 Q0.00000E+00C 0.C0000E~00 0.00000E+00 -2.45E+02
Nal3NpO2 (C03)2(s)_DISABLED DISABLED 0.CCCOOE+D0 1.00000E+00 1,000 0.00000E+C0 ¢.CC00QE+0D 0.00000E+00 «5 3SE+02
NaCcl Halite 0. C00COE+DC 1.000C0E+Q0 1.000 0.000Q0E+CGC C.0CQ00E+0Q 0.00000E+00 -1.23E-01
NaHCDO3 Nahcolite 0.00C00E+DO 1.00000E+0D 1.000 0.00000E+GC 0.00C0CE+0QD 0.00000E+00 -2,95E-00
Na2e03 . 10H20 Natrcn Q.00000E+D0 1.00C00E+0D 1.c000 0.00000E+G0 0.00CUOVE+0O 0.00000E+D0 ~7.91E+00
Na2C03 . TH20. Na2C03-Heptahydrate J.00000E+00 1.00CCOE+CD 1.c000 0.00000E+0D 0.0CCO0E+DQ Q.00000E+DD -7.95E+00
Na2003 H20, Thermonatrite 0.0CCCOE+DO 1.00GC0E+DD - 1.000 £.00000E+CC CG.0GCO0E+0D 0.00000E+00 «~B.Z4E+00
NaJH(C0O3)2.2H20, Trona J.00CCOE+O0 1.00000E«QD 1.000 0.00000E+D0 0.CC000E+D0 0., 00000E+00 -1.02E+01
NpO20K (amar) NpO20H (amoz) 0.00C00E«Q0 1.00000E+00 1.000 0.00000E+CO 0.CCOODE»0D J.00000E+00C -2,98E+00
poH = -log[m(dH+)] = 5.9141
pH = ~logla(E+}] = S.3205
Osmotic Coefficients 1.241871
Equilibrium R (%) =  77.783863
Ionic Strength (m} = 5.611188
Density, kg/md = 1188.53
NCTES: - Water "solality" is mole fraction H20 in agqueous phase
-~ Gas *malality” and *activity' are gas partial pressures
- "Descxiptéor”™ means:

“3G/RT/1nl0 for species with nenzero congs. (convergence criterion:

*Saturation Index for minerals, SI=zloglO{IAFP/Ksp)

*logll(activity) for aqueous species with very small concentrations

*loglU{partial pressure] for gases
Total G/RT= -1.333230B4E+04 LT 7‘:2'*\
Flashing Titraticn # 1 o V:L\
¥ inversions for batch pblm 11 . . - ‘\;\\

1Benchmark TITRATE Problem, LTNEAR cption; Np(V102 with €03 in 5.6imolal NaCl FMT V2.0
{ DATABASE: HMWB4/FWS6; Np(V}i=Na-CO3-OH-CL-Clod4 (NRI4};
95.01.31 Am{ITI}-Na-CL-CO3-S04-PO4 (FRSR89, FRFI0,PF1, RFFRIZ, RFF94, RRFFHd)

Pressure= 1.00000E+00 =] ATM Terperature= 2,98E+02 [=] Xelvin

Elemental Abundances for Flash Problem

Total Moleg Aqg. Molality Ag. Molarity Ag. mg/liter
3.85857174E+01 1.11017591E+02 9.93BI8BE8E+DL 1.00169020E+05% Hydzogen
3.6670763BE+DL 5.55113597E+01 §.96942389E+01 7.95078006E+05 Oxygen
5.42543623E+00 5.61057382E+00 5.02263316E+00 1.15469181E+05 Sodium
0.00000000E+00 Q.00000000E+DO 0.00000Q000E+00 0.00000000E+00 Potassium
0.30000000E-00 0.0000C000E+00 0.00000000E+00 C.00000000E+00 Magnesium
©.00000000E+0C  O.0000CD00E+Q0  0.QG000000E+00D C.000CO0CCE+OD Calcium
1.95016801E+00 S.6109609BE+00 5.02297S75E+D0 1.7807%701E+05 Chlorine
0.00000000E~Q0 Q,00000000E~QC 0.00000000E-0D 0.00000000E+00 Sulfur
31.47561578E+00D 6.12835280E-04 5.4861BR92E-04 5 _58%46151E+00 Carbon
0.000000CCE+DQD 0.00000000E+00 C.000000G0E+00 0.00000000E+00 PosIon
¢.00p00000E+D0  0.00000ODCE+O0  (.000000C0E+00  0.00000000E+00 Neglon
0.00000CCOE~DD 0.00000G0UE+00 9.0000Q0000E+00 0.000000C0E+(C  Air
¢.00000000E+00 0.00Q00000E+QD 4.00000Q000E+00 0.0C00Q0D0E+QC Boron

C. 0G000Q0QE+QD 0.00000000E+DC 0.00000000E+BD 0.00000000E+0C Bromine
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Appendix O: Sample Output File “Np_NaCI_BM_LIN.QUT”

0.00GC0D00EQ0 0.0000C000E~0D0 0.00000C0CE-0O0 0.00000000E+C0 TracerEl
0.00000000E+00 Q. 00GOCO00E+D0 0.0C000CRDE«DD 4.00000000E+C0 Th{IV}
0.00800000E+CD 0.00000000E+0D 0.00000000E+CO 0.00000000E+00 AM(III)
0.0000CO00E+CD 0 .00C0G000E+QD 0,000CC000E+00 0.Q0000000E400 (V)
31.47561578E+00 6.12839260E-04 5.458618892E-04 1.30049121E+02 Np(V)
0.00000000E+00 0.00000D000E«0OC 0. G00000Q0E+GO 0.00000000E+0D0 ClO4-({EL)
0.00000000E+0C  0.00000CCCE+OD  0.00C00000E+00 0.00000000E+0C Phosphorus
0.000800805+08  D.D00DODOCE+DD  0.0D0O00DDE+DD  0.000DD0DDE+OC Electron
-6.94525850E-16 -1.9%9B826754E-15 -1.78886601E-15 0.00000000E+Q0 Charge

Solutisn Parameters, Calculated

SQLUTICN MASS 461.602144251012 grams

H20 MASS 347.5629595068%56 grams

TOS (g/kg) 328.106912108175 g/ kgH2C

Specified Scolution Density
DENSITY 1188.93254605459 kg/m~3 = g/1

Solution Parameters Based on Specified Density

SOLUTICN VOL 0.388249228926247 liters
TDS 233.724084133903 g/l
Density based on TDS and Nafl solutions 1188.93254603459 gri

Parcent relative error vs NaCl density D.CQ0000C000000CDE-DD0 &

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Moles Molarity ng/liter Descriptor
H20 WATER 8.31822E-01 7.77959E~-01 0.9352 1.92928E+01 4.96%18E+01 B.95208E+CS
NaNpO2CO3{s)_____ NaNp{2CQ3(s) 9.%95932E+00 1.00000E+00 l.o000 3.47540E+00 B.95147E+CC 3.15133E+D6

Cl- cl- 5.610968E+00 5.25323E+00 0.9434 1.95017E+00 5.D0229BE+00 1.7B8080E+0S

Na+ Ha+ 5.61057E+00 5,2926RE+0C 0.9433 1,95003E+00 5.02263E+00 1.15469E+05

NpO2+ NpO2+ 6.12705E-04 1.2197BE-D3 1.991 2.12554E-04 5.48499E-04 1,47572E+02

coz{ag) COZ lag) 3.86103E-04 1.12115E-03 2.504 1.34196E-04 3.45643E-04 L.52117E+01

HCG3 - HCQ3- 2.26571E-04 &8.318B10E-05 0.3702 7.87481E-05 2.02829E-04 L.23760E+01 -6.17E-15
H+ H+ 1.Z1872E-08 4. 7B095E-06 3.923 4. 23582E-07 1.09101E-08 L. 09962E-03 6.17E-15
NpD2003 - NpO2CO3 - 1.33526E-07 2.42871E-07 1.820 4.64030E-08 1.19534E~07 3.93334E-02 1.85E-14
Co3= o= 3.093B4E-08 8.03343E-10 2.5966E-02 1.07531E-08 2.76963E-08 L. 66203E-03 0.COE+Q0
QH- OH- 1.01685E-0% 1.63%77E-C9 0.54335 1.04855E-09 2.70071E-09 4. 5931BE-05 -6.17E-15
NpO20H {aq! NpC20H (ag) T.721BEE-10 7.72186E-10 1.000 2.6E3B4E-10 6.91267E-10 L.97740E~04 0.CDE+00
NpO2 (003 ) 2=- NpO2(CO3)2=- 1.58384E-11 5_13355E-16 2.5877E-05 6.85%511E.12 1.77595E-11 4 _90960E-06 0.C0E+QD
NpO2 (OH) 2~ NpO2 (OH) 2= 2.043B1E-16€ 6.L0703E-17 0.2988 7.10356E-17 1.82964E-16 3.54494E-11 1.23E-14
NpO2 (C03)3==- NpQ2 (C03) 325 1.25197E-16 9.87B37E-26 7.8908E-10 4.35139E-17 1.12077E-16 3.03310E-11 -3.53E-10
HCliag)....-.. to.titrate.acid.only 0.0CO00E+0C 0.00G00E+DO 1.o0e00 0.0000CE+D0 0.00000E+CC 3, 000D0OE+CO ~2.45E+02
NpOZOH ( aged) NpO20H (aged) 0.0000DE+00 1.00000E~00 1.000 0.00000E+«00 0.CC000E+DO ). 000CO0E+00 -2_3BE+00
NpOZOH{amor} o NDO2OH lamer ) D.0DUDDE+OD 1.00000E+DC 1.000 0.0000C0E+Q0D 0. DOOVUE+OD 1. Q0D00E+D0 ~2.98E+00
NaoH(ag).....- to.titrate. base.only 0.00000E+00 0. G00DOE+0D 1.000 0.00000E+00 0.000D0E~00 3. 000COE+DD -2.99E+02
NadNpC2z {C03)2{s)_DISARLED DISABLED 0.00000E+C0 1.CO00DE+CO 1.000 0.00000E+DD 0.Q000CE+DD 1.0000CE+D0 ~5.36E+02
NaCl Halite 0.GO000E+GOQ 1.C0000E+DD 1.000 0.00000E+00 0.00000E+00 J._0DOOGE+00 -1.23E-0%
NaHCo2 Kaheolite 0.CO0QDE+QD  1.0QCQU0E+CO 1.000 0.0C0OCE+D0  0.00000E+00 1.00000E+00  -2.95E+00
Na2C03 . 10H20, — Natron 0.00000E+CD 1.00000E+CD 1.000 0.0C000E+00 0.0000E+CD 1. 00000E+00 =7.91E+00
Na2¢03 . TH20___ Na2CO3-Heptahydrate 0.CQ0Q0E+LD 1.0CO000E+CC i.000 0.00C00E+QD 0.00000E+CD J.00000E+GD -7 .95E+00
Na2C03.H20, Thermonatzite 0.C0000E+00 1.0C000E+0C 1.c000 0.000C0E+00 0.00000E+0D ).00000E+GO -B.24E+00
Na3H(CO3)2.2H20 Trona 0.00000E+00 1.00000E+0C 1.000 0.00000E+D0 0.00000E+00 J.00000E+00 -1.02E+01
o = -log[mil+)} = 5.9142

DH = -logla(H+}] = 5.320%

Osmoric Coefficient= 1.241871

Bquilibrium RH {&%) = 77.795863

Ionic Strength (m} = 5,611188

Density, kg/md z 1188.93

NOTES: - Water "melality® is mole fracticn H20 in aguecus phase

- Gas *molality~ and “activity" are gas partial pressures

- -Descriptor® means:
*dG/RT/1nl0 for species wirh nonzere concs. (convergence criterionl
=Sacuration Index for minerals., 5I=zlogl0(IAP/Ksp!
*loglC{activity) for aqueous species with very small concentrations
*logl0{partial pressure) for gases

Total G/RT= -4.63379B13E+03

B L L L L L T T T T R R L e s e

T4+ SUMMARY INFCRMATION FOR ADDITION OF DV(2}...DW{14) WOULD BE EERE ***

F T e S L L e L R L T

Flashing Titration # 15
# inversions for batch pblm 23
1Benchmark TITRATE Problem, LINEAR option: Np(VIO2 with £03 in 5.6lmolal NaCl ¥MT V2.0
DATABASE: HMWS4/FW86; Np(V)-Na-CO3-CH-C1-ClOd (NRS4};
95.01.31 Am(IIT)-Ka-Cl-C03-504~-PO4 (FRSREY, FRF90, P91, RFFR92,RFF34, RRFFH4)
Fressures 1.00000E+QQ [=] ATM Temperatures= 2.9BE+02 [=] Kelvin

Elemental Abundances for Flash Problem

Teral Moles AJ. Molality Ag. Melarity Ag. my/fliter
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Appendix O: Sampie Output File “Np_NaCI_BM_LIN.OUT”

.939373T1E+01
.37159013E«01
L02259034E+00
. 00000000E«00
.00000C0DE+0D
.00000000E+CY
.01051495E+00

.B7258579E+01 1.11018601E+02
L6T4B40B0E+OL 5.55305552E+01
.431251790E+00 5.63002101E+00
.00000000E+00 0.00000CCIE+D0
. 00000000E+00 0.00000000E+Q0
- 00000000E+0D 0.00000000E+Q0
.95220036E+00 5.59653320E+00
.C00O0AQAE+DD D, Q00DODO0E+DD .D0DOCOOOE~OD
.47B14D44E+00  7.24644343E-03 .487E6141E-03

9 .00178948E+0% Hydrogen
4
5
0
0
¢
5
0
1
.0C0CO000ESOD 0.00000000E+00 0.00000000E+00
a
)
[«]
o
Q
]
0
s}
7

_95424591E+05 Oxyyen
.15468197E+05 Sodiwm
.Q0000000E+00 Potassium
.H0000000E+00 Magmesium
.0000C0D0E+00  Calgium
77637786E+05 Chlerine
00000000E+DD  Sulfur
79233012E+01 Carbon
.DOOQOO00E+D0 PosIon
RGOCDOODE+00 Neglon
.0000D0OVE+DE  Alr
000000C0E+0C Boron
CO0QOOCOE-D0  Bromine
.0DD0CODOE+00 TracerEl
.0000CO00E+QD Th{IV)
00000000E+00  Am(III}
0QODO0DOE+DD WIVI}
8672B474E+00  Np (V)
00O0DO0DE+DD  ClO4- (EL)
.000000C0E+DC  Phosphorus
.DO000OCOE+0C Elegtron
.00000DGDE+D0 Charge

.0000GCCOE~DD 0.80000000E+CD - 00000000E+DD
. 0DODOOCOE+0D 0.00000000E+GD .0CCCODO0E+QOD
.0000COC0E+QD 0.Q0000000E+QD .00CDC0O0E+DD
. 0000CCECOE+0D 0 .00000000E+QC .DOGOCOOOE«QO
-Q0000000E+00 0.06000000E+0D .00000000E+00
.000Q00000E+DT 0.000000C0E+D0 .0DOOQODCE+DD
. D00ODOOCE+OD 0.00000000E+00 .B0000000E~0O0
. 00Q00000E~ 00 0.00C00000E+D0 . Q00000GUE+DD
-4T561S78E+Q0 £.79854005E-06 .§7723651E-06
- 00000000E+DD 0.C0800Q00E+00 0.00000000E+00
.QD0000D0E+DD 0.00000000E+D0 0.COD0OQDOE+CD
- 00000000EQ0 0.0000C00CE~00 0.00C00000E+00
,11270924E-16 -2.61814B25E-15 -2.34399998E~-15

WOoOOoODWOoOOOOOoODDoOoOWOHOGOOWMWLW
ODOOHROO0ODODCO000 NOKRDOOR QM

14

Solution Parameters, Calculated

SOLUTION MASS 463.176929136630 grams
H20Q MASS 348.823147935362 gTams
™S g/ kg) 327.827387253719 &/ RgH20
Specified Selution Density
DENSITY 1188.78921208712 kg/m~d = g/l
Sclution Parameters Based on Specified Density
SOLUTION VOL 0.389620704381517 liters
TDS 2931.500268120485 grl
Density based on TDS and NaCl sclutions 1188,7823120871% g/l

Pearcent relative error v NaCl densicy 0.000000000000000E+D00 &

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Melality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H2C WATER B.31932E-01 7.78290E~01 0.9355 1.93627E+01 £.96963E+01 B.95283E+05
NaNpO2C032 (s) NaNp0o2C03 (8) 9 .56382E00 1.0CCDOE+CC 1.000 3.47561E+00 §.92050E+00 3.14C43E+DE
Nas ' Na+ 5.61002E+00 5.2B628E+00 0.5423 1.95691E+0Q0 S5.022539E+00 1.1546BE+05
cl- cl- 5.S5%653E+00 5.27165E+00 0.%420 1.95220E+00 5.01051E+Q0Q 1.7763BE+O5
COl= CO3= 6.1071%E-03 1.58305E-04 2.5954E-02 2.13030E-03 3.46763E-03 3.28108E+02
HCO3- HCOO3 - 1.11706E-03 4_13103E-04 0.3698 3.89633E-04 1.0000%E-03 6. 10225E+01
oM~ OH- 1.20768E-04 €.57227E-05 0.5442 4.2126TE-05 1.08122E-04 1.B3BB7E+00 -1.339-10
NpO2 (CO3 ) 2=— NpOZ (CO3) 2=~ 31.891%9E-06 1.01411E-10 2.65056E-05 1.35762E-06 3 .4B446E-D6 1.3556BE+00 5.14E-10
NpO2 (C0O3 ) 3==- NpC2{C0J}3nx- 4.76942E-06 3.B5055E-15 8.0734E-10Q 1.66368E-06 4.27001E-G6 1.91755E+00 1.1SE~09
£02 (aqg) Ccoziag) 4.74407E-08 1.37761E~07 2.904 1.654B4E-08 4 24731E-OB 1.86923E-C3 -7.11E-0%9
NpOZCO3- Np0O2C03- 1.33846E-07 2.43265E-07 1.817 4.66BHTE~08 1.13831E-07 3.94312E-02 3.15E-13
NpO2+ Npo2+ 3.12502E-09 €.18962E-09 1.981 1.09C0BE-D% 2.7T9TT9E-09 7.S2738E-04 -5.05E-10
He H+ 3.06048E-11 1.19333E-10 3.89% 1.06757E-11 2.74002E-11 2.76166E-08 ~3.76E-02
NpQ20H (ag) NpO20H (aq) 1.57050E-10 1.570%0E-10 1.000 5.476826E-11 1.406Q5E-10 4.02206E-05 3.26E-0%
NpO2 (OH) 2- NpOZ (OH} 2- 1.66773E-12 4.97826E-13 0,2985 5_B174¢3E-13 1.49310E-12 4.52501E-07 7.03E-39
Na3B(C03)2.2H20 Trona 0.00000E+G0 1.000Q0E+GQ 1.000 0.000G0E+00 0.000CCE+GO 0.00000E+00 -4 . 19E+DC
Na2C03 . H20, Thermenatrite 0.00000E+CD 1.00000E+CD 1.000 0.000C0E+QD 0.00QCOE+QO 0.00000E+00 -2.94E+00
Na2C03 . 7H2Q Na2C03 -Heprahydrate 0.00Q0Q0E+CD 1.0G0Q0E+RO 1.000 0.00000E+DO 0.0CC0CE+00 0. 00G00E+00 -2.66E+0C
Na2C03.10K20 Natron 0.C0QQ0E«OD 1.0C000E+00 1.000 0 .000C0E+GD 0.0C000E+DD 0.00000E+0D ~2.62E+0C
NaHCO3 MNahcolite 0. C0000E+00 1.60C00E+0C 1.000 0.00000E+00 1.00000E+00 0.00000E+00 -2.26E+00
NaCl, Halite 0. 00000E~0OC 1.C0000E+0C 1.000 0.00000E+0D Q.00000E+00 0.00000E+00 -1.25E-01
Na3NpO2Z (00312 (s) DISABLED_ DISABLED 0.00G00E+DQ 1.000C0E«DD 1.000 C¢.00000E+QOD 9.00000E+0C 0.00000E+O0 -9.31E+02
NaoH{agq)...... to.titrate.base.only 0.00000DE+Q0D 0.000COE+CD 1.00C 0.00000E+00 0.Q000DE+OC 0.0000CE+00. -2 .94E+02
NpO2CH {amor ) NpO2CH ( amor) 0.0DCOCE+DD 1.00000E+00 1,000 0.0CO00E+DC 0. 00000E+00C 0. 0000CE+00 -3.67E+00
NpO2CH (aged!) NpO2CH {aged) 0.0000CE+D0 1.0000GE+QO0 1.000 0.C0000E+0D 0.00000E+00 Q0. CO000E+CD -3.08E+00
HCliaqQ)....... to.titrate.acid.only 0, 00000E+00 0.0000CE+00 1.000 0.0000QE+Q0 0.00000+00 0 .C0Q00E+0C -2 _.49E+02
pmH = -log(m(H+}] = 10,5142
pH = -log{m{H+]] =z 9.9232
osmotic Coefficient= 1.240745
Equilibrium RH (%) = 77.828965
Ionic Strength (m) = S.616187
Density. kg/m3 = 1188.79
NOTES: - Water *molality® is mole fractiss H20 in aqueous phase
- Gas *"molality" and *activiry" are gas partial pressures
- "Dascriptor”® means:

*A5/RT/1Ini0 for species with nonzero cones. (convergence criterion) !

+*Saruration Index for minerals, SI=logl0{IAP/Xsp) B S

*1oglCiactivity) f£or agqueous species with very small concentrations '\ o ,-":

*logl0(partial pressure) for gases T L

14: Total G/RT= -4.64192502E+03
2¢) TITRATE £ile name is Ul: {SCBABE.FMT.USERGUIDE}NP_NACL_BM_LIN.TITRATE;2
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Appendix O: Sample Output File *Np_NaCl_BM_LIN.OUT"

«~ ' MOLES £ile name iz Ul:[SCBABB.FMT.USERGUIDE]NP_NACL_BM_ ILIN, MOLES;1
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Appendix P: Sample Output File “Np_NaCl_BM.OUT"

Appendix P: Sample Output File “Np_NaCl_BM.OUT”

{ See Table 27 for explanation of this listing. - ]

INFUT file name is Ul:[SCBABE.FMT.USERGUIDE]NP_MACL BM.IN:1
INGUESS file name is Ul: [SCBABB.FMT,USERGUIDE]NP_NACL_BM.INGUESS:1
+ OUTPUT file name is Ul:[SCBABB,FMT . USERGUIDE]NP?_NACL BM.CUT;1l
~« CHEMDAT file name is Ul:[SCBABB.FMT.USERGUIDE]FMT_HMW_NFP_AM.CHEMDAT:1
. Temperature is Bard Coded as 298.15K
I Benchmark TITRATE Problem; MNp{V)02 with CO3 in 5.6lmolal NaCl FMT V2.0
> DATABASE: HMW84/FWEE: Np(V]}-Na-CC3-OH-Cl-Clo4 (NR34);
¥ 85.01.31 Am{IIY)-Na-Cl-C03-504-PO4 {FRSRE9, FRF20, P91, RFFRI2,RFFJ34, RRFF94)

P L L L T L L T T L L L T L T T T

==+ ECHO PRINT OF "CHEMDAT" FILE WOULD BE HERE ***
- SRE APPENDIX J e

L L T T T L L L L L T T L

TITRATION Problem:

=} Assigning all deltaly) to 0.1 m

-} Secting # of nodes in Y-direction to 3
-} Setting NONREACTIVE Poresity te 0.0

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density is a Funcdtien of Cemposition
REOMIN file name is ULl: {SCBABB.FMT.USERGUIDE]FMY_HMW_NP_AM . RHOMIN:1

P L T T T e R T R R R R T N L L e L

**> TASDLE OF MINERAL DENSITIES, KG/M"3 WOULD BE HERE =**
e SEE APPENDIX L ree

B T L L T T T T L L T R L L T e L 1]

GRID BLOCK VOLUMES, in liters
1.00E+00 1.00E«00 1.00E-00 1.00E+00 1.00E+QD 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 31.00E+«DD
1.Q0E+00 1.00E+00

1.00E+00 1.00E+00 1.0CE+00 1.00E+00 1.COE+00 1.0GE+00 1.00E+00 1.00E+0C 1.00E«00 1.00E+00 1.D0E+00 1.00E+00 1._DOE+QD
1.00E+00 1.0QE+00

¥
"

.QUE+00 1.00E+0C 1.00E«0C 1.00E+00 1.00E+00 1.00E+00 ZI.QCE+00 L1.0CE+00 1.00E+00 I.00E+Q0 1.00E+00 1.00E+00 1.00E+00
~+  1.008E+00 1.00E+00

# inversions for batch pblm 50
18enchmark TITRATE Problem; Np{V)02 with €02 in 5.6lmolal Nall FMT V2.0
DATABASE: HMWB4/FWBS; Np(V)-Na-CC3-OH-C1-Cl04 (NR94);
95.01.31 Am(III}-Na-Cl-C03-504-PO4 (FRSR8J,FRF20, P91, RFFRI2, RFF94,RRFF24)
Pressures 1.00000E+00 [=] AT™ Temperatures= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molality Ag. Molarigy hy. mgfliter
1.11017362E+02 1.11029658E+02 1.00100314E+02 1.00891107E+C5 Hydrogen n
6.15086815E+01 €.15154934E+01 5.54601388E+02 8.87328944E+05 Oxygen -
5.610CC000E+DD %.61062229E+00 5.05833276E+00 1.16289907E+05 Sodium & . . )
0.0000G000E+QQ 0. 000000G0E+DQ 0.GO000000EGO 0.0000000CE+00 Porassium . N 1
Q. 00000090E+00 C.00000000E-QQ 0.0CCCY000E+CO 0.60000000E+00 HMagnesium C
0.000C0C0DQE+DD C.Q0000000E+DD 0.0C0CO000E+DC 0.00000000E+00 Calecium :
1.51000000E+00 1.61017830E+00 1.45167838E+00 5.,1466352RE+04 Chlorine ' ) !
0.000000C0E+00 0.00C00000E+D0 0.00000000E+Q0 C.0000COO0E+OD Sulfux ' -
2.00000001E-00 2.0002215CE-0C 2.80332713E+00 2.165978298+84 Carbon
0. 0DBOJQN0E+CO 0.00000000E~00 0.COCDJODDDE+DD 0.000D0000E+D0 PosIon -
C.D0C00000DE+CT {,00000CCOE+DD 0.60C00000E«Q0 G,00C00000E+00 NeglIon
C.0D0Q000GE+DE J.0000C000E+GY G.000000C0E+0Q 0.0000000CE+D0  Air
. 00C00000E+00 Q.00000600E+00 0.000000C0E+00 0.0000G000E+00 Boren
0.00000000E+00 0,00000C00E+0D 0.00000000E+00 0.000000D0E+00 Bromine
0.00CDDDQDE+DD 0.0000000CE~DD 0.000C0000E+DOD 0.000C0000E+00 TracerEl
0.00000000E+QQ 0.000000C0E+0C 0.00000000E+00 0.00000000E+00 Th{IV)
0.00000000E+OC 0,00000000E«CC 0.00000006E+CQO 0.00000000E+00 Am(III)
0.000C0000E+OC 0.00000000E+CD 0.00000000E~00 0.04000000E+00  U(VI)
0.000C0Q00E+OD 0.0000000QE+C0 0.C0000000E+CD 0.00000000E+0D  Np{V)
0.0C00C000E+OD Q.00000000E+DC 0.C8C8000CE«CO 0.C0000000E+00 CLlO4- (EL)
0.000CGCOCE+DO G . 0DOOCDOGE+QD 9.0000GD00E+QD 0.00000000E+00 Phosphorus
0.00000C00E+00  G.000000D0E+0C 0 .00Q0COQ0E«00  0.00D0000DE+00 Elestren

-2.22044605E-15% ~2 22069196E-15 -2.00209536E-15 0.00000600E+00 Charge

Sclution Parameters, Calculated
SOLUTION MASS 1106.07013905850 grams
H2ZO MASS 999 . 889265717486 grams
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Appendix P: Sampie Output File “Np_NaCl_BM.OUT"
TDS (g/kg) 306.214981877726 g/kgH20
Specified Solution Density
A DENSITY 1177.63607435302 kg/m~3 = g/l
3 Scluticn Parameters Based on Specified Demsity
SOLUTION vOL 1.10906108219560 liters
TRS 276.072326670473 g/l
Density based on TDS and NaCl solutions 1177.63607439302 g/1
Percent relative error vs NaCl density 0.0C0000000000000E+DOD &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity mg/liter Descriptor
WATER 8.57464E-01 8.59B42E-01 1.003 S.55025E+01 5.00446E+01 9.01S64E+05
Na~+ 5.61062E+00 3.5698B1lE+00 0.6593 5.§100CE+C0 5.05833E+00 1.16290E+D5
Co3= 1.99407E+00 4.09214E-02 2.0522E-02 1.99385E+00 1.797T8E+00 1.076B4E+05
cl- 1.61018E+(D 1.06477E+DD 0.6613 1.6100CE+D0 1.45168E+00 5.14564E+04
HCO3- HCC3- 6.14734E-03 1.59044E-03 0.2587 6.14666E-03 5.54222E-03 3.38170E+02
OH- &.14713E-03 4 .86301E-03 0.7922 6.14665E-03 5.54221E-03 5.42580E+01 2.00E-11
co2{aq} CO2 (aq) 2.36B76E~08 7.15913E-0% 3.022 2.368B50E-0Y 2.1355%E-09 5.39868E-05 -2.12E-97
H+ 2.39934E-12 1.77959E=-12 0.7416 2.3%327E-12 2.16334E-12 2.18043E-09 -8.58E-08
Na3H (C0312.2H20. Trona 0. CO000E+C] 1.00000E+00 1.000 0. 000C0E+0C 0.00000E«00 0.OCO00E+DD -1.57E+00
Tl OHCliag)..... ,.to.titrate.acid.only 0.COOC0E«0D C.0000CE+00 1.000 0.000CCE+QD 0.000DDE+Q0 0. 0COQ0E~{0 ~2.52E+02
' NaQH{ag) ....,.to.titrate.base.only 0.C0000E+c0  0.00DOCE+DD 1.000 0.000C00E+00  O0.00000E+00  0.0D0QOE+D)  -2.82E+02
1T NacCl Kalite 0.CDO00E+CD 1.00000E+0D 3.000 0.D0000CE+00D 0.00000E+0C 0. 0C000E+CD -%.75E-01
NaHCO3, Nahcolite 0. CGOOOQDE+CO 1.00000E+0Q 1.000 0.00000E+0D 0.00000E-00 0.000Q0E+00 -1.83E+00
Na2C03.7HZ0____NazZCQ3-Heptahydrate 0.00000E+0C 1.00000E+00 1.000 0.00000E+0D 0.00000E+0D 0. 00000E«00 -2.51E-01
Na2C03 .H20 ™ trite 0.C000DE+0D 1.00000E+00 1.000 0.0DDOCE+DD 0.00000E+O8 0. 0DOODE+DD -7.9%E-01
Naz{03. 10H20 Naeren 0.C0000E+Q) 1.00000E«DO 1.000 9.00000E+00 0.00000E+00 0. 00000E+00 -8.30E-02
poH = -logim(H+)) = 11.6199
pH = -log(a{H+1] = 11.7457
Osmotic Coeffjcientc= 0.508418
Equilibrium RH (%} = 85.984284
Ionic Strength (m} = 7,E04695
Density. kg/m3 = 1177.64
NOTES: - Water *meolality® is mole fraction H20 in agqueous phase
- Gas "molality* and "activity" are gas partial pressures
-~ *Descriptor” means:
*dG/RT/1n10 for species with nonzero doncs. (convergence criterion)
*Sarturaticn Index for minerals., SI=10gl0(IAF/Ksp)
*loglO{activity) for agqueous spedies with very small concentrations
*logll (partial pressure} for gases
Total G/RTs -§.42133776E+03
Reaction # 1 s)ldsum 2.00000000000000
This is a solid-only reaction
shifring left by 4,64434654478256
calling makenuv for allemorphic reactions
‘- #% inversions for batch pblm 75
‘41 18enchmark TITRATE Problem; Np(VI02 with CO2 in 5 6lmolal Nacl FMT V2.0
DATABASE: HMWE4/FWB6: Np(V)-Na-CO3-OH-C1-Cl04 (NR94);
25.01.31 Am{IIT)-Na-Cl-CO3-SO4-PC4 (FRSRE9.FRFI0, PY1. RFFRI2. RFF34, RRFF94)
Pressure= 1.C0000E+0C [=] ATM™ Texparatures 2,98E+02 [=] Kelvin R
5
Elemental Abundances for Flash Problem’ “\
R
Total Moleg Ag. Molaliry Ag. Molarity Ag. mg/liter Sy
" L
1.11018363E+02 1.11017531E+92 9.323638664E+01 1.0018%020E+35 Hydrogen . ;
1.0550B682E+02 5.55113597E+01 4,9694238%E+01 7.95078006E+05 Oxygen v
1.56100000E+01 S.61057382E+00 5.02263316E+00 1.15469181E+05 Sodium
Q. 0Cc0D00CDE+DD 0 .00000C00E+QD 0.00GJ0000E+00 0.0D00CCO00E«DD Potassium e
0.00U0DOCDE+00  ©.00DOODGOE+Q0  J.0CCODOOOE+QQ  0.00000000E+00 Magmesium e -7
0. 00000000E+00 0.00000000E+00 0.00C00000E+0D ¢.0R0000O0E0D  Calcium
5.61100000E+00 S.6109609BE+00  S5.02297975E400  1.78079701E+«05 Chlorine
0.00000000E+QQ 0.C00000000E+ED ©.00000C00E~0D 0.D00CO0D0E+0OD  Sulfur
1.00000000E+01 £.12839261E-04 $.4861B892E-04 £.58946152E+00 Carbon
0.00000000E+00 0.0C000000E+CD 0.00000000E+ 0D 0.00QC0000E+QC PosIon
¢ .0000000C0E+00 0. 000000D0DE+DO 0.000000C0E+00 0.0CCO0ODDE+NC Neglon
0. 0D0U0O00E«00 0.0000000CE+00 0 .000C0000E+QD 0.0000000CE+OD  Air
0. 0060000CE+QD ©¢.0000000CE+00 0.000CC0O0E+DD 0.000000GCE+J0 Bozren
0.00C00000E+QD 0.00000000E+DD ©.00000C00E-00 0.0000000CE+0C Bromine
0.00000000E-Q0D 0.0C000000E+Q0 0.0C000000E+DD 0.0000000Q0E+Q0 TracerEl
0.Q00D0000E+DQ 0 .0C000000E+DC 0.C0000000E<QQ 0.00000000E¥400 Th{IV)
0. 0000000OESDD  D.DDODDOOOE+DO  D.DDNDODDOEwDC 0. DOOOOOOOE+BD Am(IIX)
0.C0000000E+D0 0.0000CC00E~DD 0.00009000E+G0 0.0000C000E+00 U(VI}
1.00000000E+01 6.12839261E-04 5.4B618892E-04 1.30049)21E+02 Np(V)
0.CG000000IE+0D 0.00D00CCOQE+00 0.000C0000E+00 ©.0D000DC0OE+00 ClO4- {EL)
0.06000000E~00 0.0000000CE+DD 0, 00000000E+QD 7.00600000E+Q0 FPhosphorus
0.C0000000E+DD 0.C0000000E+00 0. 00000000E+0Q0 0.00C00000E+D0 Electron
-2,37316632E-15 -2,37314981E-15 -2.12446380E-15 0.000000Q0E+00 Charge
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Appendix P: Sample Qutput File “Np_NaCl_BM.QUT"
Sclution Parameters, Calculated
SOLUTIGN MASS 1528.11614865142 grams
H20 MASS 10086.00695456819 grams
TDS(g/kg} 328.106912108529 g/ kgHZO
Specified Solution Density
DENSITY 1188.93254605477 kg/m~3 = g/l
Solution Parameters Based on Specified Density
SOLUTION VCL 1.11706602116201 liters
TDS 293.724084134187 g/l
Density based on TDPS and NaCl scolutions 1188.93254605477 g/l
Percent relative error vs NaCl density 0.00000000000000CE«D00 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity At Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8.31B2ZE-D1 7.77959E~01 9.9352 5.55091E+02 4.96918E+01 £ .95208E+05
NaNp02C03 [3) NaNp02COo3 (s) 9,999212E+00  1.00CCOE+DD 1.000 9.98939E+00 §.95147E«00  3.15133E+06
ci- cl- 5.81096E+00 5.29329E+00 0.9434 5.61100E+00 5.0229BE+00 1.78080E+05
Na+ Na+ 5.61057E+00 5.29268E+00 0.9433 5.61061E+00 5.02263E+00 1.15463E+05
HpO2- NpO2+ §.12T0SE-04  1.21978BE-03 1.991 £.12709E-04  5.484998-04  1.47572E+02
oz (aq) co2{ag) 3.86103E-C4  1.12115E-03 2.904 3.86106E-04  3.45643E-04  1.52117E+01
HCO3- HCQ3 - 2.26571E-04 B.3881CE-05 0.3702 2.26573E-04 2.02B29E-04 1.23760E+901 4.26E-09
NpO2C03- NpQO2C03 - 1.33526E-07 2.42871E-07 1.820 1.33527E-07 1.1953E-07 3.93334E-02 -1,8%E-11
H+ H+ 1.23i872E-06 4.78095E-D6 3.923 1.21873E-06 1.091012-06 1.09962E-03 -4 .38E-08
co3= co3= 3.09384E-08  8.03342E-10 2.5966E-02  3.093B6E-08 2.76963E-0G8  1.662035E-03  -1.62E-C7
CH- OH- 3.01685E-D9 1.63577E-09  0.5435 31_01687E-09  2.70071E-09  4,5$318E-05 2 5SE-08
NpQO20E (aq! NpO20H {ag!) 7.72186E-10 7.72186E-10 1.000 7.72191E-10 6.91267E-10 1.97740E-04 1.B7E-07
NpOZ(CO3)2=- NpO2 (CO3 2= 1.98384E-11 5.13354E-16 2.5B77E-05 1.%8385E-11 1.77585E-11 & .90960E~D6 =1.62E~07
Np02 {OH) 2- NpOZ (OH) 2- 2.04382E-16  6.107C3E-17  0.2988 2.04383E-16 1.82964E-16  5.54494E-11  2.13E-07
NpOZ (€03 ) 3==- NpO2 (CO3)3==- 1.25197E-16 9.878%6E-26  7.BY0SE-10 1.2519BE-16 1.12077E-16  5.03310E-11  -1.23E-07
NpO20H (aged) NpO20H { aged) D.0000DE+CC  1.000CCE+00 1.000 0.000UOE+00  0.00000E+0C  0.00000E+00  -2.3BE+00
NaOH{aq!}...... to.titrate . base.only 0.00000E+D0 0.00000E+0D 1.000 Q.0C0O0E+OD 0.00000E+00 {.00000E+DD ~2.99E+02
HCllag)....... to.titrate,asid.enly 0.00000E+CD 0.00CGCOE+QD 1.000 0.000D0E+Q0Q 0.00000E+CC 0.0000CE+00 -2.45E+02
Na3NpO2 (¢03) 2 (s)_DISABLED DISABLED 0.00000E+00  1.00000E+0D 1.000 0.00CCOE400  0.0000DE+DC  0.0000DE+D0  -9.36E+02
Nacl Halite £.00000E+00  1.0DCGGE+00 1,800 0.00000E+0C  0.0000DE+0C  0.0000CE+00  -1.23E-C1
NaHCO3 Nahcolite §.00000E+G0  1.DD0GOE+DD 1.000 0.00CO0E+Q0  0.00000E+00  0.00DOOE+00  -2,95E+00
Na2003 . 10H20, Natron 0.00000E+C0  1.00Q0CE+00 1.000 0.00000E+00  6.00000E+0C  0.0000CE+00  -7.91E+00
Na2003 (7R20, Naz2CO3-Heptahydrate ©.00000E+00 1.00000E+00 1.000 0.00CO0E+D0 0. 00000E+DC Q.000CCE+D0 ~7.85E+00
Na2C03 .H20, Thermenatrite 0.00000E+00D 1.000CCE+QD 1.900 0.00000E+Q0 0.00000E+CC 0.00000E+00 —-B.24E+00
Na3H(CO3)2.2H20 Trona 0.00000E+CD 1.00000E+00 1.000 0.00C00E+DO 0.00000E+(0 0.00000E+00 -1.02E+Q1
NpO20H (amor } NpO20H { amor ) 0.00000E+00  1.0000CE+00 1.000 0.00CODE+D0  0,00000E+00  O0.000DDE+D0 -2 .98E+DD
o = -log{m(H+}]) 5.8141
pH = -logla{H+)] = 5.1205
Osmotic Coefficient= 1.241871
Equilikriuwnm RH (%) = 77.795863
Ionic Scrength (m) = 5.6111B8
Density. kg/m3 = 1lge.93
NOTES: - Water *molality” is mole fraction H20 in agueous phase
- Gas *"molality" and "activity" are gas partial pressures
- “Dascriptor" means:
*3AG/RT/inl0 for species with nonzero concs. (comvergenses grirerion)
*Saturation Index for minerals., SI=1oglC(IAP/Ksp)
~loglO{activity) for aquecus species with very small concentrations
*logld{partial pressure! for gases
Total G/RT= -1.33323084E+Q4
Flashing Titration # 1
# inversions for batch pblm 11
+> 1Benchmark TITRATE Problem; Np(V)02 with CD3 in 5.6lmolal NaCl FMT V2.0 .

DATABAGE
95.01.31
Pressure=

HMW84 /FWEE; Np(V}-Na-CO3-CH-Cl-C104
Am{III]-Na-Cl-00O3-S04-FO4

1.00000E+00 [=] hTM

(NR34});

(FRSR89, FRF90, P91, RFFR9Z, RFF44, RRFF94)
Temperature=

Elemental Abundances for Flash Problem

2.98E+62 [=x] Kelvin

Total Moles Aq. Molality Ag. Mclarity Ag. mg/liter

3 .BSE57174E+D1 1.11017591E+02 $.33838868E+01 1.00169020E+05 Hydrogen
31.66707638BE+DL 5.55113587E+01 4.96542389E+01 7.95078006E+05 Oxygen
5.42543622E+00 5.61057382E+00 5.02263316E+00Q 1.154691B1E+05 Sodium
0.000CC000E-DD 0.0000C000E+D0 . G00Q0QI0E+00 0.000C0CDOE+OC Porassium
0. 00000000E+00 0.J2000C000E+DD 0.00000000E+QD 0.00000000E+00 Magnesium
0.00000000E+D0 0.C000CCODE+DD 0.0C000000E+00 0.00000000%+00 Caleium
1.95016501E+00 5_61096058E+00 5.02297975E+Q0 1.78079701E+0S Chlorine
0.00000000E+DD 0. 00000000E+Q0 0.000CCO00E~OD 0.C0000000E+00  Sulfur
3.47561578E+00 6.12839260E-04 5.48618892E~04 6.58946151E+00 Carbon
Q.000000Q00E~D0 0.00000000E+QQ 0.00000000E+DD 0.000GRO00E+DC  Poslon
Q.0000C000E+DD 0.00000000E+00 0.0000000CE+Q0 0.0C0CO000E+OC Neglon
0.00000C00E~CO 0. 00QOORRCE-DD 0.0C000C00E+DD 0.00000C00E+00 Air
0.00000C00E+Q0 0. 00QODROOE+DO 0.00000C00E+DD C.00000000E+00 Boren
0.00000000E+Q0 0.C0DDOCCOE+DO 0.000000D0E~DD 0.000000C0E+00 Brotine
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Appendix P: Sample Output File “Np_NzaCI_BM.OUT”

4._0DO00GOBYE+D0  0.00000000E+00 O 0D0Q0OCOCE+00  G.QQ0000Q0E+00 “TracerEl
0.00000000E+00 0.00000000E+00 0.00000G00E~+DD 0.0CD00CCOE+D0C ThiIV)
©.C000000QE+QD 4.00000000E+00 0.00000000E+0D (¢.00000000E+D0  Am{III)
0. Co0000GDE~DD 0.0000C00CE+QD C.0000CD00E+00 0.000CO000E+Q0  UI(VI)
3.47561578E+00 6.12835260E-04 5.48610892E-04 1.30049121E+02 Np(V)
¢.00000000E+00  0.0000Q00DE+0Q  C.0000000QE+CC  0.00000000E+D0 ClO4-(EL)
0.00000000E+00  C.00000000E+C0  0.000000CCE+00  0.0C000000E+00 Phosphorus
0.00000000E+DD 0.6000000QE+00 0.00000000E+CD 0.000000C0E+0D0 Electron
-£.94525850E-16 =1 _99F26754E-15 -1.7BBB6601E-15 0.000000C0E+0D Charge
Solution Parameters, Calculated
SCLUTION MASS 461.602144251012 grams
H20 MASS 347.563995068956 grams
TDS lg/kg} 328.106912108175 g/ kgH20

Specified Sclutaon Density
DENSITY 1188.93254605455 kg/m~3 = g/l

Solution Parameters Based on Specified Density

SOLUTION VOL (0.388249228926247 liters
TDs 293.724084133903 g/l
Density based on TDS and NaCl solutions 1188.93254605459 grl

Percent relative arror vs NaCl densitcy ¢.0000000000C0CCCE+ODD &

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Molalicy Activity Act Coef Total Moles Molarity mg/liter Descriptor

H20 WATER 8.31B22E-01 7.77959E-C1  0.9352 1.92928E+01  4.9691BE+01  8.95208E+05

NaRpO2C03 (s) e NANPO2CO2 (5) 9.93332E+00 1.00000E+CQ) 1.000 3.4754CE+00 8.95147E-00 3.15133E+06

cil- cl- 5.61096E+00 5.29329E+00 0.9434 1.95017E+00 5.0229BE+D0 1.7B0BOE+DS

Na+ Na+ 5.61057E+Q0 5.29268E+00 0.9433 1.95003E+00 5.Q2263E+00 1.154659E+05

NpOz+ NpO2+ £.12705E~04 1,21978E-03 1.991 2.129%54E-04 5.48499E-04 1.47572E+02

co2iaq) co2iag) 3.85103E-04 1.12115E-03 2.904 1.34196E-04 3.45643E-04 1.52117E+01

HZO3- HCO3- 2.26571E-04 8.3BB10E-05 0.3702 7.874B1E-0D5 2.02823%E-04 1.23760E+01 -6.17E-15

H+ H+ 1.21872E-06  4.7B095E-06 3,923 4.23582E-07 1.09101E-06  1.03962E-03 6.17E-15

NpQ2C03- NpO2C03- 1.33526E-07 2.42971E-07 1.820 4.64090E-08 1.19534E-07 3.93334E-02 1.85g-14

cel= £o3= 3.09384E-D8 8.03343E-10 2.59668-02 1.07531E~08 2.76963E-08 1.66203E-D3 0.00E+00

OH- OH- 3. 0l6ESE-0% 1.63977E-09 0.5435 1.04855E~09 2.70071E-09 4.59318E-05 -6.17g-15

NpO20H (ag) NpO2CH{aqg) 7.721B€E-10 T.72186E-10 1.000 2.6B384E-10 6.91267E-10 1.97740E-04 0.00E+00

NpO2 (C02)2=- NpQ2 (CC3) 2=~ 1.98384E-11 5.133%5E-1§ 2.5877E-05 6.89511E-12 1.77595E-11 6.30950E-06 0.00E+00

NpOZ (0H) 2- NpOZ2 (OH} 2- 2.043B1E-16 6.10703E-17 0.2988 7.10356E~17 1.82964E-16 5.54494E-11 1.23E-14

NpO2(C03)J==- RpG2{C03)3==" 1.25197E-16 9.87B97E-26 7.830BE-10 4.35139E-17 1.12077E~16 5.03310E-11 -3.53E-10

HCllag)......- to.tictrate,acid.only 0.00D0CE+00 0.00000E+0D 1.000 0.00000E+00 0.00000E+00 0.00000R+00 -2 . 4%E+02

RpOZOH (aged) . NpG20H (aged) 0.0000CE+00 1.00C00E+CD 1.000 0.00C00E+00 0.00000E+00 0. Q0Q0QE+QQ «2.38E+00

NpQ20H {amay} NpC20H (amor) 0.D0000E+O0 1.000Q0E+CD 1.000 0.00000E+O0 0.00000E+00 0.00000E«D0 -2.98E+00Q

NaOH{ag)...... to.titrate.base.only C.00000E+DQ 0.00CH0OE+CD 1.000 0.00G00E+D0 0.00000E+DD 0.00000E+LD -2.99E+02

Na3NpO2 (C03)2 (5) _DISABLED DISABLED 0.DOODOE+QD 1.00CODE+C) 1.000 0.00CECE+DD 0.00000E+Q0 0.06990E+00 -9.36E+02
"4 NaCl Halite 0.0C000E«CC 1.C00000E+GD 1.000 0. 0J000E400 0.0C0COE«00D C.90000E+00 -1.22g-01

NaHCO3 . | Nahcolite 0.0C08JE+DC 1.C0000E+CO 1.000 0¢.00000E+D0 0.000C0E+00D 0.000D0E+DD -2.95E+Q0Q

Na2C03 . 10H20, Natron 0.000C0E+QD 1.C0000E+00D 1.000 0.00000E+0D0 0 .000COE+0D C.000D0E+DC -7.91£+00

Na2C03 . TH20, Na2CCl-Heptahydrare 3.00000E+0D 1.0C000E+0Q 1.000 0.C0O00E+DD 0.00000E~QQ G.0DDOOE+OD -7 .95E+00

Naz2c0l .H20 Thermonatrite {.000C0E+DD 1.00000E+Q0 1.000 0.CCDOOE+0D 0.00000E+00 C.Q0000E+QD -8.24E+00

Na3H{CO3)2.2H20 Trona G .000DOE+D0 1.0C000E+00 1.000 0.06000E+00 0.0000CE+Q0 0.00000E+CD -1.02E+01

pmH = -log[m{H+}) = 5.9141

pH = ~loglaiH+}] = 5.320%

Osmotic Coefficient= 1.241871

Equilibrium RH {%} = 77.795863

Ionic Strength {m} = 5.611188

Density, kg/md = 1188.93

L T
NOTES: -~ Water "molality* is mole fraction H2Q in aqueous phase -
- Gas 'molality™ and “activity" are gas partial pressures oA

= ‘Descriptor® means:
*dG/RT/1nl0 for species with nonzerc conds. {convergence criterion)
*Saturation Index for minerals, S51=loglQO(LAP/Ksp)
rlogllfactivity) for aqueous species with very small concencrations
*logil(partial pressure) for gases

Total G/RT= -4.63179813E+0]

R L L T T T e R LT e Y

we* SUMMARY INFORMATION FOR ADDITICN OF DV{2)...DV(l4) WOULD BE HERE ***
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¥lashing Titration # 135
% inversions for batch pblm 22
1Benchmark TITRATE Froblem; Np(VI0Z with C03 in 5.61lmclal NaCl FMT V2.0

DATABASE: HHMWB4/FWE6; Np(V)-Na-CO3-CH-Cl-C204 (NRI4!;
95.01.31 Am{III}-Na-Cl-C0O3-S04-PO4 [FRSREH, FRFEC, P9L,RFFRI2. RFF94,RRFFH)
Pressures 1.00000E+00 {=] ATM Temperatures 2.98E+02 {=] Kelvin

Elemental Abundances for Flash Problem

Total Moles Ag. Molalirny Ag. Molarity Ag. mg/liver
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Appendix P: Sample Qutput File “Np_NaCIl_BM.OUT"

° MOLES file name is Ul:[SCBABE.FMT.USERGUIDE)NP_NACL_BM.MOLES:1
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Appendix Q: Sample Output File “BATCH_DOC.FOR088”

Appendix Q: Sample Output File “BATCH_DOC.FOR088”

See Table 28 for explanation of this listing.

i
o
Py

2.000000000000000E-02
1.000C00000000001E-02
9.930829876074504E-05
1.089876985084734E+08
3.514119485249377E-08
1.9165392689681380E-13
1.09999959999%999E-01
5.999999399959653E-04
4.0351912d0945192E-15
9.800006626741304E-02
1. U92064419243065E-07
9.9199126039P5744E-05
2.193596324564590E-14
6.91614705573389BE-07
5.27914979075¢905E-11
1.640770852300863E-11
9.989705247502765E-08
£.000000000000000E+30
0.000000000000000E+00
8.65336R448896738E-11
6.1314836150886349E-15
0.000000Q00Q00000E+00
0.000000000000000E+0D
0.000000000020000E+00
0.000000000060600E+00
0.000000000000000E+00
0. 0ODCTOOCODODDODELDD
0.000000000000000E+0D0
0.000000000000000E+00
0.000000000000C00E+DO
0.000000000G0DOAIE+00
0. 00000000800 000QE+DD
0.068000000C00C000EC0
©. 00000000000 000E+DD
¢.000000000000000E+00
0.000000000000000E+00
©.000000000000000E+00
0.00000C000000000E+00
0.00000G00000000DE+00
0.0000000000Q00C0E+00
0.0000000000000CDE+00
0.0C0000000000000E+00
0.00000000060030030EAD0
0.000005000000000E+00
0.000G0000000000DE+DD
0.000000000000000E+00
0.000000000000000E+00
0.0GC0000000C0C0DE+DD

5.506118174079332E«01 H20 WATER
Na+ Na+
K+ K+
Ca+ Ca++
Mg++ Hges
MgOH+ MgOH+
H+ He
cl- cl-
S04= S04
ESCd- HSO4 -
OH- OH-
HCO3- BCO3-
<ol= Co3=
CO2 (aq) €Oz (aqg)
Cacol {ag) CaCt3taq)
MgCo3 {ag) HgCo3{ag}
B(CH)3(aq) BI(OH)3{aq}
B(CH) 4~ B{OM) 4~
B303 (0K} 4- B303 (OH) 4-
B4O5 (OH) 4= B405 (OH) 4=
CaB(OHE)4+ CaB(QH) 4+
MQB(OH]) 4+ MgB (CH} 4+
Br- Br-
Clod- perchlorate ClO4-
NaOH(ag)...... to.ritrate, base.only
HCl{agt....... to.titrace.acid.only
HClod{ag)..... to.titrate_acid.only
POSION. .ovvnniiivn e POSITIVE.ICK
Neglon................ NEGATIVE. ION
Poslon(CH) (ag)..... to.citrate.base
HNegIcnf{ag)........ to.titrate. acid
Tracer(ag)..... conservative.tracer
HIPO4 {ag) H3PO4 {aq)
H2PO4= HZPO4-
EPQd= HPO4=
PO4=- POd=-
NpG2+ NpO2+
NpQZOE(ag) NpO20H{ag)
NpC2 (OH) 2~ NpDZ{OH) 2~
MNpO2C03- WpO2C03-
NpO2 {CO3)2=- NpOZ {CO3) 2=-
NpO2{CO3}3==- NpO2 (C03)3==-
Amas At
ADCO3+ RNCO3 -
Am(LC03)2- Am{CO3)2-
Am{C03)3=- Am({CD3) 3=-
Am{OH} 2+ Am{OH) 2+
AmiQH) 3 (ag) Am{QH) 3 (aq)
Thesss Thewss
B+ U{VIIO2++

0.000000000000000E-0C
0.C00000000000000QE+D0
0.0000000C000CDO0E+00
0.000000000000000E+00
C.0000000000Q000DE+CO
0.000000000000000E+C0
0.000000000000000E+C0
0.000000C00000000E+00
0.000000000300000E+00
9.000000000000000E+00
2.000800000000000E+ 0T
0.000000000000000E+0C
0.00000000000C000E-00
©.00000000000CO00E+CO
€. 400000000000000E+C0
0.000000000000000E+C0
9.999535072276642E-04
0.0000000Q0000000E+00
0.000000000000000E+00
0.0000C0000000000E+D0
9.000C0C00000000DE+QD
Q.00000C000000000E+D0
0.0000000000000C0E+00
0.000090000000000E+00
0.000000000CC0C00E+DD
0.000000000600000E0Q0
0.000000000090000E+0C
0.000C00000000000E+00
0.000C00000000000E+00
0.00000G0000000C0E+Q0
0.000C00000000000E+00
0.000000000000000E+00
0.00000000CC00CGD0E+DD

WpO2OH{aged) __________ NpO0H{aged)
NpO2C0H{amox ) NpO20KE {amor )
NaNpC2CO03(s)________ NaNpQ2C03 (s}
Na3NpO2(C03)2(s)_DISABLED DISABLED

AmOHCO3 () AmOECC3 (c)
Am(CH)3 (s} Am{OH}3 (5}
Nakm{CO312, 6H20{c)

AmMPO4 i) AmMPO4 (<)
Caso4 Anhydrite
Nax3i(s0412__sphthitalite/Glaserite
CaCl2.6H20 Antarcticite
Cacos ATagonite
K2504 Arcanite
MgCl2 . 6H20, Bischofite
Na2Mg {504)2.4H20 Bloedite
Mg (QH) 2 Brucite
RasCC3 (50432 Burkeite
Carol Calcite
CaCl2.4H20Q, CaCl2_Tetrahydrite
CadCl2{OH)6.13H20__CaCxychleride A
Ca2C12{0OH}2.H20 CaCxychloride B
KMgCl3. 6H2C Carnallite
Mg504 , TH20, Epsomite
CaNa2{C03}2._5H20 Gaylussite
Na2Ca(S04}2 Glauberite
Cas04 . 2HZ0, Sypsum
NacCl. Halite
MgSod . 6120 Hexahydrite

KHgClsod . 3H20 Kainite
KHCO3 Kalicinice
Mg504 | H2C Kieserite
K2Mg (S04)2.4H20 Lecnite

550868155779565E+01
016254639034410E-01
00B8127319517206E-Q2
001154080354837E-04
038734763576966E-08
5426798571276358-08
$32115616855898E-13
108940051468925E~01
008127319513137E-03
C67986529473380E-15
B79654411868162E-02
1D093997T5711625E-07
000053490322044E-04
2114243827B6093E-14

5
2
1
1
1
3
1
1
1
4
9
1
1
2
6.972356792683824E-07
5.322055127883555E-11
1.654105921272029E~11
1.0070894773931928-07
©.000000000000C00E+D0
0. 000000000000000E+00
B.7236%7139181022E-11
6.184695924470303E-15
0.0000C0000C0CO00E+OD
0.00060C000C00000E+DD
G.000000000000000E+00
0.000000000000000E+00
0. 000000000000000E+00
. 000000000O0DULDDE+CD
9.99000000C00C000E+CC
.0000C0C0800C000E+DD
0.00060C0000C0000E+OD
0.000000000000000E+00
0.000000000000000E+00
0.00000000000000CE+0Q
0.0000000000000C0E+00
0.0000000000000C0E+D0
0. 000000000000000E+00
0. 0000000Q00000000E+00
C.cC0o000000000000E+00
C.CC0000000000000E+00
0.Cc00000000000CO0EFDQ
0.
2
°
[
]
4
0
Q
0
0
4]
0
0
o]
4]
0
1]
o
Q
0
0
Q
9
Y]
1
o
o
0
0
o]
]
[
o]
¢
[+]
0
4]
o
1]
0
0

000000000000000E+0CC

.200000000000000E+GC
. QUOCO0000O00000E00
.00000Q000000000DE+DD
. G00000000000000E+00
. 000000000000000E+00
.C00000000000000E+00
- 900000000000C00E+C0
+00000000C000000E+DD
.000000CCC00CO00E+QD
Redelelelelulelel eloledilels) SRV
.000CGo0C0OCCO000E+CD
-QO0CC0000C0RC000E+00
- 0000000000C0OD0DE+Q0
-0000000000600000E+00
.000000000000000E+00
- 0000009009 0000CE+00
-000000000000000E+00
. Q0000000000000 0E+0C
.00000000C000000E+00
-00000C0CC0O0RAQDE+CO
.Q00CC0CGCOCCI00E-CD
.Q00CCO000C0CD0ODE+DD
.0006CC0C0000000E+00
.Q0BCB0B52144262E-03
-0000C0000CECQ00E+00
.00C000000000000E+QD
-000000000000000E+00
-000000000000000E+00
. 0000300000000000E+QD
. 00000000000000CE+0Q
- 0000 0000000000CE+O0
-0CO000000000000E+00
.0000D000000000DE+0Q
- 00000000 0Q00000E+QQ
-0000CCO00CGCCIO0DERD
-000060000000000E+C0O
-000000000000Q00E+00
-0000900000800000E+0C
.000000000000000E+0D0
-000000000900000E+0D0
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Appendix Q: Sample Output File “BATCH_DOC.FOR088"

0000 CC000000000ROOOORLUOCO0000DO00

.000OC00000OD000E+OD
.000000000000000E-LD
.000000000000000E+0D

000000000000000E+O0
00000000000 0000E+00
00CC0O0000000000EDD
000000000000000E+00
000000000000000E+00
0200000000C0000E+CD
0000000000 0000E+00
0000CD0000R0000E+00
0000000000Q0000E+00

.0000C0000000000E~C0
.Q00000000000000E+00
. 000000000000000E«CD
.000000000000000E+CD
.000000000000000E+C0
.00000G000000000E~CD
.0p000CO0A000DO0OE~CD
.0000000000000G0E+QD
.00000000C000000E+QD
.000Q0000C0Q0QCC0E+0D
.00C00000C000000E+00
.00000000CCO0000E+OD
.00030000C000000E+DD
-0000000000QQ000E+QD
.00000000C000000E+QD
.00CCO00000OD000E+GD
.00C00000D0000D0E+QD
.00G2C0000000000E+D0
.000Co0000000000E+00
.00G000000CD0000E+D0
.000000000000000E+00

NadCai{504)3.2H20, ___ Labile_Salt
Mgre3 M ite
Mg2CLl{OH) 3 .4H20 MgOxychloride
KHsod__ . Mercallite
Na2504.10M20 __ __  Mizabilite
KBHE (504) 7, Misenite
NaHCO3___ =~~~ Mahcolite
NazQO3.10H20_____ Natron
MgCO3 . 3H20, NesQuehonite
K2Mg (S04} 2 . 6H20 Picromerite/Schoen
Na2Ca(C02}2.2H20 Pirssonite
KIMgCa2 (S04} 4. 2H20, Polyhalite
Ca{OHl 2 Porclandice
K2C03 .3/2H20___ Potassium Carbonate
KHH4 (C03) 6 .3KH20___ K-Sequicarbonate
KNalO3, 6H20 K-Na-Carbonate
K2NaH ({0112 .2H20__ Potassium_ Trona
K3H{S0412__Sesquipotassium Sulfate

NalH({504)2____ Sesquisodium_ Sulfate
Na2C03 . TH20, Na2CO3-Heptahydrate
KC1 Sylvite
K2Ca(504) 2. .H20C, Syngenite
Mg2CaCl6.12H20, Tachyhydrite
Na2504 Thenardice
Na2C03 . HiO Thexmonatrite
Na3H{CO3)2.2H20 Trona
Na2B407 . 10H20, Borax
B{OH}3 Borix_Acid_Solid
KB50B . 4HID, K-Pentaborate_{30_C)

KZB407.4H20___ K-Tetraborate_(30_C)
NaBO2 . 4H20, Sedium Metaborate
NaB5OB . SH2C Sodium_Pentaborate
NaBO2 .NaCl.2H2C__ Teepleite (20_C)

€. 000000000000000E+0D
0.00000000000D0NIE+DD
0.0C0000000000C0QE+OD
9. 000CC000C000000E«D0
0.0000C000C00D000E+DD
0.900000000000000E+0D
0.0000000000CD000E+00
0.0000C000000000DE+00
0.000000000000000E+DD
Q.0000C00000C0000E+OD
0.0000000000C0000E+00
0.000000000000000E+00
0.0000060000C0000E+00
0.000000000000000E+00
0.4800000000000000E+QC
0.00000C0000CCO0DE+QD
0.
0
0
Q
o
4]
0
Q
a
]
a
0
¢
Q
o
o
0

00000000000G000E+C0

. 000000000000C000E+00
. BOD0OCRO000CO00E+CO
. 000800000 0000G0E+00
.00000QOCLE00000E+DD
.000000000000000E-00
.00G00Q000CI0000E+D0
.00D0000DCCOQ00D0E+DD
. 00CCO0000C00000E-DD
.000CCO000000000E+00
. 0000C0000000900E+DD
. 400000 0000C0000E+DD
.00000C0000C0000E+GD
. G0000000000GI00ECD
. D00DOC000C00000E+LD
.000000000000Q00E+C0
.000000000000000E+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 explanation of this listing. }

! Benchmark TITRATE Problem. LOG1D option; Np(V)IOZ with £0} in 5.61molal NaCl FMT V2.0
” DATABASE: HMWS4/FWBG: Npi{V)-Na-CO3~-OH-C1-Cl04 {NR94!):
~ 95.01.31 Am(III)-Na-Cl-CO2-504-PO4 {FRSRBY, FRFS(0, P91, RFFR92, RFF34, RRFF94)

Titrant Volumes per Gyrid Bleck, in milliliters
1 J.000000 mL
. 2 0.100000 mL
v 3 0.1423510 mL
B 4 0.203092 mL
; 5 0.289427 mL
[ 0.412463 mL
7 0.587802 L E
? g D.837678 mL x !
- 5 1193777 =L §
5 10 1.701254 mL %
©.oa1 2.424462 oL %
12 3.455107 mL
13 4.923883 mL
14 7.017038 mL
1s 10.000000 wmL
% Titration Results, molal
H2O Ras K+ Cas+ Mg++ MgOH+ H+ cl- 504=
1) 1.9292BE+C1 5.51057E+00 0.GDO00E+D0D 0.0CCO0E+00 0.COO00E+GD 0.000Q0E+DD 1.21872E-06 5.61096E+00 0.C0000E+0D
2) 1.9297BE+Q1 5.81014E+00 0.00000E+DO 0.CQ000E+00 0.00000E+D0 0.00000E+0D0 5.77346E-07 5.60333E+00 0.00000E+0DD
3) 1.92999E+01 5.61003E+G0 0.CO000E+DD . 0C00DE+DD 0.0QD00E+DD 0. 00a00E-00 2.58813E-0G7 5.60950E+00 0.00000E+00
4)  1.93023%E+D1 5.61000E+CO 0.60000E+00 0. 0CO00E+QD 0.00000E+00 0.00000E«C0 2.31065E~09 5.60889E+00 0.00000E+00
5) 1.93072E+01 5.61000E+00 0. 00000E+00 G.COO0DE+O0 C.00000E+Q0 0.0000DE+GO 3.42512E-1D 5.60800E+00 0.00000E+DC
6} 1.93133E«D1 5.61000E+Q0 0. G000CE+Q] 0. 00000E+Q0 0.00000E+00 0.00000E+C0 1.52979E-10 5.60673E+00 0.00000E+GQ
Ty 1.93221E+01 5.61001E+00 C.00000E+CQ C.00000DE-0D 0.000DDE+QQ G.00000E+QC 8.66954E-11 5.60491E+00 0.00000E+00
8) 1.53346E+01 %.61001E+00 C.000CQE+00 0.D0000E+CO 0 .00000E+0Q 0.00000E+0D 5_444E9E-11 5_60233F+00C 0.00000E+D0
9} 1.93524E+01 5.61002E+00 G.00008E+0D G.90000E+DD 0.00000E+Q0 0.00000E+0D 3.62550E-11 5.59866E+00 0.00000E+D0
10} 1.33778E+01 5.61003E+00 C.00000E+QD G.0Q000E+0C 0.00000E+00 0.00000E+0D 2.5)0B1E-11 5.59343E+00 0.00000E+QD
11)  1.94140E=01 5.61004E+QC 0.000COE+00 0.0000CE+DD 0.00000E+D0 0.00000E+00 1.78163E-11 5.58601E+00 0.00000E+0Q
12) 1.94655E=-01 5.61007E+Q0 0.00DDOE~DD 0.0000CE+D0 0 .000CCE+0Q0 0.00000E+00 1,31074E-11 S.57S548E+00 0.00000E+0Q
13) 1.95330E.01 5.61012E+Q0 0.00000E+D0 0.00000E+0¢ 0. 00000E+0D 0.0000GE«DQ 9.80462E-12 5.56057E+00 0.00000E+0Q
14} 1.9643T7E+0% 5.61021E+00 0.00D00E+00 q.00000E+00 Q.000R0E+00 0.00000E+00 7.48733E-12 5.53852E+00 0.00000E+0D
L 15) 1.97930E+D1 5.61C315E«00 9.00C00E+CD 0.00000E+D) 0.00000E+00 0.000C0E+00 5.83272E-12 5.50989E+00 0.0C000E+DQ
(43
< HSO4 - OH- HCO3- Co3= COoz (ag) CaC03 (ag) MgCo3 (ag) B(0H}3 (aq) B{OH)4-
s 1) 0.00000E+00 3.01685E-09 2.26571E-04 1.09384E-08 31.86103E-04 0.00C0JE+00 ¢. 00000E+0D 0.0000CE+DOD 0.0CO0DE+QD
Eh 2} 0.00D00E+QD £.37029E-09 3.82212E-04 1.10196E-07 3.08476E-G4 0.00000E+00 C.00000E+00Q 0. 0CC0OCE+DD ©¢.0C000E+Q0
a0 3} 0.0000DE+OC 1.42123E-08 5.79836E-04 3.72979E-07 2.09763E-04 0.00000E+QQ ©.00000E+DD 0.00C00E~DD 0.C00000E+0Q0
ar 4} 0.0000CE+0Q0 1.26397E-D€ 9.%2660E-04 5.67888E-05 4.03745E-06 0.0C0Q0E+00 G. 000Q0E+DD C.00000E-Q0 0.0CO00E~DO
<% 5} 0.00000E+0G 1.07447E-05  1.00903E-03 4.50717E-04 4.82702E-07 0.00000E+00D ¢.00000E+00 0.0CO0CE+00 ¢, 0CODOE+OQ
-3 &) 0.0000CE+DQ 2. 40684E-05 1.02256E-03 1.11398E~C3 2.18328E-07 0.0C000E+00 0. 0Q000E+00 ©.0C000E~00 0.0CO00E«Q0O
& 7) 0.00Q0C0E+0D 4.24988E-05 1.04073E-0C3 2.002012-03 1.25793E-07 0.0000QE+D0 C.COOO00E+QQ 0.CCGC00E~CO 0.00000E~DD
81  0.000COE+00 6.77337E-05  1.06541E-03 3.26658E-C3 8.07635E-08 0.00G0Q0E+00 0. 00G00E+DD 0.C0000E+00 0.00000E+00
9}  0.0000CE+D0 1.01865E~04 L1 _C8867E-D3 5.06627E-03 5.53405E-08 0.CCO00QE+QQ 0.00000E+00 C.CcCOD0E~CQ 0.000D0E+QD
10) 0.CO0QQOE+00 1.4731798-04 1.14291E-03 7.62562E-03 3.97510E-08 0.GCO00E+00 0.0Q000E+00 C.CC000E+DD 0.CO0COOE+DO
11) 0.DDOCOE+DD 2.07123E~0C4 1.20082E-93 1.12609E-02 2.96765E-08 0.00000E+0D 0.00000E+Q0Q 0.0C000E+DO CG.COCOOE+DO
12) 0.000C0DE+0D 2 .84255E-04 1.27533E-03 1.64154E-02 2.29199:-C8 0.CC000E+DD 0.00000E+00 ¢.0COO0E+CO C.C00DOE+DD
13) 0.00CG00E+D0 3.82200E-04 1.36956E-01 2.37058E-02 1.B2542E-08 0.CGO000E+DD 0.00000E+DD 0.C0000E+0CO C¢.COCDOE+Q0Q
14) 0.D0OCOE+DD 5.04619E-04 1.48672E-Q3 3.39812E-02 1.49488E-C8 ©.00000E+00 C.00000E+Q0 C¢.B0000E+DD C.COCOOE+DD
13) D.0DOCOE+DQ 6.55397E-04 1.63010E-02 4.83971E-02 1.25492E-08 0.C0000E+00O 0.00000E~DD 0.30000E+00 0.00GGOE+0OD
3 B303 (0H) 4- BLOS {OH) d= CaB(0H) 4+ MgB{OH}d+ Br- 104~ NaOH (ag) . .... HCliag)...... HClo4 (ag) ...
[ 1) 0.00000E+DQ 0.00G00E+D 0. 00000E+0Q0 Q. 0CDO0OE+OD 0. 00000E+0D 0.00DQ0E+DD 0.00000E+00 C¢.00000E+DD 0.00C00E+0D
€2 2) 0.CDCOOE+00 0.00000E+D0 0.0000CE+00 C.CCO00E+Q0 €. 00000E+00 0.00000E+00 0.D00COE+0D G.20000E+DD 0.60000E+00
&3 3) 0.00CO0E+D0 0.00000E+00 0.00000E+00 0.00000E+Q0 Q. 0000QE+DD 0.C0QD0E+0QD 0.00000E+00 0.Q0000E«00 0.0000DE+00
DS 4)  0.00000E+00 0.00000E+00 0. 0000CE+00 0. CGCO00E+0OD 0.00000E+00 0.00000E+00C Q.00000E+00 0.00000E~DD 0.COQ0CE+DD
3 5) 0.00CCOE+00 0.000Q00E+Q0 ©.00002E+00 ¢, 0R000E+Q0 C.00000E+DD 0.C0000E+00D C.00000E«00Q C.00000E«00 0.C0000E+DO
6) D.00COOE+QO Q.00000E+QQ C.000CCE+QQ C.0CO00E+0O0 0.00000E+GD 0.C0000E+00 {.00000E+00 C.00000E+QQ 0.0000CE+OO
[ Ty 0.00CO0E+0D {.0000DE+Q0 0.000C0E+CQQ 0. CGO00E+00 C.00000DE+DD 0.00000E+00 0.00000E+00 C.0DO0DE«00 G.CQQC0E+QC
'y 8) 0.00CD0E+0Q0 0.00000E+00 G.000COE+O0 0. 00000E+QD 0.00000E+00 0.00000E+00 0.00000E+00 0.0000bE+00 0.00000E-GC
b 9% 0.0CO00E+00 0.00000E~Q0 0.900G0E+D0 0.00000E+Q0 0.00000E+00 0.00000E+00 0.00000E+00 C.00000E+00 G.00600E+0D
¥: 10} 0.0COJCE+00 0.D0000E+00 G.00DCOE+QD C.00000E+00 0.00000E+QQ 0.00000E+00 0.00000E+00 0,9000Q0E+00 0.00000E+GC
B 11y ©.CCOO0E+QQ 0.00000E+00 0.00000E+0D ¢. 80000E+QD 0.00D0DE+0Q 0.00000E+DO 0.00000E+00 0.C0000E+DO C.0Q00C0E+QD
T 12} ©.CGGOOO0E+QO0 0.00000E+0D 0.00000E+00Q 0.90000E+00 0. 00000E+00 ©.00000E+DD 0.00D0D0E+00 0.00000E+00 C.000C0E+CD
B 13} 0.00000E«CO 0.00000E+00 0.00000E~00 0. 00000E+QD 0.00000E«00 0. 00000E+DD 0.00000E+0D 0.00000E+00 0.C0000E+GO
; 14) 0.000Q0E+00 0.00CCCE+QD 0.00C0OE+DO C.00000E+CO 0.900QQ0E+00 0. 00000E+00 0.0000CE+OQ 0.0G0000E+00 0.000C0E+OD
15)  0.00000E+00 0.DQCQCE+OD 0.00000E+00 0.00000E~00 0.0C000E+0Q ©.00000E+0D 0.00000E+00 0.00000E+00 0.00000E+00
PosIon....... NegIon....... PoslIon(OH) (ag HNegIon(ag).. Traceriag)... H3PD4i{aqg) H2PC4~ HFO4x PO4=—
1) 0.Q0000E+00 0.CCOO0E~Q0Q 0.00CO0E«0D 0.00000E+00 0.Q00D0E+00 0.00000E+C0 0.00000E+00 0.00000E+00C 0.00000E+CQ
2} 0.00000E+ODC 0.GCQ00E-00 9.00000E+Q0 0.00000E+0C 0.00000E+Q0 C.00000E+CO 0. Q0000E+CO 0.00000E+D0 C.00000E+0D
3) 0.0000CE+CC 0.C0000E+DD Q.00000E+00 0.00000E+00 0.0000Q0E+00 0. 00000E+00 0.0000CE+Q0 ©.00000E+00 0.00000E+00
4} Q.00000E+CC 0.090000E+00 Q.0000QE+DD 0.00000E»00C 0.00000E+00 0.90000E~00 0.0000CE+0D 0.00000E+00 0.0000CE+00
5} 0O.00000E+QD 0,00000E+00 Q. 0CCO0E+00 0.00000E+00C 0.00000E+00 C.00000E+00 Q.0000CE+0D 0.Q0000E+0C 0.00000E+CO
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Appendix R: Sample Output File “Np_NaCl_BM_LOG.TITRATE”
§) ©.0000CE+QQ 0.G0000E+00 Q.0C000E-00 0.00000E+00 0. 00000E+00 0.00000E+00 0.CO0DDE+0D 0. COO00E~DD . 00000E-00
7)  ©0.00000E+00  0.0O000E-DC  0.0CCO0E+00  0.00C00E+00  0.00000E+D0  0.00000E+00  ©.0000CE+00  O,00000E+00  0.0OOO00E+DC
8) 0©.0DD0OE+00  0.CODOOE+DC  0.OCCOOE+00  0.DOCGOOE«OG  0.00000E+00  0.00000E+00  C.00000E+00  0.00000E+00  0.00COOE+DC
9)  0.00000E+O0 Q.00000QE+00 0.0GCO0E+DD 0. D0000E+00 0.00000E+00 0.00Q00E+00 G.00000E+00 0.00000E-CO C.CO0GROE+00
10} 0.00000E+00 0. 0000QE+0T 0.0CC00E+00 0.00000E+0C 0.00000E+Q0 9.0DQ00E+00 C.0000CE+DO ¢.0C000E+D0 C.G0CO0E+DD
11'  0.0G000E+DD 0.00000E~0C 0.00000E+00 0_00CQQE+0C 0.0000CE+QD 0.00000E+C0 0. 0000DDE+DO 0. Q0000E+DD 0.C0CODELBO
12}  0.00000E+00 0.0C000E+00 0._00CBOE+QQD 0.00C00E+DC 0. 00000E+00 0.00000E+GC 0.Q000CE+00 C.Q0000E+CD 0.CO000E+OO
ST 13y CLO0000E.00 0.0C0DOOE+D0 0.00000E+QD 0.00000E+0C 0.0000GE+00 0. 00000E+00 0.0000CE~DO C.CCO0QE+CD 0.C0CO0E+DD
- 14) C.00CCDE+D0 0.00000E+00 0.0C000E+00 0.00000E+0C 0.0000CGE+O0 0.00000E+GO C.0000GE+0O0 ©.06000E-00 0.CO0ODE+OD
ir 0 15)  0.0OODOE+00  0.00DQOE+OC  0.00000E+00  0._00000E+DC  O.00DOGE+QC  0.00000E-CO  0.Q0DDCE+QC  C,00000E+0D  0.00G0QE+DD
NpO2+ NpO20H (aq) NpOZ (OH) 2~ NpQ2CO3 - NpO2{C03)2a- NpO2(CO3)3==« Amess AMCO3e Am(CO332-
1} ®.12705E-04 7.72186E-10 2.04381E-16 1.33526E-07 1.9B384E-11 1.25187E-16 0 .Q0000E+DO 0.0CO00E~CO 0,00000E+CO
2} 1,72085E-04 4.57851E-10 2.55801E-16 1.33573E-07 7.08677E-11 1.58546E~15 C.0000CE+DD ¢.C6000E+0D 0.00C00E+DQ
* 3} 5.C8519E-05 1.01826E-10 3.76383E-16 1.33591E-07 2.35201E-10 1.81540E-14 0.00000E+DD 0.Q0000E~CO 0.00000E+0D
N 4)  3.34101E-07 1.76339E-10 1.9%583E-14 1.33613E-07 3.64205E-08 4.20660E-10 C.00000E+0Q 0.COO00E+DD 0. GOD00E-CC
%) 3.B&807E-08 1.735Q7E-10 1.63614E-13 1.33630E-07 1.14571E-07 3.13656E-08 0.DOO00E+0Q 0.C0000E+DD 0.C0000E+00
r £} 1.70494E-0D8 1.71249E-10 3.61B06E-13 1.33654E-07 7.13649E-07 1.61312E-07 0. 00000E+00 0.COODDE«DO 0,G0G00E+0QD
* T} 9.49458E-03 1.68316E-10 6§.28105E-13 1.3368BE-07 1.28137E-06 5.19502E-07 0. 00000E+00 0.0CO00E+CD 0.CDODOE+DQ
8) 5.B2643E-03 1.644%3E-10 9.78743E-13 1.33737E-07 2_0B796E-Q6 1.37733E-06 Q.DOQ0OE+0Q 0.0G000E~CD 0.0CCDOE+OD
9)  3.763124E-09 1.59617E-10 1.42919E-12 1._33806E-07 3.23222E=-06 3.29354E~06 0.00000E+00 0.0D00QE+QD G.00G00E-CO
10} 2.50641E-09 1.53583E-10 1.99131E-12 1.33905E-07 4.85191E-0¢ T.3987T3E-06 0.0000CE~00Q 0.0C000E+CD 0.00C0CQE+0D
11)  1.7032%E-09 1.46370E-10 2.67C40E-12 1.34044E-07 7.13717E-06 1.59398E-05 0.0000CE-+D0 0. CCO00E+0D 0.00000E+CQ
12y  1.17432E-0% 1.3807RE-L1C 31_46327E-12 1.342428-07 1.03463E-05 3.32873E-05 0.00D0CE+QO 0. CCO0QE+DOD 0.00080E+D0
13} E.18986E-10 1.2892QE-10 4.35852E-12 1.34522E-07 1.4821%9E-05% £.77047E-C5 0.0C00CE~DO C.COO0QE+D0 0.000G0E+00
14) 5.77122E-10 1.19205E-1i0 5.33952E-12 1.34916E-07 2.10028E~-05 1.34208E~04 0. 00000E+00 0.00000E+00 0.00C00E+OC
151 4.11022E-10 1.09291E-10C 5.38945E-12 1.3546BE-07 2.94209E-05 2.58546E-~04 C.00000E+DD 0.CO000E+00 0. COBBUE+CD
A{CO3) 3=- Am(OH) 2+ Am(OH) 3 (ag) Thew++ UC2++ NpO20H (aged) _ NpO2CH (amcr)_ NaNpO2CC3(s)_ Na3NpO2{C03}2
1} 0.00000E+QC 0.000Q0E~DC 0.000G0E+00 0. 00000E+QC 0.00000E+00 0.00000E-GO 0.CQ000E+Q0 53.99932E+00 0.00000E+OD
2] C.00000E+0D 0 .0C000E+00 0.000C0E+Q0Q Q.000C0E+QO 0.00000E+0D0 0.00000E+00 0. CO0000E+0D 9 _$9718E+0D 0.00000E+QD
" 3y  0.00000E+00 0.00000E+00  0.00C00E+0Q0Q Q.00000E+QD 0.00000E+00 0.00000E+00 0.60000E+00 9 _$9622E+D0 0.00000E+Q0
4} ©.DOQDDE+QO 0.00000E-00 {.000C0E~Q0 0.00000E+D0D 0.00000E+00 0.00000E+00 0.C0000E+00 %.99473E+00 0.00000E+DD
* 5} ©.00000E+CD 0.00000E+0C 0.00000E+00Q 0.00000E+00 0.00000E+00 0.00000E«00 0.00000E+Q0 9.95250E+00 0. 0C000E«D0
1 6) 0.00000E+GO 0.00000E+00 0.0000DE+Q0 0.000GCE+O0 0.00000E+00 0.00000E«00 0.CO00DE+DD 9 .5E931E+00 0.00000E+00
B 7} 0.COQQ0E+GD 0.00C00E+DC  0.0000QE+00 0. 0000CE+00 0.00000E+00 0.00000E+00 0. 00000E+00 9.98478E+00 0. 000GOE+OD
8) 0.0000DE+CH 0.00GO0E+0D 0 .000C0E+00 0. 0D0C0E+QD 0.00000E+D0O 0.00000E+CD 0.00D00E+00 9.87BI2E+00 0.C0COCOE+DD
%) 0.0000DE+CQ 0 .00C09E+0D {.000G0E-0Q0 0.0000CE+QQ 0 .000C0E+DO 0.00000E+C0 C.00000E+00 2.56914E~00 0.0C0OCOE+DD
19) ©.00000E+DD 0.00000E+00 0.000GDE+0D 0.0GQCCE~Q0D 0.000Q0E+00 0.0Q000E+D0 0.000D0E+00  5.85607E+0D 0.00000E+Q0
11) ©.0O00DE+GQ 0.00C00E~0Q0 0.00000E«00Q 0.000C0E+0QD 0.00000E+00 0.00000E+0C 0.00000E+00 §5.93751E+00 0.00000E+DC
12) ©0.COQODDE+CC 0.00000E+00 0.000C0E-00 0.000CDE+DOD 0.00000E+00 0.00000E+CC G.0000CE+0D 5.91117E+00 0.00000E+00
13) ©.000DOE+D0 0.00G00E+0C 0,00000E«00 Q.00080E+00 0.00000E+00 0.00000E+0D 0.90000E+D0 5. B7386E+00 0.00000E+00
14) ©.00000E+RD 0.00DOQE+OC  D.DGOCOE+00 0.0D0GCE+CQ0  0,00000E+00 0.0000CE+C0 0.000DOE+00 9 .B82115E+DD 0. 00000E+D0
15} 0.00000E+00 0. 000Q9E~DC 0.00000E+00 0.00000DE«DO {.00000E+D0O 0.00000E+00 C.D00D0E+Q0 9.74696E~0D0 0.00000E+00Q
AMOHCO3 (2)__ Am(OH}3(s)___ NaAm(CO3)2.6H AnPO4(c)______ Casod___ Nai3(504)2_ A CaCl2.6H20___ CalO3 K2504
1}  ©.D0000E+QO 0.0G000E+Q0 0.00000E+00 0. 0000CE~+DO 0.00000E-00 0.00000E+00 0.CO0DDE+O0 0.0C000E+OD 0.000COE+0O0
2)  0.00000E+00 0.0C0Q0E-00 0.000CDE+CO 0.00000E«0Q0 0.00000E+00 0.00000E+CC G.COUOOE+DD 0.CC000E~DC 0.0C0DDE+O0
3} 0.DODOOE+DQ 0.0C000E+DC 0.00000E+QQ 0.0000CE+DO 0.00000E+00 0.0000CE+0OC 0. 00000E+0D 0.0C000E+DG 0.000C0E+OD
4} ©.0O0000E+D0 0. 00000E+DO 0.00000E+Q0O 0.0Q00C0E+00 0.00000E+D0 0.00000E+00 0.00000E+0Q 0.00000E+00 0.COC0OE+DC
5y 0.0000CE+00 0.0G0D0E«DO d.000C0E+Q0 0. 000CCE+00 0.00000E+00 0.0000QE+CD C.Q0000E+D0 0.00COOE+OD 0._DCOCOE+QQ
6+ C.00000E+00 0.00000E+DO 0.000C0E+QQ 0Q.00000E-00 0.00000E+0D0 0.00000E+00 0.D0D00E+0Q0 0. 0GOUJOE+DC 0.0C0C0E~0Q0
7} ©.00000E+00 0. 0CGOOYE+D0 0.00000E+C0 0 .0000CE+Q0 0.00000E+00 0.00C00E+DD C.00000E+0D 0.00000E+00 0.00000E~Q0
8} 0.D00OCE+Q0 0.0C000E+D0 0.00000E+QO Q.0000CE+00 0.00000E+CO 0.00000E+00 0.00000E+Q0 0.0000CE+QD 0.00000E+00
9}  0.00000E+00 0.000QJE+DO 0.000CDE+DO 0.00000E+00 0,00000E+C0D 0.00000E«0D 0.00000E+D0O 0.00000E-00 J.0000CE+00
107  0.00000E+DQ 0.00000E+00 0.00000E+00  O.00000E+00 C.00000E+0Q 0. GO0C0E+OD 0.00000E+DD 0.00COCE+0D 0. 0000CE+0QJ
11) 0.00Q00E+00 0.00000E+0QD 0.00000E+Q0 0.00000E+00 C.00000E+00 ¢.0C0GOE-00 0.0C000E+CC 0.00000E+0D 0.0000CE+OD
12} 0.00000E+00 0. 00000E+00 0.00006E+00 0.00000E+Q0 0 .00000E+0CO 0.000CDE+CD 0.00O00E+DC 0.00D0DCE«CD 0.0000CE+00
137  0.00000E+DO 0.00000E+D0 0.00000E+Q0 0.00000E+00 G.00000E+00 0. 000C0E+OD 0. 00000E+00D 0.00000E«QD 0.00000E+00
14} 0, 00000E+00 0.0CG0DJE+00 0.00000E+Q0 0 .00000E+Q0 G.00000E+00 0.00000E+Q0 0.0C000E+0QD 0.0000CE+«QD 9.00000E+O0
15} ©.DOODCE~+O0Q 0.00000E+Q0 2.0000CE+00 0. 00000E+00 0. 00000E-00 0.CO00CE-QOD 0.000OQE+DD 4. 00080E+QD 0.00000E+DY
MgCl2.EH20__ Na2Mg(S0O4}2.4 Mg{OH}2____ Na6CQ3(S04)2_CaCO3___ CaCl2.4H20____ Ca4Cl2(QH)&.1 Ca2Cl2(OH)2Z.H KMgCl3.6H20__
1)  ©,00000E+00 0 .DOCOOE+DD 0.00000E+DD 0.00000E+00 0. C0000E+00 0.0000CE+00 0.00000E+00 0.000C0E+DO 0.00000E+D0
2) 0.CO000E+D0 0.00C00E+CD 0.00000E+Q0 0 .00000E+00 ©.00000E+00 0.00000E+00 0.00CO0E+00 0.000C0E+DO 0.00000E+00
3} 0.00000E+00 J.00000E+00 0.0000CE+00 0.00000E+0Q 0.0000QE+00 0.0000CE+00 0.0C000E«D0D 0.000DOE«OD 0.00000E+0DQ
4} 0.00000E+C0 0.00C00E+UD ©¢.00000E+DD 0.0DO00DE+DO 0.0000VE+DD 0.00000E+D0 0. 00000E+00 0.00000E+DO 0.900000E+00
S5} 0.00000E+CC 0.00000E+00 ¢, 00000E+0C C.CO0Q00E+CD 0.00000E+O0 0.00000E+00 Q.00C0JE-00 0.00000E+00 0.00000E+0C0C
6) 0.CDOQOE+GEH 0.0000GE+Q0 0.00000E+D0 . 0000DE+00 0.00090E+0C 0.00000E«00 0.00C00E«D0 0.00000E-DD 0.90Q000E~D0D
7} 0.00000E«0QC 0.0000CE+DC 0.00000E+CC 0. 00000E+CD 0.0C000E+QD Q.00000E+C0 Q.00000E~0QD C.00000E+00 0.00000E+00
8) 0.CG00Q0E+Q0 0.00000E+QQ 0. 00000E+CO 0.0C000E-CO 0.000OCE+OD 0.C0D00E+CO 0.0000CE+00 0.0C00DE+CD 0.00000E+DD
9) 0.00000E+0C 0.00000E+D0 0.00000E+CQ0 0.00000E«0C 0.00000E+Q0 0.00000E+C0 C.00000E+00 C.0CO0DE+GD 0. 00CJ0E+00
10)  0.00000E+00 0.00000E+D0 D.00000E+00 0.00000E+00 0.00CCOE+00 0.00000E+C0 0.00000E~Q0D 0.0CO00DE+CD 0.COCO0E+QD
11y 0.0CDD0E-D0 0.Q0000E+DQ 0.00000E+00 0.0DODOE+DC  0.DOGOCE+Q0  0.00000E+QD 0.00000E+D0 0.00000E+COD C.COC00E+0D
12} 0.00000E«DO 0.Q0000E+00 0.00000E~00 0.00000E+00 0.00000E+00 0.00000E+0C C.00000E+00 0.00000E~00 0. C00COE+DO
i3)  0.DOOQOE+QD 0 .00000E+00 0.00000E+QD D.00000E+DD 0.00000E+00 0.00000E+00 0. 00000E~Q0 0.CCO00E-00 0.D0000E+00
14) 0.0GGODE+0D 0.00000E+00 0.000Q0E+00 0.00COQE+DO {.00000E+00 0.00000E+0D C.000D0E+0Q 0.00000E+0D 0.0C0C0EDO
151 0.0RQ0QE+DO 0 .00000E+00 0.60C00E+DO 0.00C0JE+QD 0.00000E+00 G.00C00E«00 0.00000E+QD 0.00000E+QQ 0.00000E«00
MgS04.7H20___ CaNa2(C03)2.5 Na2Ca{S04}2__ CaSD4.2H20___ NaCl_. . . MgSO4.6HZ0___ KMgCLSO4.3H2C KHCO3___ __  MgSO4.H20____
1) D.0QDOQE+00 0.00000E+0Q 0.C0000E-Q0 0 .00000E+QO 0.00000E+D0 0.GOO0LE+OD 0.00000E+00 0.0C000C0E+0D 0.00000E+00
2) 0.D0DDOE+DO 0.Q0000E+00 0.C0000E«Q0 0.000GGE+D0 0.00000E+QD ©.00O0C0E+QD 0.00Q00E+DD 0.0000CE+QD 0._000D0E+QY
3) 0.00000E«DQ 0.00000E+00 0.00000E+DC  0.00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+Q0 .0000GE+0D 0. 0000RE+QQ
4)  0.DODDOE-+QO 0.Q0QD00E+00 0.000C0E-00 0.00000E+Q0Q 0,00000E+00 0.00000E+DO 0.00000E+CD 0.0000CE+CD 0.000D0E+CO
5] 0.0DO0OE-0D 0. DOODDE+G0 0.000C0E+DD 0.0000CE+00 0.00000E+DD 0.0000CE+QQ 0. 00000E+DD 0 .00000E+Q0D 0.00000E+GD
6) D.0ODDQE+DO 0.00000E+00 0.000COE~Q0 0.00000E+Q0 0.C0000E+00 0.00000E+0Q 0.0C090E+00 0.000C0E+00 0.00000E+D0
71 0.0Q0Q0E+GO 0.00000E+00 7.000C0E+00 0.00000E+00 0.00000E~D0 0.0000CE+00 0.0GC00E+00 Q.00000E«00 0.00000E+C0
8) 0.00C00E+DD G.0Q000E+00 0.00000E+00 0.00000E+00 0. C0000E+D0 0.0000GE+D0 0.00C00E+00 0.00000E+00 0.00000E+00
91 0.0CG00E+0D 0. 00000E+CD 0.00000E+Q0 0.0Q0000E+00 ¢.00000E~0D0 0.00000E+00 9.00000E+00 0.00000E+00 0.00000E+00Q
1617 0.DCGDOE~DD G.00000E+00 0.00000E+Q0 0.000D0E+00 0.C00DOE+D0 0.00000E+0D 0.000COE+DD 0.00000E+00 0. D0CO0E+CO
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11) 0.0000CE+Q0 0.DCOOOE+DOD 0.00000E+00 0.00000E~Q0 0.00000E+0D 0.00D0CE+QD 0. 00000E+00 Q.0000CE+00 0.00000E+0C
12} ©.00000E+00  0.000COE+D0  0.000Q0E+00  0.00000E+00  0.000QDE+CO 0.00000E+C0  0.00DODE+00  0.0000CE+00  0.0000QE<CD
13) 0.00ODOE«DD 0.000COE+00 C.00Q00E+0D 0.00000E+00 C.00000E+0D 0.00000E+08 0.00000E+00 0.00000E+00 ¢.00000E+D0
14) 0.0DO00DOE+00 0.00000E+DC 9.0000GE+C0D 0.00DO0E+DC 0.00000E+00 0.000COE+G0 0.00000E+GC 7.QGG0GE+G] &, GOQOOE+G0
15} 0.00DOCE+Q0  0.QCCOOE«DO  0.00OOCE+00  0.00000E+QC  0.00000E+00  0.DROCOE+DD 0.00000E«Q0C  0-Q0C00E+00  9.00000E+00

K2Mg (S0412.4H NadCa(S0413.2 MgCo3 MgECL(OH} 3. 4H KHS04 Na2S04.10H20_ KBHE{S04)7___ NaHCO3_..__  Na2C0l,10H20_
1] 0.00000E+00D Q.00000E+00 ©.00000E+00 0.20000E+0OD ¢.00000E+00 0.00000E+00 0.00000E+00Q Q.000COE=Q0 0.00000E+00
2) 0.0C000E+QC 0.00000E+00 0.03CY0E+OC 0.00000E~00 0. DODDOE+OC 0.00000E+Q0 ©.00000E+00 0.000C0E+0D 0.0C000E+0C
3]  0.QOGCOE+00C  0.DOCODE+Q0  0.00OCOE<CC  9.00000E+00  ©.0Q000E+0C  0.00000E+00  0.00000E+00  C.O0Q00OE+00  0.0COOQE+Q0
$) 0. GDQODE+DO  0.00CCUEs00  0.00C00E+GG  ©.00000E+00  0.0DOOOE+00  0.0DDODE+00  0.00000E+00  ©.00000E+0C  ¢.000DQOE+00
S) 0_.00000E+00 0 .00000E+DO C.00000E+00 0.0000QE+Q0 0.00000E+C0 0.00000E+00 0.0000QE+00 0.00000E+00 0.00000E~00
§) C.00000E+GC  0.0000CE+00  0.00000E+00  ©0.00Q0OE+D0  0.000DOE+0O0  0.Q000CE+0Q  0.00000E+00  Q.00BOOE+00  ©.80000E-00
7} 0.Q0CO0E+DC  0.0O00DE+00  0.GOOOOE+CO  0.Q00OCE+00  ©.00000E+00  0.00000E+0C 0.00000E+00  &.000COE+D0  ©.CO0D0DE+00
8) 0.00000E+00 0.000D0E+00 0.COOROE+DD 9. 0000CE+Q0 0. 00000E~00 0.00000E+00 0.09000E+00 0.00000E+CD 0.00000E+00
2} 0.000C0E+00 0.00000E+J0 0.00000E+00 €. 00000E+D0 0.CGOOQTE+D0 0.09900E+00 0. 0O000E-DD 0.30000E+DD ¢.C0000E+Q0
10} 0.00DCOE+00 0.C0000E+Q0 0.000C0E~D0 C.00000E+00 0.00000E+00 G.00000E+00D 0.COO00ESDO ©.00000E+00 (.0CODRE+QQ
11] 0.00DCDE+DD  O.GOODDE+CS  0.00000E+00  0.C0Q0QE+GC  0.0000CE+00  0.COCQOE+Q0  0.CODCOE+0Q C.COQQOE+00  0.0CODOE+00
121 0.00000E+CO 0., 00000E+Q0 0.00000E+00 0.00Q000E~D0 0.00000E+00 4.00000E+CC 0.00000E+0C 0.00000E+00 0.80000E+00
13) 0O.0000QE«OD C.00000E+QU 0.ROCOOE+OC 0.00000E+Q0 0.00000E+DO 0.00000E+CC 0.00000E+00 0.000C0E+QD 0.C000QE+00
14} 0.00CCOE+OC  0.00000E+00  0.CODDOEsDG  0.0000CE+00  0.0Q0QUE+00  0.00000E+0C  0.00000E+00  0.0000DE+DC  ©.000Q0E+00
15} 0.00000E+D0 0.00000E+00 0.QO000E-QC 0.00000E+Q0 0.C0000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00CQ0E+QD
MgCn3 . IH20___ F2My(S04)2.6H NaZCa(C01)2.2 K2MgCa2(SO4)4 CaloH)2____ K2C03.3/2H20_ KEH4(CO1)6.3H KNaCQ3 ,6H20,_ _ K2ZNaH(CQ312.2
1) 0.00000E~DO0 0.00000E+G0D 0.Q0QC0E+00 ©.GOO00E+CO 0.00000E+Q0 0.00000E~00 0.COQDOE+CO 0. 00000E+DD 0.00000E-00
2)  D.00OQ0E+CD 0.0000GE+QD 0. CGGOOE-CE &.00000E+GE 0.00DD0E+OD 0.CDDDOESOD 0.DODOCE+CD 0.C0000E+00 0.000DCE~00
3)  D.0DQODE+CD 0.00000E+00 0.00C00E+CD 0.D0000E+D0Q G.0000QE+00 {0.00000E+DC 0.00000E+0D0 0.00D0DE+CD ¢.QU000E+CO
4} 0.00000E+0D  O.00QOCE+00  0.CGO00E+Q0  0.000D0E+Q0  0.0Q000E+00  0.0D000E+00  0.D0O0O0E+D0  C.00DOOE+OC  0.00000E+0D
31 0.0CCOCE+CD 0.00000E+Q0 0.00000E+0C ©.9000CE+Q0 ©.C000DE+DO 0.00000E+0D C.00000E+00 0.00000E+00 0. 00000E+00
€} 0.00CO0E+DC 0.00000E+Q0 0.Q0000E~C0 0.90000E+00 0. C0Q00E+OD 0.000Q0E+DO G.CO000E+QD 0.000Q0E+00 C.00CCQE+QD
7)  0.0DOOOE+DO 0.0Q000E+00 0. 000COE+00 0.30000E~00 0.00Q30E+Q0 0. CH000E+DD 0.00000E+Q0 . 00000E+D0 0. 000CCE00
&) 0.000C0E-O0 0.00000E+0C 0. 00000E+0Q 0.CO000E+CO 0.00000E+Q0 C.COLOQE+DO 0.CQOCOE+DD 0. 00000E+00 0.00C0CE~0D
%) 0.000RAE+DD 0.00000E+CD 0.000CCE+00Q 0. C0R00E+OD 0. 00000E+D0 0.CCC00E+CD 0.00000E+CD Q.08000E+00 0.0C000E~00
10) 0.0QOODE+CE 0.000C0E+Q0 0.0CC0Q0E+0D 0.000C0E+O0 0.00000E+0C 0.00000E+00 9.00000E+00 0.00000E+CQ 0.J0000E+0C
11}  0.DCOQOE+CO 0.00000E«00 0.C0000E+CD 0.00000E+00 ©.00000E~00Q 0.00000E«00 0.00000E+0Q0 0.00Q00E+CO Q.00000E+00
12} 0.00CG00E+DO 0.00D00E+00 0.GOCOVE+CG0 0.0000CE+Q0 0.C0000E~00 0.00000E+00 6.00000E+00 0.00000E+0Q0 0. 0000QE+00C
13}  0.00CO0E+OC ©.00000E+00 0.00000E+00 0.90000E+00 0.C090CE+D0 0.9Q000E+00 0.00000E+00 ¢.00000E+00 0. 00000E+DO
14) 0O.0DDOOE+DC 0. 00000E+0D) 0.00000E+QC 0.90000E+00 0.0000GE+D0 0.09000E+00 C.00000E+00 ¢.00080E+00 0.0C0DOE+DD
15) 0.0DCOQE+OU 0.00000E+Q0 0.00000E+00 ©.00000E+30 0.00000E+00 0.99000E+00 0.00000E+G0 ©.00000E+0Q0D 0. 00CCOE+00
KIH(S0412__Se NaJH(SO4)Z___ NaJCO3.7H20 __ KC) K2Ca{S04)2.H2 Mg2CaCl6.12H2 Na2504____ Na2(CQ3 H20____ NalHICO3)2.2H
0.00000E+00  0.00000E+00  C.0G000E+00  0.0D00COE+00  C.0000QE+0C  O.00C00E+0C  0.000Q0E+00  0.00QCOE+GO  ©.0D0Q0E+CO
0.00000E+C0 0.00000E+00 0.{0000E+0D ¢.D00GOE+DD C. 0O000E~DC 0.00000E+00 0.90000E+00 0.00000E+CO C.00000E+00
0.CCQ0DE+DD 0.00000E~+00 C.DO0O0E+CE 0 .00000E+Q0 0. 00000E~00 0.00000E+0C 0.00000E+00 0.00000E+CD 0.00Q00E+00
0.CO00DE+DD 0.000C0E+00 0.Q0CO0E+CD 0.00000E+0Q 0.00000E+00 0.00000E+00C 0.00000E+00 0.00000E+C0O 0.00000E+00
0.00000E+00D 0.00000E+00 0.00C00E+0C {.00000E+Q0 0.00000E+00Q 0.00000E+00D 0.0C00QE+DD 0.00000E+00 0.00000E+00
0.CG0J00E+CD 0.00000E+Q0 0.00C00EO0 ©.00000E+00 0.CO000E+00 0.00000E+00 C.00OOOE+D0 G.00000E+00 C.CD0DDE+DD
0. C0000E+CD 0.00000E+00 0.00000E+00 ©.00000E+00 0.C00C0E+0D 0.00000E+00 C.CCOOOE+00 0.000Q0E+00 0. C0GODE+DD
0,000C0E+00 0.C0000E+QD 0.00000E+00 0.00D00E+QC 0.00000E+CD 0.000CQOE+00 0.00000E+0C 0.000D0E+00 0.00000E+0D
G .00000E+QOD 0.00000E+00 0.Q000CE+Q0 0.00000E+0C 0.00000E+00 0.000CCE+D0 0.000C0E+00 0.00000E+Q0 0.00000E+00
0.000COE+0D 0.0CO00E+QO 0.00000E+00 0.00000E+DO 0.900000E+0D 0. 00000E+D0 0.00000E+OC 0.0DOY0E+00 0.00000E+00
0.000C0E+Q0D 0.C0000E+00 0,00000E+Q0 0.00000E+00C 0.00000E+00 0.0000GE+0D 0.00D0DQE+DC 0.0CDO0E+QD Q.00000E+00
0.000CQE+Q0D 0.C000QE+DD 0.Q0000E+Q0 0. 00000E+D0 0.00000E+00 0.00DCDE+OD 0.00000E+OC 0.00000E+00 d.00000E+00
0.000C0E+DO 0.C0000E+D0 0.00000E+00 0.00000E+D0 0.00000E+0C 0.00000E+00 0.0D000E+Q0 0.000C0E+DD Q.00000E+C0
0.000C0E+Q0D 0.00000E+D0 0,00000E+00 0. 00000E+D0 0.00000F+00 0.00000E+0C Q.00000E+00Q 9.00000E+DD 0.00000E+00
0.0GO00E+QC G, 000C0E+00 0. Q0QG0E+O0 C.0GGO00E=GC 0.00000E+50 0. 00000E+0D 0. QDODDEDD 0.000DOE+DD 2. 0DOQ0E+CD
NazB407.10K20 B{OH)3 KB5O8 .4H20__ . K2B4O7.4H20__ NaBO2.4dH20____ NaBS08.S5H20__ WaBOZ.NaCl.2H
0.00000E+00 0.00000E+00 0.00000E«0C C.00000E+C0 0.00000E+00 0.000C0E+00 0.00000E+00
0.0C000E+CC 0.00000E+J0 0.00CCJE+QD 0.00000E+D0 0.00000E+DD 0.00000E+00 0.00000E+Q0
0.QC0QQE+00 0.00000E+CO 0.000COE+DD ¢.0C000E+0D 0.00000E+D0 0.00C00E+0Q0 0.00000E+00
0._QCO00E+CQD 0.00000E+CG - 0.000CGOE+O0 C.0C00DE+OC 0. 00000E+00 0.00D00E+00 0.000OCE+0C
0_cOCU0E+00 0.00000E+00 Q.00000E«0D0 C.GCO00E+DD 0.00000E+0Q 0.00000E+00Q 0. C0O0DE+Q0
0.00000E+00 0.00000E+00 0.000Q0E+00 0.00000E+Q0 0.CQ000E+00 C. 00000E+0D 0.00000E+D0
C.00000E+00 0.0000JE+00 G.DCOQ0E+00 0.00000E+00 C.CO000E-00 0.C0Q00E+00 G.00000E~00
0.Q00000E+00 0.000CCE+0QQ 0.0O0DOCE+CD ©.00000E+D0 ¢ .00000E+CD G.06000E+DD 0.00000E+00
¢.00000E+C0 0.00000E+00 0.00000E+00D 0.0Q0000E+GD 0. 0COCCE+OO C.C0000E+D0 ©.CO0COE+CD
0.Q0Q00E+C0 Q. 00000E+QD 0.00000E+QD 0.00000E+CG0 0.00000E+00 0. 0GO0OE+00 0.C000C0E+0D
G.00000E~00 0.Q00C0E+DD 0.00000E+DC 0.09000E+C0 0.00000E+D0 0.00000E~00 0.00000E+00
0.00000E+0R0 0.0000DE+00 0.00CG0OE+0O0 0. 0000DE+COD 0.00000E+00 0.000CCE+00 0.00000E+00
{J.000CG0E+OQ 0.00CUUE+GQ 0. Q0000E+D0 4. Q0000E+ G0 . QOLDOE+00 0. 000LOE+DD . 00000E+DD
0.00000E+Q0Q 0.00C00E~00 0.00000E+00 0.00000E+09 C.G000IE+QD C.00000E+00 0. Q0C0VE~+00
0.00000E+00 0.00C00E~Q0Q ¢.0C00Q0E+C0 0.0000CE+00Q ©.000C0E+0D ©.C0000E-00 0.COQDOE+DD
IcnicStreng Eh{=}Volts TitzVel,ml pH
5.61119E+0C0 0.00000E+0Q0 0.00000E+0C 5.3205
5.61031E+00 0.00CO0E+00 0.10000 5.6451
5.61008E+C0D 0.00000E+Q0 0.14251 5.9936
5.610058E+00 C.00000E+0C 0.20309 7.9427
5.61049E+00 ¢.00000E+00 0.28943 B.8722
5.61112E+00 0.00000E~0Q 0.41246 §.2225
5.61202E+400 0.00000E+QD 0.5878¢C 95,4695
5.61330E+00 0.C0GOD0E+00 0.82768 9.671%
5.61513E+00 0.00S00E+0D 1.1938 9.8493
5.61774E+00 0.00C00E+0D 1.7013 10.0190
5.82149E+00 0.00000E+O0 2.4245 10.158
5.62685E+00 0.00000E+QQ 3.4551 10.295%
13} 5.63455E+00 0. G0000E+DO 4.9239 10.424
14} 5.64559E+00 0.00000E+00 T.017¢C 10.545
15} 5.66143E+00 0.C0000E-00 10.000 10.65%
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Appendix S: Sample Output File “Np_NaCl_BM_LIN.TITRATE”
Benchmark TITRATE Problem, LINEAR option; Mp(VIO2 with €03 in 5.51molal Nagl FMT V2.0
< DATABASE: HMWB4/FWS6; Np(V)-Na-CO3-DH-CL-Clo4 (NR94):
> 85.01.31 AmiIII}-Na-Cl-C03-504-PO4 [(FRSRBY9,FRFS0, P31, RFFRY2, RFF94, RRFF34)
o Titrant Volwnes per Grid Block. in milliliters
o 1 0.000000 mL
. 2 9.100000 mL
® 3 0.200000 mL
4 0.300000 mi
. S 0.400000 mL
& 0.500000 mL
- ki 9.600000 mL
- B 0.700000 mL
9 0.800000 mi.
10 0.900000 mL
21 1.000000 mL
12 1.100000 mL
i3 1.200000 mL
14 1.300000 mlL
15 1.400000 mL
Titration Results, mclal
H20 Nar K+ Ca++ Mg+ MgOH~+ H+ Cl- 504=
i) 1.92928E+401 5_61057TE+Q0 C¢.0Q0002E+D0O 0.00000E+CD 0.00000E«Q0 0. 00000E+00 1.21872E-06 5.61Q96E+00 0.000C0E+Q0
2} 1.92978E+01 S5.61014E-00 ¢.00000E+DD Q.000C0E+CD 0.C0000E+QD 0.00000E+00 5.77346E-07 5.60993E+00 0.CO0CCDE~0D
3} 1.93027E+01 5,61000E+00 0. 000CRE+00 0.0000QE+00 0.00000E~00D 0.00000E+00 3.87609E-09 5.60892E+00 0.000C0E+00
4} 1.83077E+C1 5_61000E+0D 0, C000CE+00 0.00000E+00 0.CDODOE+QD 0.00000E+Q0 3.09202E-10 5.60789E+00 0.00000E+00
5} 1.83127E+01 5.61000E+00 0.0000CE+QD 0.0D000E+0D 0.000D0E+Q0 0. 000G0E+Q0 1.61951E-10 5 .60685E+Q0 0.0000CE+00
6% 1.53177E+Q1 5.61000E+00 0.C0000E+DC 0.000CDE+CC 0.00Q00E+0D 0.0Q00QE+CGD 1.10443E-10 5.60582E+Q0 0.00000E+00
7) 1.83227E+01 5.61041E+C0 0. COCO0E+0Q 0.00000E+00 0.0000QE+Q0 0.00000E+C0Q 8.42045E-11 5.6047%E+00 0.00000E+09
8 1.93277E+01 5.61001E+00C 0.CO000E+Q0 0.00009E+00 0.00000E+00 0.000C0E+QD §.82955E~11 5.60375E+00 0.00000E+0D
g1 1.53327E+G61 5.61001E+GC 0.80000E+D0 0. D0PODEDD 0.0DODOESDD 0. 0D00CE+OD 5.76161E-11 5.60272E+00 0. 00000E+00
10} 1.93377E+01 5.61001E+00 0.000C0E+DD 0.00GDDE+DQ C.00000E+0G 0.00C00E+OD 4.99485E-11 S.60169E+00 0.QGC000E+0Q
11)  1.93427+01 5.61001E+00 0.000C0E+DD 0.00000E+00D Q.CQ000E+00 0.00000E~QD 4,41741E-11 5.60066E+D0Q 0.COCOOE+DD
12) 1.93477E+01 5.61002E+00 Q.Q00000E+Q0Q 0.00C00E+00 0.CQ0DDE+DO 0.00C00E+QD 3.96673E-11 5.59962E+00 0.COCCOE+QD
13) 1.93527E+01 5.6100ZE+00 0.000C0E+DO 0.00000E+CY 0.G0000E+0D 0.00000E+00 3.60509E~11 5.59859E+DD 0.000CUE+DQ
14) 1.93577E+01 5.61002E+00 0. 000C0E+00 G.00000E+Q0 0.COQDOE+DO 0.CODOCE+QOD 3.30838E-11 5.59756E+00 0.000CCE+00
15) 1.393627E+01 5.61002E+00 0. 00000E+D0 0.000GOE+GO 0.COQQ0E-00 0.000C0E+O0 3.06048E-11 5.59653E+00 0.00000E+QQ
HS04 - GH- HOO3 - COl= CO2{aq) CacCil (ag) MglC3 (aq) BI{OH)3 (aqg) B{CH}4-
1) 0©.000C0E+COQ 3 .01685E-0GY 2.26571E-04 3.093B4E-08 3.BB103E-D4 0.90000E+00 G.O0000E+QD 0.00CCoE+DD 0.00000E+00
2) ©.0CGRDE+DD £.37D29E-D9 3.B2212E-04 1.101%6E-07 3.08476E-04 0.00000E+00 ¢.00000E+CD 0.000OOE+CD 0.00000E+0Q
3) 0.00CDOE+O0 5.49137E=-07 9.89705E-04 4_25167E-05 S.35072E-06 0.00000E~00 0.000Q0E+Q0 0.00000E+Q0Q ©. G0000E+Q0
4y 0.00QRQCE+00 1.19027E-05 1.01025E-03 5.44263JE-C4 4.36260E-07 0. 00CD0E+QD 0.00CCOE+OQ 0. 00000E+00 0.0C0COE+CQD
5) 0.00000E+00 2.27338E-05 1.02124E-03 1.05085E-03 2.30850E-07 0.00000E+Q0 Q0.00000E+OC 0.C0DODE+DD 0.000G0E+0Q
€) 0.00000E+QD 3.33488E-05 1.03174E-D3 1.55739E-03 1.58957E-07 {0.C00D0E~DD 0 .00000E+Q0Q 0.c000CE+00 0.000C0E+00
7)  0.00009£+00 4,37579E-05 1.04196E-03 2_06377E-03 1.22321E-07 {4.00000E+00 0.DODOCE+DD C.CO0DOCE+00 0.00000E+00
8) 0.000GOE+QQ 5.39719E-05 1.05196E-03 2.56997E-03 1.00104E-07 0.000G8E+Q0 0.00D0CE+C0 0.00DCOE+00 0.00000E+D0
$} 0.0Q00OE~QQ €.40010E-05 1.06176E-03 3.07597E-03 2.51877E-08 0.00000E+QO 0.00000E+CD 0.00000E+00 0.00000E+DC
10} 0.00000E+00 7 .3B545E-05 1.07138E-02 3.581758-03 7.44762E-08 0.00000E+D0 ¢.00000E+00 0.00000E+00 0.00000E+0C
11} 0.0000Q0E+00 8.35411E-05 1.08B082E-02 4.08730E-03 6.64082E-08 0.0000CE+D0 0.00000E+C0 0.000C0E+0D 0.00000E+00
12) 0.00000E+OQ 5.30687E-05 1.09010E-02 4.59262E-03 §.01101E-08 0.00000E+00 0.00000E+00 0. 000D0E+0DD 0.00000E+00C
13) 0.CDQQQE+0D 1,02445E-04 1.09323E-03 5.05770E-023 5.50552E-08B 0.00000E+00D 0.00000E+00 ©.Cc00DDE+00 0.00000E+Q0
14) 0.GDOCOE+DO 1.11676E-04 1.10B21E~0D3 5_60253E-03 S$.09071E-DE 0. 00000E+00 0.0000CE~+00 0.¢000CE+00 0.00000E+QQ
15) 0.0CO00E+00 1.2076BE-04 1.11706E-03 §.10711E-03 4.74407E-08 0.00000E+00Q 0.00000E+00 0.00C00E+Q0 0.00D0BE+0D
(migsing species have zero amounts)
NpO2+ NpOZ2CH [ag) NpO2 [OH) 2- NpO2COo3- NpOZ(CC312=- NpOZ (CO3)3==- Ame+s AMCO3+ Ami{CQ3)2-
1} 6.12705E-04 7.72186E-10 Z.04381E-16 1.331526E-07 1.%8384E-11 1.25197E-16 0.C0D00E+00 0.00000E+GO 0.00000E+00
2) 1.72085E-04 4.57B851E-10 2.55303E-16 1.33573E-07 7.06677E-11 1.58546E-15 0.0000QE+DO 0.0D000E+CC 9.00000E+00
3) 4.48247E-07 1.76BS5E-10 1.47303E-14 1.33612E-07 2.72677E~08 2.35800E-10 0.00COJE+DU Q.00000E«0C 0.C0DO0OE+00
£) 3_48770E-08 1.73300E-10 1.81034E-13 1.33632E-07 3.48878E-07 3.85T76E-G8 0. GIOOUE+GT 0. 00000E+GT a. d0a00E+GE
%) 1.B0727E-08 1.71468E-10 3.42173E-132 1.33651E-07 5.735247E-07 1.43575E-07 ©.00000E+CD Q. 00000E+00D 0.00000E+DC
6) 1.22C05E-08 1.63754E-10 4.97012E-12 1.13671E-07 9.57249E-07 3.14830E-07 0.00000E+C0D 0.00000E+00 0.00000E+C0
7} 9.2113BE-09 1.68120E-10 6,.45975E-13 1.336S0E-07 1.32081E-06 5.51937E-07 0.00000E+00C 0. 0000D0E+CO 0.00000E+00
8) 7.40067E-09 1.66353E-10 7.89467E-13 1.33710E-07 1.64391E-06 8.544B4E-07 0.G0000E«D0 0 .00000E+0¢ 0.00000E+00
§) 6.18630E-0% 1.65048E-1C 9.27855E-13 1.33729E-07 1.96653E-06 1.22205E-06 0,0C000E+00 0.00000E+Q0 0.C0000E+00Q
10) 5,31533E-0% 1.63595E-10 1.06147E~12 1.33749E-07 2 .2886BE-06 1.65423E-0€ 0.0C0U0E+DD 0.00000E+00 0.00000E+00
11) &.66D017E-D9 1.62195E-10 1.19063E-12 1.3376BE-0? 2.61033E-06 2.15059E-0D6 4. 00080E+00 0.00000E+D0 0.C0000E+QD
12) 4.14545E-0% 1.60844E-)0 1.31559E-12 1.33788E-07 2.93150E-06 2.71Q072E-06 0.00000E+00 0.00008E+00 C¢.CORCOE+0D
13)  3.74015g-09 1.59537E-10 1.43661E-12 1.33BQ97E-07 3.25216E-06 3.33418E-08 0.00000E+0Q 0.00000E+00 0. 00000E~QQ
1d) 3.40480E-09 1.58274E-10 1,553%2E-12 1.33827E-07 3.57233E-06 4.02056E-06 C.00DO0E+DD 0. CC0GDE+00 0. 0D0OGE+DD
15) 3.12502E-09 1.57050E-10 1.66773E-12 1.33846E-07 3.89199E-06 4.76942E-06 0. 00000E+D0 0.00000E+00 0.000Q0E+00
Am{CO3) 3=~ Am (OH) 2+ Am(OH) 3 (ag) The++++ U02Z++ NpO20H (aged) _ NpO20H (amor)_ NaNpO2C0li{s)_ NaiNpO2 (CO312
1) 0.00000E+Q0 0.00000F+D0 0.0C000E+0D 0.0000CE+QD 0.00GOCE~CD 0. 0C000E+0G 0.00000E+00 9.99932E+00 0.00000E+00
2)  0.0000C0E+00 0.000D0E+0D 0.0CO00E+OD 0.00000E+0Q0 C.Q0C00E+DD 0.00000E+00 Q.00000E+0C 9.99718E+00 0.0DDOCE+Q0
3} Q,000COE+Q0 0_00CODE+DD 0.00000E+00 0. QQ00CE+O0 0 .00000E+DO 0. 00000E+QD {.00000E+QQ %.99481E+00 0._00DODE+OC
4)  0.000C0E+GD 3.00000E+00 0.00000E+QQ 0.C0000E+00 0.00000E+00 0. 000C0E+0D0 0.00000E+DD 9.99222E+00 0.00000E+00
i 5} D.00QCO0E+CO 0.00000DE+00 0.00000E+CC 0.00000E+00 0.00000E+Q0D 0.000CCE+DD 0,00000E+00 9_92964E+D0 Q.0000DE+CO
<l 6) 0.0Q0QDE+QD 0.00C0CE+DD 0.00C00E+00 0.00C0DE+DD 0.0000Q0E+Q0 7.00000E+00Q 0.00000E+CO 9.98705E+C0 0.00000E+Q0
" 7)  0.0000DDE+DD 0.D00CDCE+DD 0.00C00E~00 Q. QO00DOE+CD 0.00DD0OE+Q0 0.00000E+DT 0.c0000E+DO 9.98446E+00 0.00000E+00Q
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Appendix S: Sample Output File “Np_NaCl_BM_LIN.TITRATE"

§) 0.00000E+D0  0.000DOOE+00  0.0CDOOE+GC  0.0DCOOE<0C  O.0DODCE+0D  0.00000E+00  §.0O0D0OE+0D  9,98188E+00  0.0CODOE+D0
9) 0.00000E+00  0.0000DE+G0  0.00000E+00  0.00CO0E«00  0.0GODOE~00  0.00000E+00  ©.0CO0OE+00  9,97930E+00  G.CODOOE+DD
%o 101 G.000U0E+00  0.00000E+0C  ©.00000E+C0  0.0CCOQE-0C  0.CODOCE+00  0.00000E+00  0.000D0E+D0  9.97672E+D0  ©.GOCOOE+00
¢ 111 ©0.CO0UCE+0C  0.00000E+CO0  ©.00000E+00  0.00000E+00  0.00O0CCE+O0  0.00000E+D0  ©.DDOOOE+00  9.97413E«00  ©.CDOGOE+00
~:  12) 0.0000DE+00  0.00000E+00  0.COOODE+00  0.0CCO0E+00  0.0BOO0E«OD  0.00000E+DD  0.00000E«00  9.971S6E<00  C.00000E+00
£ 131 0.00000E+0GC  0.00000E+00  (.00000E+00  0.0C000E<00  0.G0000E+00  0.000U0E+DC  0.0D0000E+DC  9.9689E+00  C.DODQODE-DO
Y 14} 0.0000CE+GO 0.000C0E+Q0 0.00000E+00 G. 00OOQE«00 0.C0000E+DD 0.00000E+0C 0.00000E-00 9.96640E+00 0.D0000E-DD
15) 9.00000E+CC 0.00000E+00 ¢, G00D0E+Q0 G, D0QO0E+DO 0.00000E+00 U.00000E+00 0.0000CE«00Q 9.95382E+00 0.00000E~00
{missing species have zers amounts)
R IconicStreng Eh{=]Volts Titrvol,ml pH
N 1) 5.61119E+00 0. 0000QE+QQD 0.00000E+Q0 5.320%
23 5.61031E+00 0.CCOOQE+QD 0.10000 5.6451
3) 5.61004E+00 0.CCO00E~0D 0.20000 7.8183
4) 5.61055E+00 0. 0G000E+Q0 0.30000 g.5167
5] 5.51108E+00 0.0G0O0E+00 0.40000 §.1977
6) S5.61157E+00 ¢.COGDO0E+QD 0.50000 5.3641
7) 5.61208E+00 0. 08000E+00 0.60000 9.4821
B) 5.61259E+00 0. 00000E-0C 0.700800 5.5733
S) %.61310E+00 0.0GODQE+00 0.80000 5.6472
10) 5.61362E+00 0.00000E+00 0.S0000 9.708%
11} 5.61413E+00 0.00000E+00Q 1.0000 5.76831
o 12} 5 .61464E+00 0.00000E+QD 1.1000 5.8100
e i3 5.61518E+00 0.00000E+00 1.2000 9.8517
y 14) 5.61567E+00 0.00000E+00 1.3000 9.8892
13 5.6161%E+00 0,00000E«CD 1.4000 9,9232
"W mr:".““‘h%ﬁ;

¢
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Appendix T: Sample Output File “"Np_NaCl_BM.TITRATE"

Appendix T: Sample Output File “Np_NaCl_BM.TITRATE”

Benchmark TITRATE Problem: Np (V)02 with €03 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWB4/FWHE; Np{V)-Na-CO3-CH-Cl-C104 (NRS4);
“95.01.31 Am{III)-Na-C1-C03-S04-PO4 (FRSRE9,FRFIC,PIL,RFFRIZ, RFFI4, RRFFI4)

Titrant Volumes per Grid Block, in milliliters
0.0040C0
.100080
.142510
. 160000
.180000
.203090
.220000
.240000
.260000
.283430
.4l124860
.587800
.193800
.455100
.0L0000

pRRRRRRRRRARARAR

"

Titration Results, melal

B0 Na+ K+ Ca++ Mg++ MgOH«+ H+ <l- 504=
1) 1.9252BE+01 S.61057E+00 G.0000CE+DQD 0.00000E+CO 0.00000E+00 0.GOCOQE+CO 1.21872E-06 5.61086E+00 ©.00000E+00
21 1.32978E+01 5.61014E+00 0.00000E+00  0.00000E+00 0. 00000E+00 0.0C0000E+CO 5.77346E-07 5.60933E+00 ©.00000E+CO
3) 1.92899E+D1 S.61003E+00Q 0.0000CE+Q0 0.00000E+00 0. 00000E+00 C.COC0UE+CO 2.58B15E-07 5.60%50E+00 0.00000E+00
4) 1.953007E+01 € .51001E+00 0.000008+00 0.00000E+00 0.00000E+00 C.CCROQE+0OD 1.48381E-07 5.60833E+00 0. 00000E+0D
51  1.93017E-01 5.61000E+00D 0.00000E+00  0.0000DE+00Q 0.00000E+00 0.00C0DE+GO 5.09374E~DB 5.60513E+00 0.00000E+00D
§) 1.93029E+D1 5.61000E+00 0.00000E+C0 4. 00000E+00 0.00000E+00 C.C0CGO0E+COD 2.91107E-09 5.60885E+00 0.00000E+00
71 1.93037E+01 5.61000E-00 0.000CGCE+00  O.00000E+00 0.0000Q0E+00Q 0. COCOYE-DO 1.1B&55E-09 5.60872E+00  0.00000E+CC
81 1.93047E+01 5.61000E+00 0.0000CE+00 0. 00000E+00 ©.00000E+00 0.C0000E+00D 6.93877E-10 5.60851E+00 0.00000E+0D
9)  1.93057E+01 $.61000E+00 0.000CCE+QQ 0.00000E+00 C.00000E+0Q C.C0000E+QC 4.89995E-10 $.60830E+00 0.00000E+00
101 1.93072E+01 S.61000E+Q0 0.00000E+00 . 00000E+Q0 2. 00000E+00 0.00000E+00D 3.42501E-10 5.60800E+00 0.00000E+CD
11y 1.33133E+01 5.61000E+Q0 2.Q00QC00E+00 0.00000E+00 . 00000E+D0 0.COGODE-CO 1.52981E-10 5.60673E+00  0.00000E+00
12y 1.83221E+01 5.61001E+00 0.00DCCE+0Q  0.00000E+00 0. 00000E=00 0.C0C0DE+CO B.66958E~11 5.60491E+00 9.00000E+00
13) 1.83524E+01 5.61002E+00 0.0000CE+00  0.00000E+00 C. 00000E+C0 0.00000E+00 3.62542E-11 5.59866E+00 0.00000E+CD
147 1.34655E+01 5.61007E+00 0.00000E+QQ  0.000DDE+0D 0. 00000E+CD 0.C0G00DE-CO 1.31074E-11 5.57548E+00 0.000Q0E+00
151 1.9793CE+01 5.610315E+00 0.00000E«00  0.00000E+0C C.00000E+CD 0. CROCDE-CO 5.83272E-12 5.50585E+00 0. 00000E+00
HE04- OR- HCO3- CO3= <02 (aq) Caco3 {aq} MgCOo3 (aq} B(OH) 3 (ag) B(OH) 4-
1) 0.00000E~00 3.01685E~09 2.26571E-04 3.03384E-08 3.86103E-04 C.CCODOE~CO 0.C0O0CE«OC  0.00000E+00 0.00000E+CD
2} 0.09000E+00 £.37029E-09  3.B2212E-04 1.10196E~07 3.0B475E-04 0.0600VE+DO 0.00000E+0C  0.00C00E+Q0 C.00000E+C0
3) ©0.D000CE+Q0 1.42122E-08 5.798%4E~04 3.72976E-07 2.09764E-04 C¢.0GC0DE-CO 0.00000E~DC  O.00000E+00 0.00000E+00
4}  0.00000E+COD 2.47909E-08 7.06447E-04 7.92644E-07 1.46506E~04 0.0C0CDE+O0 0.0CO00E+00  0.00000E+00 0.00000E+00
51 0.00000E+0QQ 7.22202E-08 8.74979E-04 2. 860Q4E-06 6.22872E-05 0.0C0C0E~DD 0.00C00E+QD 0.00D00E+D0 C.00000E+CO
€1 0.Q00DDE+D0 1.26371%E-06 9.92658E-04 $.67805E-05 4.03803E-06 0.000COE+0D 0. 00000E+Q0 0.00000E+00 0.00000E~DD
7)1 ©0.000CCE+QO0 3.09556E-06 9.99205E-04 1.39937E-04 1.65938E-06 0.000C0E+00 0. 00080E+00 0.00000E+C0D 0.000C0E+OD
81 0.C000DE+00 5.30281E-06 1.C0274E-03 2.40670E-04 9.72059E-07 0.00000E+00 .0000QE+00 0.00000E+00 0.0000CE+0D
9} 0.CQ00QE-D0 7.50984E-06 1.00546E-03 3.41763E~04 6.88224E-07 0 .000C0E+00 Q.0000CE+0Q0 0.00000E+0C 0 .00000E+00
101  0.COQQOE+D0Q 1.07451E-05 1.00903E-03 4.90734E-04 4 .82685E-07 0. 00000E+GQ 0. 00000E+00 0.00000E+DO 0 .00000E+0D
11} 0.0000QE+QD 2.406B1E-05 1.02256E~03 1.311397E~03 2.18331E-07 0.00Q00E+00 0.00000E+00 0.0000CE«DO 0.000Q00E+00
12}  ©.00000E+QD 4.24987E-05 1.64073E-03 2.00200E-03 1.25799g-07 0.00000E+D0 ©.00000E+C0 0.CO0D0E«0D 0 .00000E+DD
13y 0.CO0OCE+QO 1.01B6B8E-G4 1,09867E-03 5.06639E-03 5.533%5e-08  0.000C0E+DD 0.30000E+00 0. 000CCE+DD 0.00000E+00
14}  0.CO0000E+DQ Z.84255E-C4 1.27533E-03 1.64154E-02 2.29199E-08  0.00000E+00 0.00000E+D0 0.0DOCCE~DO 0 .00000E+00
15} ©.00000E+DCQ §.55397E-04 1_&3010E-03 4.83971E-02 1.25492E-08 0.00000E+00 0. 00000E+00 0.00000E+00 0.00000E+00
{missing species have zerc amounts)
NpO2+ NpO20H (ag) NpO2 (OH) 2- NpC2C03- NpO2{C0312=- NpO2{CC3)I==- Am+++ AmCO3+ Am(CO3)} 2-
1) 6.12705E-04 7.72186E-10  2.04381E-16 1.32326E-07 1.98384E-11 1.25197E-1¢6 Q. C0D00E+DQD 0.00C00E+00 0.00000E+0D
2} 1.72085E-04 4.57851E-10 2.55903E-18 1.33573E-07 7.06677E-11 1.58546E-15 0.0GCOO0E+0L  0.0000Q0E+DQ  0.00000E+CQ
31 5.08524E-05 3.01827E-10 3.76382E-16 1.33581E-C7 2.39193%E-10 1.81536E-14 0.0C000E+DC  O.0DOQOE+OQ 0.00Q0CE+00
4) 2.35307E-05 2.47753E-10 5.318926E-16 1.33598E-07 5.08355E-10 8.19789E-14 0.00000E+D0  0.00000E+0QQ C.CGODDOE+QD
5) 6.63303E-06 2.00045E-10 1.267€9E-15 1.33606E=07 1.83431E-09 1.06720E-12 0.00000E+00  0.D0000E+Q0 0.G0CO0E+CO
5} 3.34150E-07 1.7634GE-10 1.95555E-14 1.33613E-07 3.64151e-08 4.20537E-10 0.00000E+00 9.00000E+00 0.C0G00E+DD
7} 1.38537E-07 1.7519C8E-10  4.7588VE-14 1.33616E-07 8.97771E-C8 2.55580E-D9 0.00CD0E~Q0 0.00000E«D0 0.COQDOE«CC
8) 7.88495E-08 1.74579E-10 B.12402E-14 1.33620E-07 1.54320E-07 7.55070E-09 0.00C00E+D0 0.00000E+00 0.C0C00E«DC
9) 5.55313E-08 1.74113E-10 1.14749E-13 1.33624E-07 2.19119E-0% 1.52213E-08 0. 00C80E+O0 §.00000E+0D 0.00000E+D0
10} 31.BE794E-0B 1.73507E-10 1.63619E-13 1.33830E-07 3.145828-07 3.13678E-08 7.000CQE+D0 0.00000E+Q0 0.00000E-00
11) 1.7045%6E-08 1.71249E~10  3.61801E-13 1.33654E8-07 7.13640E-D7 1.61308E-Q7 0.00000E+00 0.00000E+0C  0.D00COE+00
12} 9.49502E-09 1.68316E-10 6.28103E-13 1.33688E-07 1.28136E-D6 5.19497E-07 0.00000E+00 0.00000E+00D 0.000C0E+D0
13) 3.78315E-08 1.39617E-10 1.42922E-12 1.33808E-07 3.2323GE-06 3.29369E-06 0.0000CGE+00 ¢.00000E+0D0 0.0000CE+DQQ
14) 1.1743ZE-0% 1.38078E-10 3.46327E-12 1.34242E-07 1.03462E-05 3.32871E-05 0.00000E+C0 0.C00C0E+D0 0.00000E+00
15) 4.11022E-10 1.09291E-10 6.38945E-12 1.35468E-07 2.94209E-05 2.585%46E-04 0.0000CE+00 0.0CO0DE+00 0.00000E+00
Am(CO3) 3=~ Am{CH) 2+ Am(CH) 1 {aq) These+s UO2++ NpO20OH (aged}_ NpOOR({amor)_ NaNpO2CO03{s)_ Na3INpO2(C03)2
1) 0.00000E~D0 0.00000E+00 0.00000E+D0  O.0DOOCE+Q0  0.00000E+00  {.00000E+0C ¢.CLO00E+DO 9.95932E+00  C.00000E+00
2)  G.00000E+00 0.00D00E+Q0 0.00000E+0Q0 0. 00CGCE+DO 0.00000E+00 ¢.C0000E«QD ©, 0QUD0E+00 9.99716E+Q0 C.00000E+00
3)  Q.Q009QE+QQ 0.00000E+0Q 0.00000E+0D 0. 0DOCRE+D0 0.0000DE+Q0Q C.CO0O0E+COD 0.00000E~00  9.99622E+00 0.C0CD0E+GD
4) {.00000E+00 G.00000E+0D 0.C0000E«D0 0.000C0E+DO 0.00000E+Q0 0. CGRODE+CD 0.00000E+00 9.99580E+00 0.0CC00E+QOD
5y 0.00000E+00 0.00000E+00 0.00000E+0D 0. 000C0E+GD G.Q0DQOE+00 0.CCO0DE+DD 0. 00DO0E+QD 9.99531E+00 0.CODOOE«CD
§)  0.00000E+0Q 0,00000E«0D 0.C0000E+00 0.00000E+QY 0. 00000E+00 0.0C000E+DD 0. 00CO0E~T0 9.99473E+0Q 0.0C0COE~DD
Ty 0.00000E+00 0.00000E+00 0.00000E+DD 0. 00000E+0D 0.00000E+00 0.0C0C0E+QD 0.000C0E+00 9.99430E+00 0.00000E+00
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8] 0.00000E+CO  0.00000E+DC  0.00000E+00  0.00000E+00  ©O.00000E+00  O.000D0E+00  O.CODODE+00  9.99378E+00  0.0D000E+0D
9) 0.0DODDE+GO  C.0000QE+DC  0.0DOOOEs00  0.00000E+00  O.COOQOE-00  O.00000E+00  0.C0D0QE+00  9.99326E+00  0.00000E+0C
107 0.00000E+C0  ©.00Q00E+00  0,00000E+00  0.00000E+D0  0.00000E+00  0.00000E+00  C©.00000E+00  9.99250E+00  O.00000E+CD
11} 0.0DOOOE+0C  0.00000E+00  0.00000E+D0  0.00000E+Q0  0.00Q00E+00  Q.00000E+00  C.00000DE«DC  9.9B8931E+00  0.00DODECC
121 0.DOOODE+O0  C.00000E+0D  0.GOOOCE+00  0.00000E+00  C©.00000E+O0  0.00000E+00  ©0.C0000E+O0  §.9B478E+00  0.00000E+00
13) ©0.C0Q000E+GC G .00000E+0D 0.00000E+00 0.00000E+00 0.0000CE«00 0.00D00E+CD 0.CODB0E+DD 9.96914E+00 0.C00OCE+00
14) 0.0ODOOE«OD  0.00000E+DG  0.0D0DODCE~00  0.00000E+Q0  @.00000E+0C  0.00000E+C0  C.CGODOOE+OC  4.51117E+DC  0.C0CCO0E+80
15} 0.00000E+0O  §.00000E<DC  0.0000CE+00  9.00000E+00  0.00000E+00  0.00000E+0C  0.00000E+00 9. 74696E+00  0.CO000E+GO
{missing species have zeroc amouncs)
IonicScreng Ehi{=]Volts Titrvol,ml »H

1 5.86111%E+00 0.00000E+0Q ©.00000E«DQ 5.3205

2) %.61031E+00 Q,Q0000E+00 0.10000 5.6451

3 5.61008E+D0 0.000C0E+DC 0.14251 5.9936

£} 5.61003E+C0 0. 00000E+DD 0.16000 €.2353

53 5.61001E+00 0.00000E+00 0.18000 6.69%6

6) 5.61006E~00 0.0000CE-00 0.20309 7.9427

7y S.61014E+00 0.0000CE+OD C.22000 8.3317

8) 5.61024E+D0 0.Q0COCE+CD 0.24000 B._5655

9} S.61034E+00 0.0GOCOE+QD 0.26000 8.7168

10} 5.61049E+00 0.00000E+Q0D 0.28943 8.8722

1 5.61112E+00 0.00090E-00 0.41246 9.2225

12} 5.&81202E~00 0.0000CE+QD 0.58780 9.469%

13} 5.61513E+00 0.00800E+00 1.1938 9.8493

14y 5.62685E+00 0.00000E+00 3.455) 10,295

15} 5.66143E-00 0.0C000E~OC 10.0C0 10.659
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Appendix U: Sample Output File “Np_NaCl_BM_LOGMOLES"

Appendix U: Sample Output File “Np_NaCl_BM_LOG.MOLES”

| See Table 30 for explanation of this listing.

Benchmark TITRATE Problem. LOGIC optien: Npi(V)02 with €21 in 5.61lmolal Nagl FMT V2.0
DATARASE: HMWBL/FW86: Np!V)-Na-CO3I-ON-Cl-C104 [NR4);

95.01.31 Am{III)-Na-Cl-C03-504-PO4 {FRSR89,FRFI0, P41, RFFRY2, RFF94, RRFFY4)

INITIAL ané INJECTED Abundances BEFORE Flashing

Hydrogen
Oxygen
Sodium
Porassium
Magnesium
Caleium
Chlorine
Sulfur
Carbon
pesIon
Neglon
Alr

Boron
Bromine
TracerEl
ThIIV)
Am{III)
UIvI)
Np{V}
C104- (EL}
FPhosphorus
Electron
Charge

-11Q01736300E+02
.150B681500E+Q1
6100000C0CE+D0
.0G0000000BE+DD
.Q0CDQ000CCE+00
.00000000G0E+QD
6100000000E+0D
00C0000000E+CO
0000008100E+00
0000006G000E~+00
.0000000000E+0D
. 0000000000 E+00
0000000GUQE+D0
0004000000 E+O0
co00000000E+O0
G0OA000000E+D0
.COQ000000QE+0D
.G0000C0CR0E+QO
.000000000BE+0D
00000C0000E+DO
0000000000 E-DC
. 00000CEO00E+DD
.2204460500E-15

NODODOOOOOOOoOOCONAR OO OWMGR

NOOOHROOOQOOO0ODOOHAOUODDDR

L1101836300E+02
.0550868200E402
.5610000000E+01

GOCO000000E+QD
0CC00D0Q0CE+QD
0CC0000000E+00
£110000000E+00
0G00000000E+0D
000000C000E+CL

.00Q0000000E~00
.00000000Q0E+DD
. 0000000000E+DD
. 0DDJ00DCQUE+DD
. C000000000E+DD
.00C000000CE+00
.000000000CE+DD
.0U000D0COCE~-0D
-GC0OOQODENOE+DL
.0C0D00000CE+DL
.00000000O0E+OD
.0000000000E-00
.0000000000E+QQ
.3731663200E-15

INITIAL and INJECTER Abundances AFTER Flashing

Hydrogen 1.1101736300E+02 1.110183€6300E+02
Oxygen 6.1508681520E+01 1.0550862150E+02

z Sedaum 5.610000C000E+00 1.5610000000E~01

- Potassium 0.000000000QE+00 0.00000000GCE=DD

* Magnesium Q.0000000000E+00 0.00C000DCOCE+DD

- Calecium (. G000C0CGI00QE+GT 0.00000000G0E+CG

N Chlorine 1.6100000000E+00 5.6110000000E+C0
Sulfur 0. 0000000000E+00 0, 0000000000E+CH

- Carbon 2.0000000100E+00 1.000000G000E+CL

< posIon 0 .0000000000E+00 ©.000000C0C0E+0)

a NegIon 0.0000000000E+00 0. 000000CDCOE+OD

el Air 0.00Q00000000E+00 0.90000000C0E+DD

ol Boren ©.0000000000E+00 0., 00000000C0E~00

s Bromine 0._00000000Q0E+0D 0.00000000C0E~DD

B TracerEl 0.0C00000CHQE+QD 0.0000000GOOE+DD

- Th(IV} 0.0G0000C000E+00 0.0000000C00E+0D

An(ITI} 0. 000Q000DBLE-D0 0.0DDODODODOESDD
u{vI 0.00000CG00DDE+DD 0.00000C0000E+CD
Np{Vv} 0.0000000000E~0C 1.0000000009E+01
Clo4- (EL) C.0000000000E+00 0.000000C000E+C0
Phosphorus . 0000000000E+00 C.00000000C0E+LD
Electron 0.CO000C0D0OE-QD 0.0000000000E+0Q0D
Charge -2.2204460493E-15  -2.3731663190E-15
INITIAL and INJECTED Conecs AFTER Flashing, molal -~
H2C WATER 5.5502535E+01 5.5509068E«01
Na+ Na+ 5.6100000E+00 5. 6l0612BE+0D
K+ K+ 0.0000000E+00 0.CQ0COD0E+CD roL
Ca++ Cas+ 0.0000COCE+O0 ©.0C0Q00OE+0Q
Mg++ Mg+« 0.0000000E+00 0©.Q000000E+QO :
MgOH+ MgOH+ 0.0000000E+00 C.00C0000E+Q0 s
He H+ 2.3992707E-12 1.21872S0E-06 B
Ci- ¢l- 1.6100000E+Q0 5.611D000E+00 -
S04= 804= ©.0000000E+00 D.D0COQQUE+D0
HS04- HSO4- ©.0000000E+09 ©.000C0C0E+DQ
OFH- OE~ 6.14B66486E-01 3.0168704E-09
HCO3- HCO3- 6.1466839E-03  2.2657297E-04
col= CC3=  1.9938533E+00 3_0938611E-08
02 fag) CO2{agl 2.3684963%E-09 21.BE106CS5E-04
Cal03 lag} Cac03 {ag) 0.0000000E+J0 ©.Q000Q0CUE+OC
MgTO3 (aq} MgCO3 lag) C.000000QE+00  ©.D000000E+0D
B(OH) 3 lag} B(COH}3 lagq) 0.0000000E+00 O.00DCOODE+OD
B{OH) 4~ B(OH)4- ©.00C0000E+00 0.000C000E+00

- B103 (OH) 4- B303(CHI4- 0.0000000E+00 0.G00CDO0E+QQ

B B405 {OH) 4= B4OS(CH)4= 0.00C0D00E+00 0.000C0DOE+QD

7 CaB{DR) &+ CaB{OH)4+ 0.0CCCO0QE+CGO 0O.CO00CO0E+Q0C

¥ MgB {OH) &+ MgB(CH}4+ 0.000DD00E-DD 0. CO000CDE+DD
By - Br- 0.000C000E+D0 0.00000GDE+D0Q
Clo4- perchlorate ClO4-  0.0000CQ0E+0C  0.00000C0E+00
NaCHtag}...... to.citrate . base.only 0.0000000E+0C ©.000000CE+00D
f2Cop T3 R to.titrate. acid.only D.DDODDODE+DD 0, 00DDDOPE+CD
HClod{aqQ) . .... ro.titrate _acid.only 0.0000000E+G0  0Q.QDODCGOOE+QQ
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Appendix U: Sample Cutput File “Np_NaCl_BM_LOG.MOLES”
T3 1=) o U POSITIVE.ION 0.0000000E+Q0 Q.0CCOQOCE+QD
NegIon.....----uoum.n- NEGATIVE.ION 0.C00000Q0E+00 0.000000CE+D0
PosIon!OH)iag)..... to.titrate . base 0.0000000E+CO0 O.0CCO0OCE+DQ
HNegloniag)........ to.titrate.acid 0.000C000E+CD O.0C0D00CE+D0
Tracer{agl..... consexvative. tracer 0.0000000£+00 0.C000000E+00
H3PO4 (ag) HIPO4 (agg) 0.0000000E+G)  Q.00QQ0Q0E+D0
H2PO4~ H2PQ4=- D.0COCOO0E«CD 0.000000D0E+00
HPOd= EPO4= 0.CCCCDO0E+CD 0O.CCOO0COE+CQD
PO4=- PO4=- 0.0000000E+C0 0.C000000E+0D
NpO2+ NpO2+ 0.0000000E+00 6.1270%20E-04
NpO20H (ag) NpO20H (aq! 0.00C6000E+GD 7.7213130E-10
NpO2 {CH} 2- NpO2 (OH12-  0.00C0000E+00 2.043B298E-16
NpO2C03- NpO2Q03- 0.000C000E+GO 1.3352733E~07
NpO2{C03}2=- NpD2{C03}2=- 0.0000000FE+00 1.9B83851BE~-11
NpO2(C03)3==- NpO2{C03})3==- 0.D0CG000CE+00 2.2519757E-16
A4+ Ame++  0.00CO000E+00 0Q.0000000E~00
AMCO3+ AmCO3+ 0.00C00Q0E+)0 0.00000C0E~QD
Am(CC3)2- Am(CO3}12- 0.0000000E+00 0.0000000E~00
AMICO2) 3=~ Am(CO3}3=- 0.00C0000E+00 0.DD000CDE+QD
Am{OH) 2+ Am(OH]2+ (.00C0000E+00 0O 0Q000COE+Q0
Am{OH) 3 {ag) AmiQH)3 (ag) 0.00CQ000E+00 0.0000000E+QD
Th++++ Th++++ 0.0000000E+CO  0.00000C0E+OD
U024+ UV(VIIC2++ 0.0000000E+00 0.00000DUE-00
NpO2OH Laged) NpO2CH aged) ©0.0000000E+00 ©.0000000E+00
NpQOZOH (amor) NpO2OH{amor) 0.0000000E+00 0.00000CQE+00
NaNpO2CO3 (s) NaNpO2C03(s) 0.0000000E+00 9.3393872E+00
Na3NpO2 (CCY}2{s)_DISABLED_DISABLED 0.0000000E+00 0,0000000E+0C
AMORCO3 (¢} — AMOHCCOZ (o) 0.Q000000E+00  0.0000000E+0C
AmiORI3(8) - meeAM{CH)3 (5} 0.0000000E+Q0 0.0Q000000E+00
NaAm(C03}2.6H20i(c) 0.0000000E+Q0  0.0000000E+0C
AmPO4 (c) AmPC4 (c)  0.0000000E+00 ©0.0000CQ0E~0Q0
CaSO4____ =~ = Anydrite 0.0000000E+0Q 0Q.QO0Q0C0QE+OC
NaK3 (504)2__Aphthitalite/Glaserite (.0000000E+Q0 0.0000C00E~+00
CaCl2.6H2C________~  Aatareticite O.0000000E+00 §.0000000E«00
[of 1aok] Aragonite 0.0Q00000E+D0 O©.000D000E~0C
K2504 Arcanite 0.0000D00E+QD 0O.0000C00E+00
MgCl2.6H20 Bischofite 0.0000000E+QC O QOQQ0OQE+OC
NaZMg(SC4)2.4K20___ _  RBloedite 0.0000000E+00 ©.0000080E+D0
Mg {OH]12 Brugite O.000000CE+0C 0©.000000QE+Q0
Na§CO3(S04)2_ . Burkeite {.0D000DOGE+0C 0.0000000E+00
Cacol Calcite O.0000000E+QC 0.0000000E+0QC
CaCl2 4H20 CaCl2_Tetrahydrite 0.000000CE+00 0.0000000E+0Q
CadCl2 (OH) 6., 13H20___Calxychloride A (.000000CE+0C 0.00CCDOCE+CO
Ca2C1lz (0H) 2. H20 Catwychloride B 0.00C0000E+00 0O.C0000C0E+D0
KMgCl3. 6H20 Carnallite 0.00CC00CE+0C 0.C0000C0E+0D
MgSC4 . TH2O, Epsomite 0.0000000E+00 0.0000000E+QD
CaNaz {C03) 2. 5H20, Gaylussite ©.000000CE+00 0.0000000E+00
Na2Ca(so4)2 Glayberite 0.0000000E+00 0.00000C0E+00D
Cas04. ZH2C Gypsum C.0000000E+00 0.0000G00E+00
NaCl Halite 0.0000000E+00 0.0000C0QE+00
MgS04 . 6H20, Hexahydrite ©.0000000E+00 0.0000000E+00
KMgC1S04 . 3H20 Kainite 0.0000000E+00 0.00Q00Q00E+00Q
KHCC3 Kalicinite 0.0000000E+0C 0.0000000E+00
Hg504  H2O Kieserite C.0000000E+00 0.0000CCOE+0D
E2MQ (S04} 2.4H20 Leonite 0.0000000E+00 0.0000000E+00
NadCa(SQ4}3.2H20 ___ Labile_salt (.0000000E+00 0Q.0000000E+QQ
MgCO3___________ Magnesite 0.0000000E+00 0.00000C0E+00
Mg2Cl(OHY3 .4H20____ MgOxychloride 0.0000000E+00 0.0000Q000E+00Q
KHSO4 Mercallite 0.00CQ000E-00 0.0000C00E+QQ
Na2504 ,10H2Q Mirabilice 0.0000000E+D0 0.0000000E+0D
KBHE (SC4}7 Misenite 0.0000000E+00 0.0000000E+00
NaHCO3 Nahcolite 0.00000008+00 0.0000000E+00
Na2C03 . 10H20 Natron 0.0000000E+0C 0.0000C00E+Q0O
MgCOo3.3H20 Nesquehonize' 0.0000000E+00 0.0000000E+00
K2Mg(504}2.6K20 Picromerite/Schoen 0.0000000E+00 0.0000000E+00
Na2Ca{CQ3)2.2H20 Pirssonite 0.0000000E+00 0.9000000E+00
K2MgCaz {S04)4.2H20 Polyhalite 0.0000000E+00 0.0000000E+00
Ca(OH)2 Portlandite 0.0000000E+Q0 0.00C0000E+00
KZCO3.31/2H20__ Potassium Carbonate 0.0000000E+00 0.0000000E+00
K8H4{CCl}6.3H20___K-Sequicarbonate 0.0000000E+00  0.Q0000C0E+00
KNaCO3.6H20_ _ K-Na-Carbonate 0.0000000E+00 0.0900000E+Q0
KINaH(CO2)2.2H20, __ Potassium_Trona 0.0000000E+Q0 0.00000CQE+Q0
KIH(SO4}2__Sesquipctassium_Sul fate 0.0000000E+00 0.0000000E+CO
Na3H(504)2 Sesquisodium_Sulfate 0,00030000E+0Q 0,0000000E+Q0
NaC03,7H20 Na2C03-Heptanydrate 0.0000000E+00 0.000C0COE+CO !
KCL Sylvite 0.0000000E+00 ©O.G0000C0E+QQ .
K2Ca (504} 2.H20 Syngenite 0.0000000E+00 0.0000000E+00
Mg2CaClb . 12K20, Tachyhydrite 0.0000000E+00 0.0000000E+0Q
Na2s04 Thenardite 0.J000000E+00 0.00000C0E+00
Na2CO3.H20, Thermenatrite 0.0000000E+00 ©.D0000QOE+QO
Na3R(CQ3}2,2R020 Trona 0.0000000E+00 0.00000CO0E+QQ
Ma2P4d07.10H20 = Borax 0.0000000E+00 0.3000DGOE+QUD
B{OH}3 Borix_acid_Sclid 0.0000000E+00 0.C000000E+QO
KB5S08 . 4H20O K-Pentaborate_(30_C) 0.9000000E+00 0.0Q000000E+Q0Q
K2B407.4H20_ K-Tetraborate_(30_C} 0.00C0000E+00 0.CGDOOOCOE+QO
NaBO2 .4H20D, Sodium Metaborate 0.00C0000E+0Q 0.00000COE+CQD
NaBS08.5H20. Sodium Pentaborate 0.0000000E+00 0.00000COE+OD
NaBO2 .NaCl.2H20__ Teepleite_(20.C) 0.00C0000E+00 0.CCO0000E+00
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Appendix V: Command File FMT_FMTC.COM

Appendix V: Command File FMT_FMTC.COM

*§  SET noverify
©g! SET verify

-1 FMT_FMIC.COM assigns and fetches user-selected
B3 chemdat and rhomin data base file names,
« 8! assign user-specified inmput/output file names,
] executes fmt2pl in 45 1996 nonPA (Performance
- Assgessment) production area
5t
«§! ! Author: K. M. Aragen
Lo Date: 11/17/85
B
Tl Modifier: S. C. Babkb
Cr 5! Date: 12/13/95
5!
5! Modifier: 5. C. Babb
RN Date: 12/18/9%
-y Reason: use fmt execytable in production area

print identiry of fmt executable
add log file and mail facilicy
decided not to use mail facility

Modifier: §, C. Babb

Cate: 12/21/95

Reason: name of fmt executable changed teo prefix
“fmt_* full name is Emt_fme2pd_pad96.exe

L T e L T T I e

INFUTS ;

Pl - Substring chemdat file name search on valance states, dates,
and/or fugacity

FZ - Substring rhomin file name search on valance states and/or dates

P3 ~ Imput File Name {no extensicn)

£! Turn on error handling: exit 6n anmy error.
£, 8!

215 ON error then gotp error_exit

mode = £Smodel)

! Logic flow

GOSUE check_filename
GOSUE define cms_library
GOSUE delete_files

GOSUR get_database files
GOSUB define_inpues
GOSUB define_ocutputs

GOSUB start_log ’ I
GOSUB start_mail . ;
GOSUB run_fmt i
GOSUB undefine symbols

goto terminate

<i%! otherwise flag an error and exit

Cherck for Pl - this is the CHEMDAT pame field

10§ IF mode .egs. "RATCH* .and. pl .egs. "*
7§ THEN
v g WRITE sysSoutput -
P *Can not run in batch without a chemdat file name (P1). exiting.-"
i GOTC error_exic
ENDI¥

IF Rl .egs. "*
‘THEN
INQUIRE chemdat_name -
"Enter chemdat file mame to search on-
IF chemdat_name .eqs. "* THEN goto error_exit
ELSE
chemiat_name = pl
ENDIF

o M
1
-
+¥$ IF mode .egs. "BATCH" .and. p2 .egs. "*
¥Y 5 THER

Check for P2 « this is the RHOMIN name field
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o1 WRITE SysSoutput -
b *Can nét rvn in batch without a rhomin file name (P2). exiting.*
g GOTO esror_exit

THQUIRE rhomin_name -
=Enter rhomin file name to search on-
IF homin name .eqgs. ** THEN goto error_exit
ILSE
" rhomin_name = p2
ENDIF

Check for P3 - this is the file name field
.egs. “BATCH® .and. p3 .egs. **
WRITE sys$output -

"Can not run in batch without a file name (P3). exiting.-"
GOTO error_exit

INGUIRE file_name “"Enter input file name (withour .extension)®
IF file_name .&gs. "~ THEN qoto error,exit

file_name = p3

72: $DEFINE_(MS_LIBRARY:
"L 5! Define non-pa ems symdels and point te fmt library

! Set CMS library tg FMT

cms_ library name = "fmg*
1ib'¢ms_library name

DEFINE input 'file_name’ in
DEFINE inguess 'file_name'. inguess

! Define a logical that points to the database files just fetched

DEFINE chemdat 'chemdat_name®
DEFINE rhomin 'rhomin_name'*

! Define the output files aeeded.

5!

$ DEFINE cutput ‘file_name'.cut

H DEFINE f£orQ8f8 ‘file name* forQ85
‘S DEFINE titrate 'file_name’' . citrate
S DEFINE moles "file_name' moles

5 RETURN

5! ——— B R

5! Tum off warning messages for no files to delete

5!

5 SET noon

S SET wmessage/nofac/nosev/notext/noid

5! Delete all 'file name’.moles files; do neot accumlate them.
$!

13 DELETE “file_name'.moles:*

S! Delete all fmt prefived files of chemdat and rhomin files
5!
DELETE fmt_*. chemdat;6*
DELETE fmc_*_rhomin;*

SET message/fac/sev/text/id
SET on
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Appendix V: Command File FMT_FMTC.COM

! Exit routine when a severe error is encountered

Write sysSoutput *Executing errcr exit, ‘'‘Sstatus‘.*
EXIT

IF mode .nes. "BATCH®
THEN
cse **'"chemdat_name'™*, chemdat-

_INQUIRE chemdat_name “Select CHEMDAT name from list above-
ENDIF

! Fetch chemdat from FMT CMS

set noverify
cfe ‘chemdar_name '’
set verify

! If interactive allow user to select/pick from a listg of rhomin file names

IF mode .nes, "BATCH"
‘THEN
cse "*''rhomin_name'*. rhomin”

INQUIRE rhomin_name "S$elect RHOMIN name from list above”
ENDIF

Fetch chemdat from FMT CMS
set noverify

cfe ‘rhomin_nate '
set verify

RETURK
$RUN_FMT
! Define the run symbols needed.
define /nolog exe_dir wpSnonpa_prodroot: [fmt . exe]
fmt2p0 1m= *Sexe dir:fmt_fmt2pl_paSs. exe*

» 5! Run the utility thar shows image information from the exe. (mandatory!}
%! This is part of the deocumentation redquired while doing a calculation.
§ GupSref:wp_get image_id.com axe _dir:fmt_£fmt2pl_pads. exe
$! Run the code

z
z fmt2pl
RETURN
$START_LOG : —
. 2N
|
month == fscvtime(*' ' fStime()'", ~absolute®, *month® ) AN
Gay == fSevrime(*''fStime() ", “comparisent, “day" | b
hour == gSovrime("' 'fStime()'", “absclute", *hour"® ) . ’;
min == f4cvtime ("' fSrime{) ", “absolute", ‘minute" )

2308 log_file name :== *'‘file_name'_'‘'moemth'‘‘day’'_'‘'hour’’‘'min’.log"

L8581 mike williamson's log file definition:
L3781 “sysSlogin:fmt_**file name'_ ' ‘month''day’_''hour’'‘min’.log”

DEFINE/proc sysSoutput °log_file_name

! Open a fil® where we can write a message trhat can be sent to the
! user upon completion.

mail_error_flag = 0

mail_file_name *sys$Login; fat_mail .msg”
mail_subject c== "FMT ‘'‘file_name’ ruan.*
mail_list == f£Sgetjpi{ ", “username"}

OPEN/write mail_file 'mail_file_name

©§! If there was no previcusly flagged error or problem. search the log files
+ 41 for any fatal, errar, or warning messages.

Sy A

! Show the run ocurput Lo the user
TYPE 'log_file_name
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»¥ §! Skip sending the mai) message
5§ goto end rerminate

!$! If there was ROL A previous error recorded, search the log file for
5! common error indicators.
search_status = 0 :
IF mail_error_£flag .ne. 1
THEN
Turn off informational messages from search c¢ommand
S5ET message/nofac/nosev/notext/noid
SEARCE 'log_file _name °-F-",*~E-*,"-w-* / matchsor
search_status = Sstatus
‘Turn on messages
SET message/fac/sevicext/id
ENDIF

IF search_status .eq. 1 .or. mail error, flag .eg. 1

THEEN
WRITE mail_file =The run log ¢ontains aAn error O WATTIANG .
WRITE mail_file “"Please examine ' "log_file_name*. “

mail_subject == “'-mail_subject' ERROR"
ELSE

WRITE mail_file =The FMT run has completed. -
ENDIF

CLOSE/nelog mail_file

MAIL/subject="*‘mail_subject'* 'mail_file name ‘mail list

s

SEND_TERMINATE:

$ EXIT

1aw e oo mm—m—e—mm oo
SUNDEFINE_SYMBOLS :

! Deassign input files

DEASSIGN input
DEASSIGN inguess
DEASSIGN chemdiar
DEASSIGN rhomin
DEASSIGN cutput
DEASSIGN for088
CEASSIGN titrate
DEASSIGN moles

WA n e

RETURN
§ e e e e e -

5! CMS REPLACEMENT HISTCRY, Elémant FMT FMTC.COM

5! 2  21-DEC-1995 12:58:57 SCRABB *FMT EXECUTABLE NAME CHANGED®

$! *1  19-DEC-1995 12:36:54 SCBABB *USER COMMAND FILE FOR EXECUTING FMT_FMT2PU FROM (MS*
3 §! (MS REPLACEMENT HISTORY, Element FMT_FMTC.COM
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Appendix W: Review Forms

This Appendix contains the review forms for the FMT User’s Manual.



NOTE: Copies of the User’s Manual Reviewer’s Forms are available in the Sandia WIPP
Central Files.




