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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.().

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. EMT 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 equilibrinm problems a “titration” mode is available, in which FMT
mechanizes repetitive flash calculations required to compute the composition of a
solution results from tiirating 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(IIT), An(IV), An(V), and
An(VI). These tables will be converted into equations of surfaces that will be used by the WIPP
PA codes PANEL and NUTS to calculate actinide solubility values as a function of CO» fugacity,
hydrogen ion concentration, brine composition, and organic chelator concentrations.

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

Code Name: FMT

WIPP Prefix: FMT_

Version Number: 2.0 11/03/95

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

1.2 Points of Contact
1.2.1 Code Sponsor

Sandra C. Babb

Sandia National Laboratories
Albuquerque, NM 87185-0661

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

1.2.2 Code Consultant
Craig F. Novak

Sandia National Laboratories
Albuquerque, NM 87185-1320

Voice: (505) 848-0619
Fax: (505) 848-0622

2.0 FUNCTIONAL REQUIREMENTS

R.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 equilibrium using aqueous thermodynamics. It is based on the
Harvie-Mgller-Weare (HMW) database enhanced with radioactive elements.

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

R.4: The element enhancements FMT supports include Americium (IIT) 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 velume for
each titration increment. )
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R.8: The “titrate” mode shall support logarithmic increments, i.e. adding a logarithmically
increasing volume for each titration. )

R.9: The parameters in the actinide series used in the FMT database are calculated by 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 level undergraduate 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 equilibrinm 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,); ie,

9% . (1)

g
Equation 1 is equivalent to the classical chemical formulation of the equilibrium conditions
AGENT;L(E)=0, 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,.....¥); entry (i,j) of N is Vs and

fl = chemical-potential vector with entries |..

A first-order algorithm approach for minimizing G(E) requires that the variables E be adjusted at
each iteration by amounts 8 :

(m)
oG
(m)__| = AL
8§j ——(agl = AGj

1 (3)

N )
=—2vijp,§m . j=12...R,
i=1

where

m = iteration index,

V= stoichiometric coefficient of species i in stoichiometric vector (equation) j,
N’ = number of species excluding inert species,

K; = chemical potential of species i, and

R = maximum number of linearly independent chemical equations.

The mole numbers are adjusted by means of
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ag("“), i=12,..N’, (4)

S Mz

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
Z e 9*G aG
agz n(m) ag n(m)

where n = species-abundance vector with entries n;. This approach requires the solution of a set

of R = (N’ - M) linear equations on each iteration (where M is the number of elements). Because

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

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

The VCS algorithm begins with equation 5, the Hessian matrix (82G/ BEZ) for which, in the case
of a single ideal phase, can be expressed as

G 3 (X
ag ag agj(z ka“’k]

k=1

- 1 .
—RTZ thvg[ . ] j=12...R, (6)
k

k=1 I=1 n,

where

= the gas constant, 8.3143 J mole-! K'l,
T = absolute temperature (K)

8, = the Kronecker delta function; §,, = 1,if k=1, 8,, =0,ifk # [,

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

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

expressed as
52 ! M2 w2
Ve,V
R G| L +yH-L) 5, (N
08,05 ; Piom k=1 M

NF
where V, is the sum of the stoichiometric coefficients in stoichiometric equation i., i.e. V; =2V i
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
Moyl y2 ) AG™
(m) __| 1 Ko TJ Jj . -
88" = ~m +Zn(m) Ll =12k (8)
k=L 4

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

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

4.2 The Pitzer Activity Coefficient Formalism

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

The activities of the species @, can be defined by the following equation:



FMT, Version 2.0 WPO # 28119

User’s Manual, Version 1.00 November 17, 1995
Page 15
oG
—| =w;=p?+RTlng,, (Ala")
on,
T.Pn

where 12 = the standard chemical potential for species i. Activity is defined for each solute
species i by

at. :'Yimi (A]b)
and, for the solvent, by
-W ‘
lnal_]zO =ﬁ6(sz}¢ ' (A.lc)

where

Y, = the activity coefficient of the solute species,
m; = the molality of the solute species,

W = the molecular weight of water,

Zm ; = 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:

H; _E@O__

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

* Equation numbeting scheme in Felmy and Weare (1986) duplicated for this discussion.
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2 | A

(¢—1)= ( l 1+ bIY2 "'2 chma(ch?a +cha )+Z<chmc’[®fc’ +Zmawcc’a]
ZmiJ a e <¢ a

[+

+2 Emﬂmﬂ (tbq} +Zm6wmc]+2 Zmn M Ape (A.2a)
+2 Zmnmalm+2 z Zmnmcmaﬁ }

Iny M—zMF+2rn (2BMa+ZC ]+ch[2¢Mc+Zmame]

(A.2b)
+2 Zmama waaM+lelz ch m, ca+zm (21‘ )+Z ZmnmagnaM
lI]"YX =Z1%[F+ch(2BXc +ZCXC)+Zma[2q)Xa +2mccha]
(A.2¢)
+Z zmcmc ‘Vccx*'llez Emc m, ca+zm (EA‘HX)"-Z Zmnmccnc}(
Iny =2 m (245 )+ 2 m (2R )+, S mm Ly, (A.2d)

12
F= —A¢(1 1;11/2 +%]n(l+b11/2))+2 Y m.m,B,

a (A.2¢)

c
’ r
+Z chmc’q)cc""z Zmama’q)aa’
c<¢ a<a

(2b)
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Z=Y|zm, (2c)

A? is one third of the Debye-Hiickel Ilimiting slope (A in the following empirical equation):

AT
Iny,=—————+B],
Vi 1+Ba~NT

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

Bl =B +Be 1T 4Biihe el S
By = Bfng}c +BS!9X3 (al “/T)"‘B%(g (“2 \ﬁ) (3b)

ICRACADNYG, g/ V1)

MX "BMX_—I__ MXT 1 (3c)

The functions g and g’ are defined by

(1—(1+x)e'x)

g(x)=2 5 {4a)
x
2
[l —[]+x+}2—)e‘x]
gx)=-2 2 (4b)

withx = alﬁ or = OLZ‘\/T . When either cation M or anion X is univalent, o, =2.0 and o, = 12.
For 2 - 2 pairs, o, = 1.4 and o, = 12. For all electrolyes, » = 1.2. For 2 - 3 and higher pairs, ¢,

= 1.4 and o, = 50. The dimensions of o, and &, are kg"?mole 2. The virial coefficients, @,
which depend upon ionic strength, are given the following form:
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@8 =6,+50,,(1)+186(T) (52)
— E
D, =0,+0,(I) (5b)
‘D:;,;E% (I) (5¢)

The functions E!Elij(l) 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, C?l)/IX and ¥, , are also

assumed to be independent of ionic strength.

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

BS.%(, B(AI)X, 5,%, and CLX for each cation-anion pair

. 0,; for each cation-cation and anion-anion pair
. Y, for each cation-cation-anion and anion-anion-cation triplet
. A, and ” for ion-neutral and ion-ion-neutral interactions.

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

4.3 Inclusion of Pitzer Activity Coefficients

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

The following is an expression for the chemical potential:
w7, Px)=p (T,P)+RTIny(T.PX)x,, )

and
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limy;=1 (Raoult convention)
x.—1

or

lim ¥;=1 (Henry convention)

x;—0

where
x = mole-fraction vector with entries x,,
T = temperature,
P = pressure, and
1u; = standard chemical potential of species i.
Equation 9 may be rewritten as

1, =p; +RTIny,(T,Pn)+RTlnx,, (10
where n = species-abundance vector with entries #,,

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

w,=p;[T.Pn" (T,P)|+RTInx, (11)

where i} 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 (', =1), yielding a first approximation to the system mole numbers

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

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

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

4.4 Charge Neutrality

Charge neutrality is maintained within FMT in order to best represent the charge neutral state of
aqueous solutions that occurs in the laboratory and the environment. It has been shown (see for
example Smith and Missen, 1991) that a linear combination of the element material balances
produces the charge balance equation. FMT replaces one of the element balances with the charge
balance, which both specifies the material balance on the “replaced” element and constrains the
solution to be charge neutral. The element to be replaced with the charge balance, FORTRAN
variable RPLWCHG, can be any element, but is usually set to Oxygen because it will be present in
all aqueous chemical systems. FMT cannot calculate a charge imbalanced solution compositios.
However, should one wish to specify a charge imbalance, fictitious agueous species such as
“Poslon+” 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 Psendoelements

Pseudoelement is the name given to mathematical constructs that are not actual chemical elements
but mathematically are treated the same as an element. Some of the pseudoelements used within
FMT in the past have been Electron:EL, Poslon:EL, Neglon:EL, 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 of
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), 1s limited to the
elements H, Q, Na, K, Mg, Ca, Cl, B, and Br, and the pseudoclements “S04,” “C0O3,”
“Am(IID),” “Np(V),” “ClO4,” and “Charge.” (Element names contained in guotes are not strictly
chemical elements, and are therefore called “pseudoelements.” Psendoelements 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 deicrmining 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 modet 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 CO? gas present. It is therefore
desirable to calculate the effects of CO7 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 CO2 gas fugacity by proper declaration of a CO?
solid phase, as discussed below.

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

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

At equilibrium, this reaction is described by the relationship

Mo ("solid") Mo (&)
2 00 o 2 i nf 14
RT Rr +eo, (4

where f-, isthe CO fugacity, which can be thought of as an effective partial pressure for
Co, 208/ g

COZ( 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 CO72 “solid” phase is present. See Novak (1995k) for details.

Other particular items to note are listed below:

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

. The “Am(I)” 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(ITV), uranium(1V), uraninm(VI) and other elements
may be added in future versions of the FMT data base. These additions will be
modifications to the data base only (CHEMDAT) and will not require code changes.
However, it is possible that several sections of code, particularly for calculating activity
coefficients, may not be accessed until thorium(IV) is incorporated into the data base.
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6.0 USER INTERACTIONS WITH THE SOFTWARE

6.1 Overview

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

Note that “abundance” means the total amount, an extrinsic quantity, e.g., 3 moles of Na, 2 moles
of Cl, 1 mole of Br. The intrinsic quantity, commonly moles per kg 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 FOR088 file, which contains a column of species
concentrations in molal units. These concentrations can be copied to an INGUESS file to put all
species in the INGUESS file on a molal basis, although technically it is still the extrinsic species
abundances that are given. This merely “normalizes” all extrinsic abundances to a “per kg H20”
basis.)

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

FMT generates a primary file OUTPUT and secondary file(s), depending on the problem.
FORO8S 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
FORO8S is the same as that of INGUESS, FOR088 output can be used as input for INGUESS.
Output files are discussed in detail in Section 9.0.

Figures 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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QOptional Data Path*

INPUT /v OUTPUT

INGUESS |———P FMT

CHEMDAT FORO88 —
static

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

Figure 1. Input and Output Files for BATCH

INPUT

ouUTPUT
INGUESS

T ot | —| TITRATE
CHEMDAT /
| static)]

static MOLES

RHOMIN (static

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

Using a convenient editor, the user creates and modifies parameters in the INPUT and INGUESS
files. After specifying a title for identifying the problem (usvally 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.¢., 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 H2O. EMT 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 EEATLE and types in the
symbol “nonpa_cms_syms” to define other CMS symbols, and the command “libfmt” to specify
the FMT library. Then the user locates the directory/subdirectory where his/her input files reside
by typing in a “set default (sd)” command. The command “cfe fmt_fmtc.com” copies the
command file into the user’s current directory. The lines are:

Snonpa_cms_syms

$1ibfmt

¢sd [username.user_inputfile_directory]
Scfe 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 vser 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.FORO088, CMS fetched the files
FMT_HMW_NP_AM.CHEMDAT and FMT_HMW_NP_AM.RHOMIN, and
FMT_FMTC.COM recorded the screen output from FMT in the file

BATCH_DOC_JANO08 1519.LOG. A listing of the log file follows the directory listing.

s dir
Directory Ul:[SCBABB.FMT.CMS_TESTFILES]
BATCH_DOC_IN;1 BATCH_DOC.INGUESS;1 FMT_FMTC.COM;1

Total of 3 files.

4 @fmt_fmte

Enter chemdat file name to search on: fmt

enter rhomin file name to search on: fmt

Enter input file name {without .extension): batch doc
$CMS-I-LIBIS, library is WPSNONPA_CMSRCOT: [FMT)
%$CMS-S-LIRSET, library set

Elements in CMS Library WPSNONFA_CMSROOT: [FMT]

TMT_HMW35_951213 , CHEMDAT "K+ INTERACTIONS TO NP{V) SCLUBILITY DB"

FMT_HMW_35.CHEMDAT “Initial load"

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

FMT_HMW_35_951213_F-1.CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35 951213 .CHEMDAT MASTER FILE FROM CFNOVAK.

!

{

"

FMT_HMW_35_951213_F-10_.CHEMDAT *“C02Z FUGACITY FILES CREATED FROM FMT_HMW 35_551213 CHEMDAT MASTER FILE FROM CFNOVAK .
FMT_HMW_35_951213_F-11.CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNOVRAK. "
FMT HMW_35 951213_F-12 CHEMDAT "CO02 FUGACITY FILES CREATED FROM FMT_HMW 1 5_951213 .CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_¥MW_35_951213_F-13 . CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35_951213.CHEMDAT MASTER FILE FROM CFNGVAK.
FMT_HMW_35_951213_F-14 . CHEMDAT "C02Z FUGACITY FILES CREATED FROM FMT_HMW_35_951213 , CHEMDAT MASTER FILE FROM CENOVAR.

FMT_HMW_35
FMT_HMW_35

951213:F-3.CHEMDA’I‘ %C0Z FUGACITY FILES CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK.

351213 _F-2.CHEMDAT "CO2 FUSACITY FILES CREATED FROM FMT HMW_35 951213 .CHEMDAT MASTER FILE FROM CFNDVBE. "

=

FMT_HMW_35_951213_F-4.CHEMDAT “"COZ FUGARCITY FILES CREATED FROM FMT_HMW_35_951213 ,CHEMDAT MASTER FILE FROM CFNOVAK.®
FMT_HMW_35_951213_F-5.CHEMDAT "C02 FUGACITY FILES CREATED FROM FMT_HMW_35 951213 .CHEMDAT MASTER FILE FROM CFNOVAX."

1

FMT_BEMW_35_951213_F-6.CHEMDAT "CO2 FUGACITY FILES CREATED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW _35_951213 F-7.CHEMDAT "CO2 FUGACITY FILES CREATED FROM FMT_HEMW_35_951213 . CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW_35_951213_F~8.CEEMDAT “C0O2 FUGACITY FILES CREATED FROM FMT_FMW_35_951213, CHEMDAT MASTER FILE FROM CFNOVAK.
FMT_HMW 35_0651213_F-9.CHEMDAT "CO0O2 FUGACITY FILES CREATED FROM FMT_HMW_35 951213 .CHEMDAT MASTER FILE FROM CFNOVAK,
FMT_HMW_35_951213_F1.CHEMDAT “C02 FUGACITY FILES CREATEDC FROM FMT_HMW_35_951213 . CHEMDAT MASTER FILE FROM CFNOVAK. "
FMT_HMW_35_951213_F10.CHEMDAT “C0Q2 FUGACITY FILES CREARTED FROM FMT_HMW_35_951213 .CHEMDAT MASTER FILE FROM CFNOVAK,

“
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FMT_HMW_35%_951213_F60.CHEMDLT *C02 FUGACITY FILES CREATED FRCM FMT_HMW 3% 951213 CHEMDAT MASTER FILE FROM CFNCVAK."
FMT_HEMW_NP_&AM.CHEMDAT "Initial load"
FMT_HMW_NP_AM_TFE0.CHEMDAT "Initial load"
Select CHEMDAT name from list above: FMT_HEMW_NP_ AM, CHEMDAT
Your CMS library list consists of:
WPSNONPA_CMSROOT : [FMT]

%CMS-S-FETCHED, generation 1 of element WP4NONFA _CMSROOT: [FMT)FMT_HMW_NP_AM.CHEMDAT fetched
Elements in CMS Library WPSNONPA_CMSROCT: {FMT]

FMT_HMW_15 .RHOWIN "Initial lead"

FMT_HMW_NP_AM.RHOMIN “Initial load*®

Select RHOMIN name from list above: FMT_HMW_WP_AM.RHOMIN

Your CMS library list consists of:
WESNONPA_CMSROOT : [FMT}

%CMS-5-FETCHED, generation 1 of element WPSMONPA_CMSROOT : {FMT ) FMT HMW_NP_AM.RHOMIN fetched

image name: "FMT _FMT2PO*

image file identification: “PROD PA96"
image file build identification: "
link date/time: 21-DEC-1995 11:36:2B.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_DCC.in; to¢ illustrate/document “BATCH" runs FMT v2.0
DATABASE: HMWE4/FWB6; Np(V)-Na-C03-QH-C1-Cl04 (NRS4);

95.01.31 AM{III)-Na-Cl-C03-504-Pp4 (FRSERE9,FRFI90,P31,RFFR92, RFFS4, RRFF94)

Accuracy of reactions is 1.Q000E-Q6
Minimum elemental abundance is 1.0000E-1B
Number of Adquecus Species is 50

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

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

Echo of Mcle Specificatiens: nMOLES NEXACT
ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
11(¢.222364000000 Hydrogen
55.1654821000000 oxygen
0.20000000000CC00 Sodium

1.00000000000000CE-D02 Potassium
.00000000G000000E-003 Magnesium
.00C000000000000E-004 Calecium
,110000000000000 Chlorine
,00000000000VQCOE-003 Sulfur
.00000000¢000000E-004 Carbon
.q00000000GA0000E+000 PosIon
.00000000000C000E+000 Neglon
.00000000Q0000000E+DQD Rir
.000000000000000E-O(}7 Boren
.000000000000000E+000 Bromine
.D0C0DDDOROODDODE+DND TracerEl
.NDOC00COCOD0ODOCE+000 Th{IV)
.¢00D00C0000UCCOE+DOD Am(III)
.0000C0e00000G000E+COD U(VI)
.000000000000000E+CC0 Hp (V)

. 0000000000000 00E+000 C104-(EL)
0.0000000000000CCE+0DD Phosphorus
©.0000000000C0DOOE+000 Electron
4,906053920000000E-017 Charge
LLT. (MINABU*1.d-6} moles NaBO2 .NaCl.2H20_  Teepleite_{20_C}; del&switch

O00DCOQRFROOODRHECHR

LT. (MINABU*1l.d-46} males NaB508. SH20, Sodium_Pentaborate; delkswitch
LT, (MINABU*1.d-6) moles NaCH(ag)...... to.titrate.base.only; del&switch
LT, {(MINABU*1.d-6) moles HCltaqg)....... to.bitrate.acid.only; deigswitch
LT. {(MINABU*1.Ad-6} moles K2B407.4H20___K-Tetraborate_(30_C); delkreopt
LLT. {(MINABBU*L.d-6) moles B405(0H)4= B40O5(0H)4=; delerecpt
LLT. (MINABU*1_d-6) moles K8HG6(S04)7 Migenite; del&reopt
JLT. (MINABU*1.4-6) moles KBHA(CO3)6.3H20__ _K-Sequicarbonate; del&switch
.LT. (MINABU*1.4-6) moles B303 (OH}4- BID3 (OH)4-; del&switch

_LT. (MINABU*1.d-6) moles CadCl2 (OH)6.13H20__Caoxychleride A; del&switch

Kt AFwA AR A SOLUBILITY PROGDUCT VIOLATIONY ¥+ s®wxaxnskd

** Mg (0H)2 Brucite ** 1.0CGE+0]1 **

***'*i***tt*sOL'U'BILITY PRODUCT V[OLATIDN*************

** Mg2Cl{CH)3.4H2C Mgoxychloride ** 6.63EB+00 **
2 Solubility Product Violations

Adding solid Mg(OH}2 Brucite

prH = ~loglm{H+) ] = 12.7140

pH = -logla{H+)] = 12.8532

Total Diagonal Inversions B5
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Total Stoichiometric Reoptimizations 10
SINGLE BATCH EQUILIBRATION COMPLETED
§ dir

Directory Ul: [SCBABB.FMT.CMS _TESTFILES]

BATCH_DOC.FORO8B;1 BATCH_DOC.IN;1
BATCH_DOC_JANCE_1519 .LOG; 1
FMT_HMH_NE_AM_RHOMIN; 1

BATCH_DBOC. TNGUESS; 1 BATCH DOC.OUT;1
FMT_FMTC. COM; 1 FMT_HMW_NP_AM, CHEMDAT; 1

Total of B8 files.
% type batch_doc_jan08_1519,log

image name: “FMT_FMT2P0*

image file identification: "PROD FA9E"
image file build identification: **"
link date/time: 21-DEC-1995 11:36:28.86
linker identification: "all-14"

Entering Subroutine READDAT
reading chemical species data from CHEMDAT file
DG_RYPASS flag set to nDG_BYPASS

{.FD.TITRATE] BATCH_DOC.in; to illustrate/document "BATCH® runs FMT V2.0

DATABASE: HMWE4/FW84; Np(V)-Na-CO3-OH-Cl-Cl0d4 (MNR94);
95.01.31 Am(III)-Na-Cl-C03-504-P04 {FRSRKES,FRF30, P31, RFFRIZ, RFF94, RRFFI4)

Accuracy of reactions ig 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
Char Flags: FLOW/BATCE/TITRATE BATCH UNUSED
this is a BATCH problem

Echo of Mole Specifications: nMOLES nEXACT
ECHO PRINT ©OF ELEMENT ABUNDANCES IN ONEFLSH
110.222364000000 Hydrogen
55.1654821000000 Oxygen
0.200000000000000 Sodium

1.000000030000000E~002 Potassium

1.000000000000000E-003 Magnesium

1.000000000000000E-004 Calcium

0.210000000000000 Chlorine

1.000000000000000E-003 Sulfur

1.0000000C0000000E-004 Carbon

0.0000000C00000C00DE+C00 PosIon

D.000000000000C00E+DC0 Neglon

0.4000000000G00000E+000 Air

1.000000000000000E-007 Boron

0.G0000CQ00000000E+0C0 Bromine

0.00000000DN0CODOE+000 TracerEL

0.0000C0000000000E+000 Th{IV)

0.000000000000Q00E+000 Am{III)

0.000000000C00000E+000 UI(VI)

0.C000C0000C00000E+00) Np (V)

0. 00000CG0000C0000E+000 C104- {EL)

G.00000C00000Q000E+000 Phosphorus

0.000000000000C00E+D00 Electron

4.506053920000000E-017 Charge

JET. (MINABU*1.d-6)} moles NaBO2.NaCl.2H20  Teepleite_ (20_C); del&kswitch
.LT. (MINABU*1.d-6) moles NaBS508 .5H20____ Sodium_Pentaborate; del&switch
LLT. (MINABU*1.d-6} moles NaOH(ag)......to.titrate.base.only; del&switch
LT, (MINABU*1. moles HCl{ag)....... to.titrate.acid.only; delsswitch

d-6}
.LT. (MINARU*1.d-6) moles K2B407.4H2O K-Tetraborate_(30_C); del&reopt
LLT. (MINABU*1.d-6) moles BAOS{CHji=
}

6
6
&
LT, (MINABU*1.d-6} molea KBHSE [S0417

B4G5(0H) 4=; del&reopt
Misenite; del&reopt

_LT. (MINABU*1.d-&) moles K8H4{CO3)6.3H2Q K-Sequicarbonate; del&switch

LT. {(MIMABU*1.d-£) moles B303{(0H)4-

B303(0H}4~; del&switch

_LT. {(MINABU*1.d-§) meoles CadCl2(OH)6.13H20__CaOxychloride A; del&kswitch

FRNAXHA XA NFZOLUBILITY PRODUCT VIOLATION**#*#**wvasssvs
** Mg{OH)2 Brucite ** L1 ,Q0E+01 **

A axads k£ +SOLUBILITY PRODUCT VIOLATION*+**#*stsssss
#* Mg2C1 (OH)3.4H2Q MgOxychloride ** 6.69E+D0 **

2 Solubility Product Violations

adding solid Mg(OB)2 Brucite
pmH = -leg[m{H+]] = 12.7140
pH = -leglal(lH+)] = 12.8532

Tetal Diagcnal Inversions B5

Total Stpichiometric Reoptimizations 10

SINGLE BATCH EQUILIBRATION COMPLETED
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Example #2 - Running the titrate problem NP_NACL_BM

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

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

FMT_FMTC.COM; 1 FMT_HMW_NP_AM.CHEMDAT; 1 FMT_HMW_NF_AM._RHOMIN;1
NE_NACL_BM.IN;5 Np_NACL_BM.INGUESS;2

Total af 5 files.

S Bfmt_fmbtc

Enter chemdat file name to search on: np

Enter rhomin file name to search on: ap

Enter input file name {without .extension): mp_nacl bm
$CMS-I-LIBIS, library is WPSNONPA CMSROOT: [FMT]
%#CME-5-LIBSET, library set

~CMS-I~SUPERSEDE, library list superseded

Elements in CHMS Library WESNONPA_CMSROOT: [FMT] .

FMT_HMw_NP_AM_CHEMDAT "Initial lcad*
FMT_BMW_NP_AM F&0.CHEMDAT “Initial load*
Salect CHEMDAT name from list above: FMT HMW_NP_AM.CHEMDAT
Your CMS library list consists of:
WPSNONEA _CMSROOT : [FMT)

%CMS-S~FETCHED, generation 1 of element WESNONPA_CMSRCOT: [FMT)FMT HMW _NP_AM, CHEMDAT fetched
Elements in ¢MS Library WPSNONPA_CMSROOT: [FMT]

FMT_HMW_NP_AM.RHOMIN *Initial leoad*

Select RHOMIN name from list above: PMT _HMW NP _AM_RHOMTIN

Your CMS library list consists of:
WESNONER_CMSROOT : {FMT]

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

image name: “FMT_FMT2PO"

image file identification: “"PROD PA%E"
image file build identification: “*
link date/time: 21-DEC-1995 11:36:2B.186
linker identification: *Al1-14"

Entering Subroutine READDAT

reading chemical species data from CHEMDAT file

DG_BYPASS flag set to nDG_BYPASS

Benchmark TITRATE Problem; Np{V)02 with CO3 in 5.6lmolal NacCl FMT V2.0
DATABASE: HMW84/FWBG: Np(V)-Na-CO3-OH-C1-Cl04 (NR94):

95.01.31 Am(III}-Na-Cl-CO3-S04-PO4 (FRSRE9,FRF90,P91,RFFR92,RFF94,RRFF%4}

Accuracy of reacticns is 1.0000E-06
Minimum elemental abundance is 1.,0000E-18
Number of Aqueous Species is 30

ACTIVITY COEF. FLAG PITZACT
using PITZER ACTIVITY COEFFICTENT model
Charga Balance replaces element Qiygen

Exiting Subroutine RERDDAT
Char Flags: FLOW/BATCH/TITRATE TITRATE EXPLICIT
this is a TITRATION problem

Character Flags: J.C. nMOLES nEXACT
Character Flags: I1.C. nMOLES nEXACT
TEMF is an uvnused lecal wariable 130000.10000000G

TITRATION option requires delta(x)=0,01 meters
Defining delta{x) as such

DIFFUS Parameber UNUSED= nDIFFUS
CONVEC Parameter UNUSED= CCNVEC

SSDIFF Parameter UNUSED= nSSDIFF
RESTART Parameter Value Read = nRESTART
UNUSED Parameters nPUSHEPULL nMULTINT
UNUSED parameter FRAC FLO

TITRATIGN Proklem:
-) Assigning all deltaily) to 0.1 n
-) Setting # of nodes in Y-direction to 3
-) Setting NONREACTIVE Porosity to 0.0

Char Flags UNUSED UNUSED RHESFDIF LHSFDIF
Char Flags UNUSED UNUSED nMOLES nEXACT
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TEMP is an unused local variable 9.999999999%99995E-021
Character Flags: VPOR0OS FRFLASH VPOROS FRFLASH

Specifying VARIABLE POROSITY for TITRATION Problem
Character Flags: VAR AQ RHO VAR _AQ _RHO FRFLASH
Adueous Density is & Function of Composition

Char Flag is UNUSED: NO X DIFF nMO X DIFF
Char Flag is UNUSED: UNIFORM UNIFORM 0

MINERAL DENSITIES, KG/M"3, IN FILE "RHOMIN*

pmH = -log[mi{H+)]) = 11.6199
pH = -logla(H+) ) = 11.7497
pmH = -log[m{H+}] = 5.9141
pH = -logia(B+}1] = 5.3205
TITRATION Character Flags

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

Firgt Volume Added = 0.10 mL

Final volume Added = 10.00 mL
pmH = -logm{H+)} = 5.9141
pH = -logla{H+1] = $.,3205
omi = -log[m(H+}] = €.2385
rH = -logla(H+}1 = S.6451
pmH = -log(m{H+)] = 6.5B70
pH = -logla{B+}] = 5.9936
puH = -log (m{H+}] = A _.B2BE
PH = -loglai{H+)] = 6.2353
pmH = -log[m{H+)] = 7.2930
pH = -loglail+)] = 6.63968
pmH = -log(m(H+)) = B.5359
pH = -logla(H+}] = 7.9427
pmH = -log([m(H+}] = R.9250
pH = -logla{B+}] = B.3317
pmH = -log[m{R+)] = 9.1587
pPH = -loglalH+)) = 8.5655
pmH = -loglm{H+)} = 9.3098
pH = -logla({H+]] = 8.7165
pmH = -loglm(H+)) = 9.45652
pHE = -legla(H+)] = 8.8722
puH = -log{m(H+)] = 9.B8154
pH = -logf{a(H+})]) = 9.222%
roH = -logim{H+)] = 10.062Q
pPH = -lag[a{H+)]) = 9.4695
pmH = -log[m{H+)] = 10.4406
pH = -loglal(H+)] = 9.B6493
pmlE = -logim(H+}] = 10.8825
pH = -logla(H+)] = 10.295%
pmH = ~log{m(H+}] = 11.2341
pH = -logla(H+}]) = 1D.6594
End of AutoTitration Problem
3 dir

Directory Ul: [SCBABB.FMT.CMS_TESTFILES]

FMT_FMTC.COM; 1 EMT_HMW_NP_AM _ CHEMDAT;1 FMT_HMW_NP_AM . RHOMIN;
NP_NACL_BM.IN;S NP_NACL_BEM.INGUESS;2 NP_NACL_BM .MCLES;1
NP_NACL_BM.OUT:1 NP_NACL_BM.TITRATE; 1l NF_NACL_BM_JANO8 1523 .LOG;1

Total of 9 files.

6.3.2 Macintosh Environment

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

The user can set a folder or directory before selecting or naming any file. The order of prompts in
a batch problem directs the user to:
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6.

Select CHEMDAT File
Select RHOMIN File*
Select INPUT File

Select INGUESS File
Enter OUTPUT File Name

Enter FOR08S8 File Name

A titrate problem directs the user to:

1.

2.

7.

6.3.3

Select. CHEMDAT File
Select RHOMIN File
Select INPUT File

Select INGUESS File
Enter OUTPUT File Name
Enter TITRATE File Name
Enter MOLES File Name

Organization of Files

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

all data base files (CHEMDAT and RHOMIN) in one folder. Beneath a major folder
labeled “HMW_DB,” Figure 3 shows two subfolders, labeled “HMW_NP_AM” and
“HMW _35,” which each contain unique CHEMDAT and RHOMIN data base files.

the IN and INGUESS files in another folder. Beneath a major folder labeled “Test
Cases,” Figure 4 shows two problem-labeled folders, “BATCH_DOC” and

“NP_NACL._BM,” which each contain scparate sets of input files. The

“BATCH_DOC” input files are located under each version number folder.

e

* 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 5o on. Both
options are shown in Figure 4.

%5——‘

HMW_DB

-

HMW_NP_AM HMwW_352 HMW_3453 e o

HMW_NP_AM.CHEMDAT HMW_35.CHEMDAT

HMW_NP_AM_F80.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 declaration of GO, “solid® fugacity = 60.0 alm was added.
2. Contains updates on thermodynamic parameter values and complexation data for Np(V} and Np(V);
F1 and F&0 designate modifications to CHEMDAT file to refleet CO,, “solid* fugacity at 1 and 80 atm.
3. Folder for future CHEMDAT dala bases for Actinides in I, 1V, V oxidation states.

Figure 3. Suggested data base organization.

41
o

Test Cases

LAY

o

Lt rYs
2l Ll

BATCH_DOC NP_NACL_BM

WP_NAGL_BM_LOGN
* e o MP_NACL_BMINGUESS e & @
NP_WAGL_BM_LOG.QUT_V1
NP_NAGL_BM_LOG TITRATE_¥1
Vi vz NP_NACL_BM_LOGMOLES V1

BATCH_DOC.IN BATCH_DOCIN
BATCH_DOCINGUESS BATCH_DOC.INGLIESS
BATCH_DOC.OUT_W1 BATCH_DOC.OUT V2
BATCH_DOC.FOR088.v1 BATCH_DOC FORO38.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 FORO088.
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_DOQC.” 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

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

correspond to search string in line 1

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

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

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

21 RHOMIN_NAME |} user double clicks or cots 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 FMT2PC 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_DOC.IN,
Appendix E)
35 DUMMY?2 FMT read ‘nDG_BYPASS’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,

Appendix I)

36 notation; repeat of line 1 of INPUT file (BATCH_DOC.IN, Appendix E)
37-42 | DBASE], repeat of lines 3-8 OUTPUT file for CHEMDAT (Appendix I)
DBASE2,
ACCURACY,
MINABU.NAQ
44-45 | DUMMY?2 FMT read ‘PITZACT’ from CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I} and notation (repeat of line 1273 from OUTPUT file for CHEMDAT
[Appendix J])
46 ELNAMES repeat of line 1274 from OUTPUT file for CHEMDAT (Appendix J)
(RPLWCHG)
48 notation; FMT finished reading CHEMDAT file (HMW_NP_AM.CHEMDAT,
Appendix I)

49 CDUMI1,CDUM?2 | character strings read from INPUT file (BATCH_DOC.IN, Appendix E) to set

batch mode
50 notation that FMT has a BATCH problem
51 DUMMY, character strings read from INPUT file (BATCH_DOC.IN, Appendix E) to not
DUMMY1 read species amounts from INGUESS
52-76 notation; listing of elemental abundances
ABUND(i), ith mole amount from INPUT file (BATCH_DOC.IN, Appendix E) and ith
ELNAMES(i) element name from CHEMDAT file (HMW_NP_AM.CHEMDAT, Appendix I}
77-86 | NAMES(1) species deleted from equilibrium algorithm because their total number of moles

NMOLES(i) became negligible(<MINABUx1x10"%)
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88-95 repeat of lines 17-24 in OUTPUT file for Batch (BATCH_DOC.QUT,
Appendix M)
96-97 repeat of lines 163-164 in QUTPUT file for Batch (BATCH_DOC.OUT,
Appendix M)
98-99 repeat of lines 180-181 in QUTPUT file for Batch (BATCH_DOC.OUT,
Appendix M)
100 notation; normal exit from batch mode
6.4.2 Using FOR08S File as INGUESS File

The secondary output file FOR088 is produced from batch problems. Using the FORO088 as an
INGUESS file provides the user with an easy way to adjust the solution composition.

Suppose the user ran a batch problem and generated the output files OUTPUT and FOR088. The
FORQSS file contains the number of moles of each species calculated from the equilibrium run.
The user could rename the FOROSS 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 vse 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 FORO8S 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 sharry”). 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 N, 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 Ny beakers containing 1 liter of Erlenmeyer solution, and each beaker is
reequilibrated. This volume addition assumes that the density of the titrant is 1000 grams per liter.

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

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

Table 2. Titrate Options

Option | Description Method

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

LOG10 | add titrant volumes that AV;=DV(2) x e(i=2)R i=2,... N, with R=

increase exponentially from In(DV(Ny)) — In(DV(2))
the user specified minimum N2 , where DV(2) and
P

to maximum volumes .
DV(N;} are read from the INPUT file

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

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

DV (1) 0.0 mL for all three options

DV(2).

)

0.1 mL for all three options.
The incremental volume is
AV; = 0.1x{i-1) mL for ‘LINEAR’

AVy = 0.1 xe(1-2)RywithR=(1n(10.0)-1n{(0.1))/13.0,

i=2,..,15 for ‘LOG1O’
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. and user-specified increments for ‘ASREAD’.

The final volume is

I

DV (15) 1.4 mL for ‘LINEAR’ option

I;

DV (15) 10.0 mL for ‘LOGI10’ and ‘ASREAD’ options.

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 mL DV(2)=0.1 mL DV(2)=0.2 mL DV(14)=1,3mL  DV(15)=1.4 mL

VYT

¢ 0 I
¢ 0 ¢

S e

. Boaker 1 Beaker 2 Beaker 3 Beaker 14 Beaker 15
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— - ] <+

- o — —
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Figure 5. Titration problem using LINEAR option.

The user can use the above options in the following order:
1. use the LOG10 option to rapidly find the full extent of pH response possible
2. use the LINEAR option to locate regions of slow and rapid pH changes

. 3. use the ASREAD option to show the minimum number of points of pH changes
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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 1=2, ..., NSPACE.

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

6.5.2 Screen Display Descriptions

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

Table 3. Titrate Problem Screen Display Description (See Appendices B, C, and D for sample
screen displays of Np_NaCl_BM_LOG, Np_NaCl_BM_LIN, and Np_NaC]_BM, respectively.)

Line | Variable Name Description

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

49 CDUMI1,CDUM?2 | character strings read from INPUT (Np_NaCl_BM_LOG.IN [Appendix Fj,
Np_NaCl_BM_LIN.IN [Appendix G], or Np_NaCi_BM.IN [Appendix H]) to set
titrate mode

50 notation that FMT has a TITRATION problem

32 CDUM1,CDUM2 | character strings read from INPUT (Appendices F, G, or H) to 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) to not read species
amounts from INGUESS for the initial or Erienmeyer solution

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

56-57 notation; repeated in QUTPUT file for CHEMDAT (Appendix TI)

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

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

[Appendix N], Np_NaCl_BM_LIN.OUT [Appendix O], or Np_NaCl_BM.OUT
fAppendix P])




FMT, Version 2.0 WPO # 28119

User’s Manual, Version 1.00 November 17, 1995
Page 38

71-72 unused character strings read from INPUT (Appendices F, G, or H) line 68-69

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

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

79 unused variables read from INPUT (Appendices F, (G, or H) lines 93-96

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

50-91 pmH and pH of the Erlenmeyer solution

93 CDUM1,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 resuliing solutions following titrant additions
DV(i),i=l, ..., Ng to 1 liter of the Erlenmeyer solution, with no additions to
the first beaker; see Figure 5.

127 notation; normal exit from titrate mode

6.5.3 Titrate Sample Problem: Solubility Calculation

The following example Np(V)/C0Q3/NaCl problem illustrates a typical way in which FMT is used.
This calculation is designed to show how the solubility of NaNpQ2CQ3(s) varies as a function of

2— .
CO5 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 Cl— 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 CO; 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 it is nearly saturated with respect to NapCO3*7HpO(s) as indicated by the

Saturation Index of —0.251 listed in the Descriptor column on Line 114. The flash calculation
output for the Erlenmeyer solution shows 5.61 molal sodium and 5.61 molal chloride (Lines 198
and 197), in equilibrium with a large excess of NaNpO2CQ3(s) at a relatively high pmH of 5.91

on Line 222. This solution was designed to have a very low carbonate concentration, 3.09x10—3
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-
4}, shows that the Na* concentration remains constant at 5.61 molal, while the Cl— concentration

9
changes slightly from 5.61 to 5.51 molal. More importantly, the CO5 concentration varies

widely, from 3.09x10-8 10 4.84x10~2 molal (Lines 43-58), as was intended. The
NaNpO2COs3(s) concentrations confirm that this solid is present across this aqueous composition

range (Lines 79-94), and all other solid phases are absent. The concentrations of the Np(V)

. - - 3— 5-
species NpO;, NpO20H(aqg), NpO3(OH),, NpOpCO4, NpO2(CO3), , and NpO2(CO3)5 ,

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
9.49E-4 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 1.38E-4
2.38E-6 3.39E-5 2.74E-2 2.37E-4
1.25E-6 6.17E-5 1.09E-3 4.47E-6
3.78E-7 2.04E-4 3.29E4 3.55E-6
1.73E-7 43764 2.50E4 3.63E-6
1.57B-7 4.90E-4 2.28E-5 6.46E-6
9.06E-6 1.29E-5 0.27E-7 1.41E-4
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 NpO2OH(aq) and NpOz(OH)E 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

where values for the independent variable, in this case CO_E,_ concentration, will be. The modeling

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

B mNpti, Neck et al. (1994} e mMNpO2CO3-
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Figure 6. Calculated Total Np(V) and Np(V) Concentrations as a function of CO;  concentration

in 5.61 molal (SM) NaCl, and comparison with experimental measurements from Neck et al.
(1994).



FMT, Version 2.0 WPO # 28119
User’s Manual, Version §.00 November {7, 1995
Page 4|

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 vaiue of the flag close at hand for easy interpretation of
the individual flags.

Batch problems require the input files INPUT, INGUESS, and CHEMDAT to run, and an
additional file RHOMIN is required for titrate problems. A description of all four input files, for
both Batch and Titrate calculations, follows.

7.1 INPUT
7.1.1 Batch Problem

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

Lines
7-29

header info and
problem
specification

mole amounts
of elements

Figure 7. Batch INPUT file.

Table 4 lists the INPUT file paramieters for a batch problem. The “LINE” column refers to the
line numbers listed in the BATCH_DOC.IN file. The “Variable Name” column corresponds (o
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 TITLE7S any character string character string that identifies or describes the user’s

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

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

CDUM2 second siring’s value being irrelevant
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6 DUMMY, 2 character strings used as flags for calculating the
DUMMY1 equilibrium state using either:
‘MOLES’ ‘EXACT’ species abundances read from INGUESS from which

FMT calculates element abundances
or

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

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

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

7.1.2 Titrate Problem

The titrate INPUT (.IN) file, a required input file for running a titrate calculation (Section 6.1}, is
used to specify the molar abundances of the elements for both the buret and Erlenmeyer solutions,
along with the number of titrant volumes (“burets™) that are to be added for the titrate problem.
(See Section 6.5 for explanation of titration problem.) The bulk of the lines in this file (Figure 8)
specifies the molar abundances of the elements in the buret and Erlenmeyer (“beaker™) solutions.
Line 6 or Line 31 allows the user to set flags that force a read of the INGUESS file for species
abundances. Line 100 in the file allows the user to specify that the titration 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
i-5

Lines
6-29

Lines
31-54

header info and Line 56
problem
specification

mole amounts
of elements in

buret solution
and input
specifications
Lines
57-98
mole amounts
of elements in
Erlenmeyer
solution and
input
specifications
Line 100
Lines
101-114

Figure 8. Titrate INPUT file.

no. of beakers

titrate option

titrant volumes
for ASREAD
titrate option



FMT, Version 2.0 WPO # 28119
User's Manual, Version 1.00 November 17, 1995
Page 45

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

Tabie 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_NaCI_BM.IN, respectively.)

Line | Variable Names ]} Permissible Values Description

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

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

4 CDUM1,CDUM?2 | ‘TITRATE’ ‘EXPLICIT’ | the first and second strings are required to indicate
that this is a titrate problem

6 CDUM1,CDUM?2 2 character strings used as flags for the titrant or
buret solution for calculating the equilibnum state
using either:

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

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

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

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

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

or

‘TMOLES’ ‘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: 10-13)
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. 32-54 | ELTOTAL (i,2) nonnegative real number”™” { mole amount of ith element in Erlenmeyer solution,
one clemental amount per line
36 NSPACE, 2 < integer number < 66 the first number in thig line specifies the total
TEMP,TEMP, 225d3  0.0025d0 number of beakers, Ng. Recall that the first beaker
TEMP, 1.800001d5 i gets zero addition of titrant solution, so Ng—1
Chuml nDXVARIABLE volumes are added. The three remaining numbers
and character string should be specified as
indicated, but these values are not used for titration
problems.
57-98 exactly as specified in the | none of these values are used for titrate problems,
INPUT (.IN) file but must be included
100 The following five values on this line set one of the
titrate options:
CDUMI1 ‘TITRATE’ ‘TITRATE’ must always read ‘TITRATE’
CDUM2 Specifies the method of adding volume amounts to
each beaker:
‘LINEAR’ or add equal sequential volumes
. ‘LOGLO” or add exponentially increasing volumes
‘ASREADY read volume amounts from the INPUT file
DV(2) initial volume, in mL, to add to the second beaker,
valid for LINEAR or LOGI10 options.
A value must exist but not used for ASREAD option.
DVMAX volume added to the last beaker, valid only for

LOG10 option,

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

* The value on line 54, though negative, is essentially zero since it is so small (order of magnitude: 10-15)
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CDUM3 ‘nINJSOLIDS’ or By default, FMT will add only the aqueous phase
‘INJSOLIDS" part of the titrant to the Erlenmeyer solution.

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

101- DV({i} nonnegative real number | read titrant volumes, in mL, to be added for each of
114 the Ng-1 additions where Ng value is set on line
56. Faor the ASREAD option; see Appendix H for
illustration. For the LINEAR and LOG10 options,
the INPUT file is not read afier 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 Probilem

The user can rename the FOR088 output file from a batch calculation and modify the species
amounts as desired to build a solution composition for the INGUESS file (see Section 6.4.2). A
line-by-line description of the INGUESS file, whose structure is identical to that of the FOR088
file (Appendix Q), is provided below in Table 6.
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Table 6. INGUESS File Parameters for Batch Problem

Line | Variable Name Permissible Value Description

I-115 | NMOLES (i) nonnegative real number | mole amount of ith species in the order

listed in CHEMDAT (Appendix I, lines
14-140), one species amount per line

On each line of an INGUESS (or FOR088) file, the total moles is followed by a species name and
molality value. The order of the species listed follows that of the CHEMDAT file (Appendix I,

* Lines 14-140). HMW_NP_AM.CHEMDAT file has 115 species. FMT does not read the names

or molality values from an INGUESS file, which were derived from a renamed FOROSS 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

I-115 | NMOLES (i) nonnegative real number | mole amount of ith species listed in
CHEMDAT (Appendix 1, 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 I 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 Poslon, Neglon, Air, Boron, Bromine,
TracerEl, CIO4-(EL), Electron and Charge. These psuedo elements are treated exactly like the
physical elements in the mathematical sense, regardless of their identity. See Section 4.5.

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

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

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 QUTPUT file. Some parameters
are also displayed on the user’s screen.

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

Read TTLELEM, TTLSPEC and string flags

Read convergence and limits criteria

Read element names and malecular 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 chamdat ID

Display and print convergance criteria

Read and print PfTZER model for cation,
anion, and neutral species and thair binary
and ternary intaraction parameters

Read element substituting for charge balance

Valid element to substitute for
F charge balance? T

Print fatal error Print substituted
message stement name

Calculate molecular
weight of all species

Find species H+ and
QH- in nharas amray

STOP Found location of
F + species? T

Display
and print
warning
message

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

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

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

7.3.2.1 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-CI-504-OH-HCO3-CO3-CO2-~
H20 systemn, 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, Cl();.

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

7.3.2.3 Am(IIT) Model

Parameters for Am(III) interactions with chloride, suifate, 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(IIT), Pu(TIT), or Nd(III), we have used the oxidation state analogy for -
elements (Novak and Dhooge, 1995) to apply these parameters to Am(1IT) as shown here.
Although we call it the Am(IIl) model, this model should apply equally well to Pu({Il) and
Nd(III).
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Felmy et al. (1990) provide the values of standard chemical potential for the americium species
shown in Table 11, and the ion interaction parameters shown in Table 12. These parameters were
developed from relatively dilute, i.e., less than 0.1 molal, solutions, so they do not necessarily
apply to more concentrated solutions, as this discussion of Rao et al. (1994) below shows.

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

O
I+ 3+yn o 0 0
Nd+* + yY" (—}Nde Woen = H dY;ﬂm-u 43+~ Y Pyn (15
AmH +yY o Amy> " pe = po 3eyn-p° 4 —ypd (16)
Yy rxn2 ~ Ame YR =My m3+ Y Byn

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

Hignl = ”?mz- Therefore, the standard chemical potential for the complex americium species
is given by
0 0 o o
Hamy?on =gyt + [ ] a7
y y

Analogous expressions hold for Pu(IIl). 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(IIl) 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.

Rao et al. (1994) parameterized ion interactions for Nd(IIT) in concentrated NaHCO3 and Na2CO3
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(III) 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(1II) or Am(I1I) 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,

- 7 3_ ) .
H2PO,, HPO, , and PO, , as shown in Table 18. The reported standard chemical potentials for
4 4 4 po
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H3PO4 and HQPOE, taken from Pitzer and Silvester (1976) as the original source, are the same.
. . . o o
However, there are slight differences in the standard chemical potentials given for HPO, ,and

3—
PO, , 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(III)-
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(II) 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(ITI) or Am(II¥) in Rai et al.
(1994). The publication of Novak et al. (1995) provides a comprehensive description of the
sources for and the rationale for selection of the Am(III) thermodynamic parameters that will be
incorporated into future versions of the CHEMDAT file.

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

1-1 electrolytes g (1) o
Na*-10; 00554 | 02755 | -0.00118
Na*HPO] 00533 | 0039 | 0.00795
K+-H2PO; -0.0678 -0.1042 0

H*-Cl D; 0.1747 0.2931 0.00819
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2-1 electrolytes % B(O) % B(1) ‘2'22 0 () (1) ct
Na"'-HPOi- 0.6777 1.954 0.0554 —0.0583 1.466 00294
K+_HP Oi— 0.0330 1.699 0.0309 (.0248 1.274 0.0164
C32+-C]0; 0.6015 2342 —0.00943 | 04511 1.756 -0.00500
Mg2+-C] O; 0.6615 2678 0.01806 0.4961 2.008 0.009578
U 0;.+_ cr- (0.5698 2.192 ~0.06951 | 04274 1.644 —0.03686
U0§+—C10; 0.8151 2.859 0.04089 0.6113 2.144 0.02168
3-1 electrolytes % B0 % Al E}Zj o (0 pll) ct
Na"'—POiﬂ 0.2672 5771 -0.1339 0.1781 3.851 -0.05154
K+-P03__ 0.5594 5.958 —-0.2255 0.3729 3972 -0.08680
2-2 electrolytes p(® (1) co

0.322 1.827 -0.0176

2+ . 2-
UO2 -S0O 4
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Table 9. Standard chemical potentials for neptunyl(V) species, from Novak and Roberts (1995).

Species “?/RT Species Fl;:) RT
Np 0; -369.127 NaNpQ9COs(s) =713.707
NpO2OH(am) —452.642 NpO, COE -594.492
NpO,OH(aged) —454.010 NpOo( COs)g_ ~808.403
NpO;OH(aq) —438.518 NpOy( CO3)g* ~-1019.918
NpOy( OH)E —505.829

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

(M .312 (1)) 0.161 | Brs((0),Na+- 1.97
BNp()'zP —CIOE l?‘N a"’-NpOzCC'g NpOz(COg,)g—)
{0} 0.169 Brs((0),Na+- 0.407 Pis((1),Nat- 16
+ - _
Ppo]-cr- NpO2(C03); ) NpO2(CO3)3 )

(1990)
Species o

b /RT
Am3+ -241.694
AmC 0; —472.06
Am (C03)5 —695.88
Am(C 03)3- -915.46
AmOHCO3(c) -569.98

Table 11. Dimensionless standard chemical potentials for Am(IIT) species from Felmy et al.
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Table 12. Specific ion interaction parameters for Am(III} species from Felmy et al. (1990).

B(0) ) &) P
Na® - CIO; 0.80 535 0 —0.0048
Nat . Am(COB)g— 0.24% 8.1 0 0

* this valee 15 modified in Table 17

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

Nd Species “io / RT Am Species l—l-lo /RT
Nd3+ —-270.926 Am3+ —241.694
Nd (OH); —422.879 Am OH); —393.647*
Nd (OH)g —492.182 Am (()H)g —462.950*
Nd(OH)3(gl) ~527.259 Am(OH)3(gh) —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).
Q) ) p(2) c?
Puttt - CI- 0.6117 5403 0 —0.0284
AmTHt . CI- 0.6117 5.403 0 -0.0284
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Table 15. Dimensionless standard chemical potentials for Pu(III) species from Felmy et al.
(1989), with calculated values for analogous Am(III) species.

Pu Species uio / RT Am Species Uio /RT
Pud+ 2334 Am3+ —241.6%4
Pu{OH)3(s) —484.0 Am(OH)3(s) —492.294%

*calculated by equation 17

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

Nd Species ”iO /RT Am Species Pio /RT
Nd3+ -270.926 Amat 341.604
NaNd(CO3)2+6H20(c) —-1425.726 NaAm(CO3)p*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(III).

50 ) o) o
Na* - Nd(CO3); 0 —8.37 0 0
Na* - NA(COR 2004 71 0 0418
Nt - Am(CO3, 0 837 0 0
Na* - Am(CO3) 0047 R 1 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
HZPOE -45596 -455.960 —455.960 —455.960
HPOiﬂ —439.404 —439.354 -439.354 —439.367

3- —410.98 —410.947 —410547 —410.947
PO4

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

7y
H* - H3PO4(aq) 0.290
K* - H3PO4(ag) ~0.070
HPOZ ™ - H3PO4(aq) ~0.400

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

Nd Solid Phase pio /RT Am Solid Phase “io JRT

Nd3+ -270.926 Am3+ -241.694
AmPO4»xH2C(am), Rai et al. {-709.75
(1992a)

NdPQ4{(c), Rai et al. {1992h) —738.166 AmPO4{c) =708.934*

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

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

BLOY B(D B ¥
Ng3+ - soﬁ“ 3.0398 0 ~2500 0
Nd¥* - H2PO, 0 0 929 0
Am3T S0, 3.0398 0 2500 0
Am>* . 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 [, the character strings FRSR89, FRF90, PS76, P91, RFF92, RFFR92, RFF94,
RRFF94, NR94, HMW384, and FWR6 indicate the source of the data. The key to citations is listed at
the end of the file in Appendix . 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

~090.99 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

dissoctate 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 DBASE], 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;
DUMMY],
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(i) name of itP element
11-12 MWELEM(i) molecular weight of ith element
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14-140 NAMES(), name of j! chemical species; stoichiometric number of each element in

FORMU.LA(LJ% the species and charge of species (last number); phase of the species

PHASE(j), ) (1=aqueous, 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. H20 must always be the first species
declared. All aquecus species must be declared before any solid species
is declared.

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

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

144 NCATION number of cations for which Pitzer activity coefficient model is used
{positive integer) See-note below Line 855 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 neutral 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

I when either cation or anion has a charge of 1
2 when both cation and anion have a charge of 2
3 for all other cases,
SE(,j,2) B(O) parameter for each cation-anion interaction
SE(i.j,3) (1) parameter for each cation-anion interaction
SE(i,j.4) B(2) parameter for each cation-anion interaction
SE(,j,5) C% parameter, but this is later converted to CpX (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 indicace the cation-anion
pair specified on each line, for ease of human interpretation only.,

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

436-454 | ME(i,j,1) for i<j, i and j are anion indices, anion-anion ternary interactions, 05;

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

546-753 PSI(i.j.k) for i<j, 1 and j are anion indices, k is the cation index, anion-anion-cation
ternary interactions, W;‘jk

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

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

T69-851 PTZTSI(,j,k) neutral-cation-anion ternary ion interaction parameters, i=neutral species
index, j=cation index, k=anion index, r:ijk

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

854 ELMAP(2,i) anion map

855 ELMAP(3.i) neutral species map
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Note on species order: cationic, anionic, and neutral species are
referenced by the order given in ELMAP(,). This is 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)I, 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.

*xuCAUTION#**
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 vsing 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.

359

RPLWCHG

positive integer indicating the element to0 RePLace With CHarGe. Used
to implement the constraint of solution charge neutrality. The 2nd element
corresponds to oxygen.

860

DUMMY, NEHRXN

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

861

DUMMY,
NSBSTPM,
NSBSTRX,
DUMMY1

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

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

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

Appendix I.)
Line Variable Name , Description
1 notation; FMT sets temperature to 298.15 Kelvin
2 TITLEY9 problem title specified on line 1 of INPUT file with ‘FMT’ and version

number appended

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

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

7 MINABU minimum elemental abundances for equilibrium calculations, specified on

line 5 of CHEMDAT file, If the total number of moles of an element fails
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
(ELMAP(1,i)
20-26 NAMES ordered list of anion species
{(ELMAP(2,1)) '
29-32 NAMES ordered list of neutral species
(ELMAP(3,i))
34-296 table of cation-anion binary interactions and parameters
NAMES “Cation” species column
(ELMAP(1.i))
NAMES “Anmion” species column

(ELMAP(2,j))
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SE(i,j,2) “Beta(0)" column, B(C) parameter for ith cation, jth anion interaction
SE(i,j,3) “Beta(1)” column, P{1) parameter for ith cation, jth anion interaction
SE(i.j,4) “Beta(2)” column, B(2) parameter for ith cation, jt anion interaction
SE(i.,5) “Cphi” column, C® parameter for ith cation, jth anion interaction
ALPHACH “Alpha-Values” column (O, O,) string that states electrical charges on
(SE(i,j,1)) b L2 _
the itD cation, jth 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,j»)
NAMES name of leading ith cation in the order listed on lines 15-18
(ELMAP(1,i))
MEC(i,j, 1) cation-cation ternary interaction parameter, 0jj
341-416 table of anion-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line after leading anion
(ELMAP(2,)))
NAMES name of leading it anion on ordered list
(ELMAP(2.i)
ME(i,j,1) anion-anion ternary interaction parameters, €
419-579 table of cation-cation-anion ternary interaction and parameters
NAMES up to 10 columns of anion names on a line
(ELMAP(2.k))
NAMES two cation names
(ELMAP(1,i}),
NAMES
(ELMAP(L.j))
PSI(i,j,k) cation-cation-anion ternary interaction parameter,
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 fWo anion names
(ELMAP(2,i)),
NAMES
(ELMAP(2,)))
PSI(.i,k) anion-anion-cation temary interaction parameter, Y
967-982 table of neutral-cation binary interaction and parameters
NAMES up to 10 columns of neutral species names on a line
(ELMAP(3.i))
NAMES jth cation name and up to 10 binary interaction values, Rij
(ELMAP(1,j)),
NEUCAT(.)
985-1007 table of neutral-anion binary interaction and parameters
NAMES up to 10 columns of neutral species names on a Jine
(ELMAP(3,i))
NAMES jth anion name and up to 10 binary interaction values, Aij
(ELMAP(2,))),
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 kth anion names
(ELMAP(1,j)},
NAMES
(ELMAP{(2,k))
PTZTSI(L,).k) up to 10 ternary interaction values, C,-j,c
1273 notation that Pitzer activity coefficient model is used
1274 ELNAME states name of element replaced by charge balance (see Table 23, line
(RPLWCHG) 359)
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 deha(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 ith element
1309 MWELEM(i)
1312- Iisting of each species’ chemical properties
1427

i, NAMES(i) 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:
YFORMULA(j,i)*MWELEM(j), where FORMULA(j.1) is the
stoichiometric number of jth element in the ith species, MWELEM(j) is
the molecular weight of the jth element, index j runs through all elements,
and index i runs through all species

MUOFORM(i) standard chemical potential of the ith species

1430- table showing relationship of species to elements

1545
1,NAMES(i} number and name of i chemical species
FORMULA(.1), stoichiometric number of each element in the ith species

j=1,ttlelem
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7.4 Standard RHOMIN Input File

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

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

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

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

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 OUTPUT file.

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

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

8.1.1 "Charge' abundance is not . . .

LA R R AR R E R AL EESEEEIEREEREREEEEEEEXEEEEES]

[on unit 6]
"Charge" abundance is neot numerically zero

[on screen) .

"Charge" abundance is not numerically zeroc

or

"Charge” abundance is not numerically zero, INJECTED

or
. "Charge" abundance is not numerically zero, INITIAL

[in OUTPUT file]

"Charge" abundance is not numerically zero
RS SR R R A AR R EEEE R AT RIS RS AR R EREERE ST ES XS

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 6 is printed first, followed by the [on screen] messages.
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« “INITIAL,” the second or titrated solution does not have a zero charge
balance
8.1.1.2  Suggested Solution

Change the charge amount in the INPUT file to zero.

8.1.2 check problem type. ..

LA AR R AR AR X E R RS AR S FE LY YRR TR

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

[on screen]
CHECK PROBLEM TYPE SPECIFICATIONS

[in OUTPUT £ile]
check problem type option: BATCH or TITRATE

AR R A AR SRS AT E RS EEEREEEE SRR EEEREE R RS

8.1.2.1 Explanation

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

8.1.2.2 Suggested Solution

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

8.1.3 ERROR IN INITIAL ESTIMATE...

LR R E RS EE RS EEESE R R SRR R RS R ESEET SR

fon screen}
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

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

[in QUTPUT file]
ERROR IN RESULTS OF FEASBL
Results of call to FEASEBL, IER= 2 [or] Results of call to FEASEL, IER= 3

(AR S RS R SR SRR R RS R R R R R R X ER R
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8.1.3.1 Explanation

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

8.1.3.2 Suggested Solution

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

8.1.4 INPUT ERROR to. ..

LA R E A LA ERE SRR EE RS SRS SRS RE RS X

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

[on screen)
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

{in OUTPUT file]
ERROR IN RESULTS OF FEASBL
Results of call to FEASBL, IER= 1

IR AR AR SRS ER R R SRR EER LSRR R R LR R T REE R

8.14.1 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...

LEE R E AR R AR LR R E RS EA NS RRR R LSRR EX]

[on unit 6]

MAXELEM= ‘'value for MAXELEM'

TTLELEM= 'wvalue for TTLELEM

Parameter Dimensions Too Small for this Problem

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

[on screen)
MAXELEM DIMENSION IS TOO SMALL

LA E X R R E A LRSS RS AR EEE SR AR SRR
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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...

LA RS RS R RS AR R ER L EXEREEEEREEER R E X IRy T

fon unit 6]

MAXSPEC= 'value for MAXSPEC'

TTLELEM= ‘'value for TTLELEM'

TTLSPEC= 'value for TTLSPEC!

Parameter Dimensions Too Small for this Problem!

Musgt Increase MAXSPEC to MAXSPEC= 'wvalue for TTLELEM+TTLSPEC'

[on screen]
MAXSPEC DIMENSION IS TOO SMALL

AR S LSRR R R RS XX E R X E R R R R R R E R Y Y Y

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...

LR E R R ERE R LS SR EEEER AR IR EEE R EEEEE]

[on screen]
MUST PUT ALL AQUEOQUS SPECIES BEFORE MINERALS

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

d gk kv v ok e sk ke kg e ke K ok o e ko e ok e e e e ok e ke ok ke de ke e e

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 ...

AR R R S A R EE S EEEEEEE S EREREERE S ERE EEEIERE R Ry

[on screenld
Negative Element Abundance Entered
oxr

Negative Species Abundance Entered

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

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

'element name' 'abund value'
STOPPING EXECUTION in ROUTINE FMT2PQ
or
Negative element abundance given, INITIAL
'element name' 'abund value®
STOPPING EXECUTION in ROQUTINE FMTZPJ
or
Negative species abundance in inguess file
‘species name' 'abund value'
STOPPING EXECUTION in ROUTINE FLASHIJS

RS R IR EEE LI EEEELEE LT TR 2T 2T

8.1.8.1 Explanation

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

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

. ‘TITRATE’ problem: If the last line in the OUTPUT file states “ROUTINE FMT2P0”,
the “TITRATE’ flag was set in the INPUT file. The first line of the error message
“Negative element ...” in the QUTPUT file tells which solution the fatal error is in - the
INJECTED solution is the first solution or titrant solution while the INTTTAL 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 file contains the species name (from the CHEMDAT
file) and the negative amount read from the INGUESS file that caused this fatal error. For
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. ‘BATCH’ problem: If the last line in the QUTPUT file states “ROUTINE ONEFLSH”,

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

. ‘TYTRATE’ problem: If the last line in the OUTPUT file states “ROUTINE
FLASHIJ”, the ‘TITRATE’ flag and the MOLES' EXACT" 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...

LES R E S E R RS AL R 2 E T LR R R R E R R E R SRR SRR

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

LER R SRR MRS SRS SRS RS REEER SRR R SR

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 ‘ntNEW T’ in CHEMDAT.

8.1.10 No Convergence on Equi . ..

hkhkhkkddbdkhkdbdhdbhrdrhdtrbhkdtrhtrdtdrhrthrithiat

[on screen]
No Convergence on Bgqui Seolid Suite

[in OUTPUT file]

EXTITED SOLID ITERATION LOOP, MAXIMUM 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 R AR S AR R RS REEEEE L EEEEEEE R R R R E R R E R R
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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 .. .

kkdkhhkhkhkdtdhhrddrrdbrhhrh kA hddkhdhdkdkkhkkdhk

[on screen]
PROBLEM TGO LARGE FOR SPATIAL ARRAY DIMEMNSIONS

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

NSPACE set to 'value for NSPACE'
MWIDTH set to 'value for MWIDTH®
MUOST CONFORM TO THE FOLLOWING

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

MWIDTH*NSPACE+2 .LE. 'wvalue for MXANDY®

Ahkh kA r bk hdkdrdhdkdddhdhbrddbhodtrrhr et

8.1.11.1 Explanation

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

8.1.11.2 Suggested Solution

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

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

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

AR AR R AR A EEE RS E RIS EEEEEE SRS EEEREEEEES N

[on unit €]
Species "H20" must be first species in list
Also, the first 3 chars. must be "H20"

[on screen]
FIRST SPECIES NAME IS NOT H20

LR R R AR AR A SRR R A S AEEASEERERERERE RN ESEREERESE RS
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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 H2O 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 . ..

[ TR R I g I R I g TR R R T U R T R R R R T g

[onn unit 6]

To use TITRATE option, specify:

'"TITRATE" 'LINEAR or LOGLl0' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples of DVMIN (mL) are added to each beaker.
When LOG10 is used, veolumes from DVMIN (mL) to DVMAX (mL) are added to
each beaker on a logarithmic scale.

[on screen]
Check Specifications for TITRATE Option

[in OUTPUT filel
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 I0OG10 is used, wvolumes from DVMIN (mL) to DVMAX (mlL) are added to

each beaker on a logarithmic scale.
SR TR EEE R LR FER LSS B EEE F 5 EEE'S T EESEEEESEEEES

8.1.13.1 Explanation

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

8.1.13.2 Suggested Solution

Check that one of the 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...

LA S AR EREEREEEEE & B E B S IR RS R

[in QUTPUT file]
Trying to shift reaction to the left, but
SMLPRD is .LE. 0.d0
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[or]
Trying to shift reaction to the right, but
SMLRCT is .LE. 0.d40

AR A AR L EREEREESESERERESEEEEE S EEEEEEEEREEESEE

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 ...

hhkkkkhkkhdkkhkddkdrhddhhkokdokhkkdhdhkdddkokdkdkokhd

[on screen]
VALID CHARGE BALANCE ELEMENT NOT SPECIFIED

[in OUTPUT file]

Need to specify the charge balance element
LA R RS AR SRR AR AR EEEEEREAEEEEEEIEEREESEESEES

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" ...

LEA R R LR R E R RS EE RS EEEEEEERE EEEEE R EEEEE

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

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

[on screent
second TITRATE flag incorrectly specified

[in OUTPUT file]



FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
Page T8

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 LOG10 is used, volumes from DVMIN (mL) to DVMAX {(mL} are added to

each beaker on a logarithmic scale.
LR R R R EREE R EEE X B R R R X I e g AR gy

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
INGIUIESS 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 FOR0S8 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 phrase
indicate that the run time value in FMT will be histed.

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

8.3.1 BATCH CALCULATION ERRORS...

LR R R AR SR R R T X R E R R R R R R R R R XS

[on unit 6]
BATCH CALCULATION ERRORS, L2 norm 'value for L2 norm'’
SEE OUTPUT FOR MASS BALANCE ERRCR INSTRUCTIONS

[in OUTPUT file]

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

{a listing of the initial and final abundances, element names and the absoclute
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 /MOLES/ is inadequate

3) Try flashing with /nMOLES/-- this is the

ecasiest way to try to fix the problem
L SR AR E R R AR SRR LRSS RS EER S EREEEEEEEEESEEE X

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 . ..

A AR A A E R ERLESEREARE RS SRS EEEEE SRS R RS EEX.]

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

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

IR R A AR AR SRR R R R SRR SRS ER R EXE LR

8.3.2.1 Explanation

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

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

8.3.3 "EXACT" mole amounts . . .

LA RS A S AR R RS EREE SRR EEER SR LR LRSS LR SRR SEREX]

[in QUTPUT file]
"EXACT" mole amounts not charge balanced
CHARGE= 'wvalue of charge ABUND'

LR A SRS R AR AR RS RERERSEEREREEEEERERRESERSESE]
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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 1.0x1012 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...

LA AR SRR AR SRS R SRR R EEEEEE SRS RSN R

[on unit €] :
MASS BALANCE ERRORS at ISPACE= 'value of Erlenmeyer solution'

LA AR AR L E R LS E AR E LS REEEREEEREEEREEEEE SR EEE

8.3.4.1 Explanation

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

8.34.2 Suggested Solution

None, but answer (if any) is invalid.

8.4 Informational Messages

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

8.4.1 AQ vio 'value of mu' . . .

R R R RS R R ERESREE LR E SRR R EREEE IR E SR ERERERE]

[in oUuTPUT filel

AQ wvio 'value of mu' 'species name' 'name indexX number’'
IR R R RS EREREEEEERESEEEEEEESEEEEEERIREE S LEEE S5-E]

This message occurs in a batch problem when the mu value or concentration of aqueous/sorbed
species exceeds 1.0%10-24 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. ..

(LA S B AR EEEEEEESESERSEREXSEREEEE TR TR T I I TR

[on unit 6}

LECE R R R R R R R R R R R R R I R R g R IR S I g R AR A
R A E R ERREEEEEESEEEEREEREREEREEEEEEBEEEEE RS R T X
**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
*%%xx% BUT CONTINUING CALCULATION ANYWAY ***xix

LA AR EEEEEE AR RS RERRR EEEEEEEEEREEEEEEEEEEEEEE TR

R AR SR S R R AR AR AR SRR R RS R R R R R R R R

[in OUTPUT file]

LA AR RS SRS AR SR SRR RS E RS RS R R R EE R EE R R RS
Ahkrk XX Ak hkdkhhhhkdbrrrhtrhrrdrrhrrrdraddtrdtrrrradrhdesdd

**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
*axkkx BUT CONTINUING CALCULATION ANYWAY *¥***+*

EA AR AR A S AR R R R RN R R ]
LA R AR S S S LR EEEEEEEEEE T RE TS S NS ELE NSRS RS TN

LER A R R ERE RS S S LR SRS EE R RS SRR YRR

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

8.4.3 MU(itl)= ‘value of mu'. ..

IR A AR AR R EREEEEE AR E LSRR EE R EE R R R RS S TS ]

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

[in QUTPUT file]

nonconvergent elemental abundances

MU{ttl)= 'value of mu' x 'value of Erlenmever solution'
table of element abundance

'value for abund(i)' 'wvalue for elnames (i)'
A R R R E R TR R EREEEEERELEREEEEEEEER TR R R T

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

8.4.4 SOLUBILITY PRODUCT VIOLATION ...

LR E RS ST EEEEEEEEERELEETEEETEREEEESEEEERSE X LR

[on unit 6]

kX dhxxxx*x X GOLUBILITY PRODUCT VIQLATTIQN* *** % %k ok
‘species name' ** ‘'value of mu' (**

{in QUTPUT file]
FHX Kk Kk k*k kX GOTTBILITY PRODUCT VIOQLATION* ¥ %k k &k x

'species name' ** ‘'value of mu' *¥
RS R RS T E L R L RS R EE R R X LR 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 Violations . ..

A A RS EEEEEERE SRS S SR REEEREL R R R E TR EEE

[on unit &}
‘count of ' Solubility Product Violations
2dding solid 'name of solid species most oversaturated'’

[in QUTPUT filel
‘count of ' Solubility Product Violations

2dding solid 'name of solid species most oversaturated!'
khdhkdhkF AT hkbhdh kR hkkdkdddohdh kb ko dkdokoddowrkx

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 . . .

bR AR R EREEREEEEE A EEEE RS S LS EREEEEEESESEEEEXXE.]

[on unit 6]

Switching Routine Hung, Ending Batch Calculation
*** Flagh Calculation Terminated ***

*k Infinite Loop Encountered ***

**% gpacepoint=‘value of Erlenmeyer solution'

[in OUTPUT file]

Flash-Terminated {(sp) 'value of Erlenmeyer solution’
*** Plash Calculation Terminated *** - :
*kx Infinite Loop Encountered ***

**% gpacepeoint= 'value of Erlenmeyer solution’
LA S SR SR ERRER LA RESREERE AR R R RE RS R RS EREESRES.]

A species has a calculated concentration right on the border between existing and not existing
(MINABU value multiplied by 1.0x10-6) 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 “cxisting”
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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92.0 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 primary file OUTPUT (.OUT) file lists the problem
identity, echoes the CHEMDAT file, and contains a summary of element concentrations, species
concentrations, and equilibrium parameters for each flash calculation performed.

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

91.1 Batch Problem

Table 26 explains the OUTPUT (.OUT) file generated from a batch problem called
BATCH_DOC. The “Line” column refers to the line numbers listed in BATCH_DOC.OUT.
“Variable Name” column shows applicable FMT program variables and some formulas.

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

Line | Variable Name Description

1 INFNM INPUT filename.

2 INGFNM INGUESS filename.

3 OUFNM OUTPUT filename.

4 CHFNM CHEMDAT filename.

5 notation; FMT sets temperature to 298.15 Kelvin

6 TITLE9 problem title specified on line 1 of INPUT file with ‘FMT’ and version number

appended

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

DBASE2
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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 OUTPUT file
listing in Appendix J and is described in Section 7.3.
17-25 this section contains computation status indicators printed during calculations
to find the equilibrium system.
17-21 | NAMES(i), at the end of the first convergence ipop, 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 ALIITER number of times the diagonalized Hesstan matrix system of equations was
solved to reach the calculated equilibrium state
26 Note: a page break occurs; the first character “1” indicates a Fortran page
break and is deleted before printing the remaining line
26-28 | TITLE99, problem title and CHEMDAT input file (Appendix I identification
DBASEI,
DBASE2
29 PRESSUR, pressure and temperature for baich problem
TEMPERA
31-58 table of Elemental Abundances
ABUND(() “Total Moles” column contains the exact number of moles for each clement as
read from the INPUT file, or as calculated from species abundances as read
from the INGUESS file
AQMOLES(iY “Aq. Molality” column is the total molality for each element in the aqueous
KGH20 phase
AQMOLES()Y/ “Aq. Molarity” column is the total molarity for each element in the aqueous
SOLNVOL phase. This number is calculated from the solution density, as discussed on
lines 54-67.
AQMOLES()/ “Aq. mg/liter” column is the total aqueous element concentration in
SOLNVOLx milligrams per liter
MWELEM()
x1000
ELNAMES(i) identifies the element name corresponding to the row of values in the table
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60-73 this section documents the calculation of solution density, a quantity that is
required only for converting molal units to Molar units. In batch problems, the
density is used only to produce the volume based concentration units (Molar,
mg/liter) printed in the OUTPUT file. The actual calculation of equilibrium is
conducted using mass-based, i.e., molal, units. FMT uses a correlation based
on NaCl solutions (as noted on line 35) to calculate solution density from total
dissolved solids (TDS).
61-63 | SOLMASS, values calcuiated from equilibrium compositions
KGH20x1000,
TDSGPKG
66 SPRHO density specified in the INPUT file for titrate problems. For BATCH problems
the solotion density from the NaCl correlation is automatically used.
69-70 | SOLNVOL, TDS | calculated values based on specified density on line 66
72 DENSITY(2, density calculated by FMT using the NaCl correlation
TDSGPKG)
73 (DENSITY (2, difference between the specified density (line 66) and the density calculated
TDSGPKG)/ by FMT which will always be zero for BATCH problems
SPRHO-1.)x100
77-161 table listing detailed information about the species in the equilibrium problem.

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

NAMES(i) “Species Name” column

MOLALTY((i) “Molality” column contains the species molality, moles per kg H20, for all

or for SOlidf}: species including solids. However, the entry for water is not molality of water,
NMOLES(G)/ which is invariant, but the mole fraction H20 in the aqueous phase, as noted
NMOLES(1)/ on line 170.

MWH20

ILNGAMA()X “Activity” column is the product of the “Molality” and *“Act Coef” columns or
MOLALTY() is defined to be 1 for sohds

LNGAMA®) “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 jth 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
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NMOLES(1)/ “mg/liter” 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 notes on lines 172-
176
163 -(NMOLES pmH: the negative base 10 logarithm of hydrogen ion molality
(NPROTONY
NMOLES(1)/
MWH20)
164 PHVECT pH: the negative base 10 logarithm of hydrogen ion activity
165 OSM osmotic coefficient, a value related to the activity of water; a value calculated
from the Pitzer equations
166 LNGAMA(1)x100 | equilibrium relative humidity, equal to 100% times the water activity
167 IONICST ¢
ionic strength, in molal units, defined as zizmi, where zj is the charge on
i=2
the ith species, m; is the molality of the it species, and index i runs from
species 2 through all aqueous species, with species 1 defined as HpO
168 SPRHO - solution density, calculated as described on lines 60-73
170 notes defining water and gas molality
171
172- notes describing the descriptor column in table of concentrations for batch
176 system
178 Y CHEMPOT(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 nurmber of times the diagonalized Hessian matrix system of equations was
solved; for batch problem, this value is the same as ALLITER on line 25
181 ICNT number of times the species list was changed for computational purposes in the

minimization algorithm

In the BATCH_DOC.OUT file on lines 31-58, the first table gives the elemental abundances in
various units, the first column being the number of total moles, and the second being the aqueous
molality. The “Total Moles” column provides the basis for computation, i.e., the amount of each
element, independent of phase, including hydrogen and oxygen. It is convenient to specify
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material on an approximately 1 kg H,O basis (~55.5 moles H,0). The “Aq. Molality” column
given the 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 Baich System, list
molality, activity, activity coefficient, and a descriptor for each chemical species that can be made
from the elements with nonzero concentrations. For example, note that there are no species
containing “Air”, “TracerEl”, “Th(IV)”, efc. 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 10-6 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 equilibrivm. 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 10-6, thus
indicating convergence. The remaining species, lines 102-161, all have zero concentration. Most
of these species are solids, and the descriptor is the saturation index, SI=log;o(Q/Ksp), an
indication of how saturated the solution is with respect to that solid. A saturation index of 0.0
indicates the solution is exactly saturated. A saturation index less than zero indicates
undersaturation. FMT does not allow solutions to be oversaturated.

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

9.1.2 Titrate Problem

Table 27 explains the printout for a titrate problem using the OUTPUT file generated from
executing Np_NaCl_BM_LOG. (1t 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.QUT. “Variable Names” column shows FMT’s program
names and some formulas.



FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
nge 8

Table 27. OUTPUT File Description for Titrate (See Appendices N, O, and P for sample listings
of Np_NaCl_BM_LOG.OUT, Np_NaCl_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 TITLES9 problem title specified on line 1 of INPUT file with ‘FMT’ and version number

appended

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

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

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

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

24 notation of porosity

27 notation of aqueous density

29 RHFNM RHOMIN filename

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

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

36-44 | GBV(i) unused 3 sets of grid biocks in fracture/matrix transport each containing Ng
solutions

46-139 summary information for the titrant solution flash calculation

140- summary information for the Erlenmeyer solution flash calculation

237

238 notation; first beaker of Erlenmeyer solution




FMT, Version 2.0 WPO # 28119

User's Manual, Version 1.00 November 17, 1995
Page 8

238- summary information for the first beaker (same as Erlenmeyar solution when

336 comrected 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 solution

436 notation; third beaker of Erlenmeyer solution

436- summary information for addition of DV(3)" to 1 liter of the Erlenmeyer

534 solution

535 notation; fourth beaker of Erlenmeyer solution

535~ summary information for addition of DV(4)" to 1 liter of the Erlenmeyer

633 solution

634 notation; fifth beaker of Erlenmeyer solution

634- summary information for addition of DV(5)” to 1 liter of the Erlenmeyer

732 solution

733 notation; sixth beaker of Erlenmeyer solution

733- summary information for addition of DV(6)" to 1 liter of the Erlenmeyer

831 solution

832 notation; seventh beaker of Erlenmeyer solution

832- summary information for addition of DV(7)" to 1 liter of the Erlenmeyer

930 solution

931 notation; eighth beaker of Erlenmeyer solution

931- summary information for addition of DV(8)" to 1 liter of the Erlenmeyer

1029 " | solution

1030 notation; ninth beaker of Erlenmeyer solution

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.QUT.
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1129 notation; 10th beaker of Erlenmeyer solution

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

1227 solution

1228 notation; 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 Erlenmeyer

1722 solution

1723 | TIFNM TITRATE filename™**

1724 | MOFNM MOLES filename*™***

= Summary information for DV(15) in listings for Np_NaCl_BM_LIN.OUT and Np_NaCl_BM.QUT are from
lines 343-441.

LLE

On line 442 in listings for Np_NaCl_BM_LIN.QUT and Np_NaCl_BM.OUT,

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

The batch-generated secondary file FOR088 contains three columns from the “Table of
Concentration for Batch System” in the OUTPUT file. The columns are total species moles,
species name, and species molality with the species reordered as listed in the CHEMDAT file.
FORO088 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 FORO08S file generated from a batch
problem. The “Line” column refers to the line numbers listed in BATCH_DOC.FORO088.

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

Line | Variable Name | Description
1-115 | NMOLES(i) total number of moles for the ith species
NAMES(i} the it species names
NMOLES(1)/ the ith species molality, moles per kg H20 (see line 77-161 “Molality” column
NMOLES(1)/ in Table 26 and Appendix M)
MWH20
2.3 TITRATE

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

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

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

Table 29. TITRATE File Description (Appendix R)

Line | Variable Name | Description

1-3 TITLE99, problem title and CHEMDAT identification
DBASEI,
DBASE2

520 [, DV(j)*1.d3 jth beaker and titrant volume added to jthbeaker
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23-245

NAMES(i)

table of all species molal concentrations

up to 9 columns of species names on a line

i, SPMOLES(i,j)/

jth beaker and species molal concentration

ACONST(1)
%‘g J, IONICST(J) jth beaker and ionic strength
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 TTTRATE and MOLES.

Auvailable for diagnostic purpose, the MOLES file, a secondary output file for the titrate problem,
contains the equilibrated concentrations of the initial solution. The MOLES file should be deleted
after each execution of FMT.

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

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

Np_NaCl_BM_LIN.MOLES.)

Line | Variable Name Description

1-3 TITLESS, problem title and CHEMDAT identification
DBASEL,
DBASE2

5-28 ELNAMES(3), listing of the elements, elemental abundances for injected solution (buret) and
ELTOTALC(,1), initial solution (Erlenmeyer) as read from the INPUT file
ELTOTAL(,2)

30-53 | ELNAMES(Y), after reading the INGUESS file for species abundances, if requested, and
ELTOTAL(,1), equilibrating both solutions the listing of elements, elemental abundances of
ELTOTAL(i,2) the injected solution and the initial solution before any titration begins
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55-170 | NAMES(D, listing of the species, the injected concentrations and the initial concentrations
IICONCS(4,1),
IJCONCS(1,2)
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Appendix A: Sample Screen Display of BATCH_DOC

Appendix A: Sample Screen Display of BATCH_DOC

! Enter chemdat file name to search on: np_am

2 Enter rhomin file name to search on: np_am

{Enter input Eile name (without extengion): batch_gdoc
4 $CMS-T-LIBIS, library is WPSNGNPA_CMSROOT: [FMT)

% 3CMS-S-LIBSET, library set

# -CMS-I-SUPERSEDE, library list superseded

#Elements in CMS$ Library WPSNONPA_CMSROOT: [ FMT]

FMT_HMW_NP_AM.CHEMDAT "Initial load*
FMT_HMW_NP_AM_P&0.CHEMDAT "Initial load*

¥ Belect CHEMDAT name from list above: FMT_HMW_NF_AM.CHEMDAT
% Your {MS library list consists of:

Pt WESNONPE_MSROCT: [ FMT]

image name: *FMT_FMT2PO"

image file ideptification: *PROD PRY6"
image file build identification: "*
link date/time: 21-DEC-1995 11:36:28.86
linker identification: *Ali-14*

* reading chemical species data from CHEMDAT file
%% DG_BYPASS flag set to nDG_BYPASS
%% [ .FPD.TITRATE]BATCH IXX".in; to illustrate/document *BATCH® runs
HW84 /FWE6; Np(VI-Na-C03-0H-C1-C104 (NR94);
Em{IIT)-Ha-Cl-CO3-504-P0O4 |FRSRAS, FRFS0, P91, RFFR92, RFF94,RRFF2Q)

41} pocuracy of reactions is 1.0000E-06
i Minimum elemental abundance is 1.00Q0E-18
42 Number of Adgueous Species is 50

as

* ACTIVITY COEF. FLAG PITZACT

*using PITZER ACTIVITY COEFFICIENT model

44 Charge Balance replaces element Oxygen
7

4% Pxiting Subroukine READDAT

* Char Flags: FLOW/BATCH/TITRATE BATCH UNUSED
his is a BATCH problem
Echo of Mole Specifications: nMOLES nEXACT

3 ECHC PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
110.222364000000 Hydrogen
55.1654821000000 Corygen

9.200000000000000

1.0000C0030000000E~-002
1.0000000000000C0E-003
1.000000000000000E-004
0.110000000000(00

1.000300000000000E-003
1.000000000000000E-004
0.000000000000000E+Q00
9.000000009000004E+000
0.000000000000000E+00D
1.0000G000000DDOOE-DOT
0.0000230000000C0E+000D
0.0000000¢C000000E+0CD
¢.0000000000C0000E+D00
0. 0000000GHI00DDLE+O00
0.4000000030000C0E+000
0. 300000000000000E+000
0.000000000000000E+000
0. 000300006000 000E+000

Sodium
Potassium
HMagnes ium
Caloium
Chlorine
Sulfur
Carbon
PosIon
NegIon
hir

Boran
Bromine
TracexEl
Thi1Vv)
AmM(III)
VI

Rp (V)
€lo4- (EL)
Fhosphorus

0.0C0000000000000E+000 Electren

4.906052920000000E-017 Charge

JLT. (MINABU*1 . d-6) moles NaBOZ.NaCl.2H20_  Teepleite_{20_C); deli&switch
.LT. (MINRBU*} d-5) moles NaB508.5H20 | Scdium Pentaborate; deliswitch
(MINABU*1.4-6) moles NaOH(aq)...... to. titrate,base.only; delgswitch
{MINABU*1.d-6} moles HCl{ag)....... to.ticrate.acid.only; del&switch
{MINABU*] .d-6] moles K2B407.4H20_ K-Tetraborate_{30_C); del&reopt

{MINABU*] ,3-6] moles B4QS (OH}d= B4DS (0H) 4=; del&raopt

; $CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSRODOT: [FMT)FMT_HMW_NP_AM.CHEMDAT fetched

FMT V2.0
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Appendix A: Sample Screen Display of BATCH_DQC

» .LT. [MINABU*1.d-6) moles K8H6(S04!7 Misanite; delireopt
LT. [(MINABU*]1.d-6) moles K8H4{CQ3)6.3H20__ K-Sequicarbonate; deli&switch
LT. {MINABU*1.d-6) moles B30l {0H)4- B303 (CH)4-~; delaswitch
LT. (MINABU*1.d-6} moles Ca4Cl2 (OH)6.13H20 CaOxychloride A; delgswitch

dddrdeaw e kCOIURILITY PRODUCT VIOLATICN**####dwstariw
*Mg{OMIZ___ == Hrucite ** 1.00E+01 *+

*Hkwrwxwn e AGOLUBILITY PRODUCT VIOLATION**%#4sws s
* Mg2CL(OH)3.4H20 MgOxychleride ** §_69E+00 **

2 Solubility Preoduct Viclations

Rdding selid Mg(OH)2 Brucite
pmB = -log[m{H+)] = 12.7140
pH = -log(a(h+)] = 12.8532

Total Diagonal Inversions 85

Total Stoichiomerric Reoptimizations 10
SINGLE BATCH EQUILIBRATION COMPLETED
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

i Enter chemdat file name to search on: np_am

2 Enter rhomin file name to search on: np_am

4 Enter input file name {(without extension): mp_nacl_be; log
+ JCHS-I-LIBIS, library is WPSNONPA_CMSROOT: [ FMT]

% $CMS-S-LIBSET, library set

i -CMS-I-SUFERSEDE, library list superseded

H
@ Elememts in CMS Library WPSNONPA_CMSROOT: [FHET]

{1 FMT_HMW_NP_AM.CHEMDAT "Initial load®
{1 FMT_HMW_NP_AM_FB0 ,CHEMDAT *Initial load"
% Select CHEMDAT name from list above: FMT_HMW _NP_AM.CHEMDAT
Your CMS library list consists of:
WPSNONPA_CHMSROOT; | FMT]

? %CMS-E-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT] FMT_HMW_NP_AM.CHEMDAT fetched

Elements in (M5 Library WPSNONPA CMSROOT: | FMT}

20 PMT_HMW NP _AM._RHOMIN “Initial load"
&1 Select RHOMIN name from list abowe: FMT_HMW_NP_AM. REOMIN
Your CMS library list consists of:

WPSNONPA_CMSROOT : [ FMT]

image name: “FMT_FMT2P0"

image file identification: "FROD FASE“
image file build identification: =
link date/time: 21-DEC-19%5 11:36:28.86
linker identification: “All-14*

3% Entering Subroutine RERDDAT

3% reading chemical species data fyom CHEMDAT file

%% DG_BYFASS flag set to nDG_BYPASS

i Benchmark TITRATE Problem, LOGLC option; Mp{V)O2 with CC31 in 5.6imolal NaCl FMT V2.0
& DATABASE: HMWBA/FWSE; Np|V)-Na-CO3-0H-C1-Cl04 (NR94)

44 95.01,31  Am(III}-Na-C1-CG3-S04-PO4 (FRSRS3,FRF3(, P91, RFFR92, RFF94, RRFF34)

4 hccuracy of reactions is 1.0000E-06
i Minimum elemental abundance is 1.0000E-18
i Number of Adquecus Species is 50

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

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

Character Flags: J.C. nMOLES NEXACT
Character Flags: I.C. nMOLES nEXACT
TEMP is an unused local variasble 180000.1G0000000

TITRATION option requires delta(x)=0.C1 meters
Defining delta(x) as such

DIFFUS Parameter UNUSED= nDIFFUS
CONVEC Farameter UNUSED= CONVEC
SSDIFF Parameter UNUSED= nSSDIFF

7 RESTARRT Parameter Value Read = nRESTART
#3 UNUSED Parameters nPUSHPULL nMULTINI

{-t UNUSED parameter FAAC FLO

i
TITRATION Problem:
-] Assigning all deltaly) to 0.1 m
-] Setting # of nedes in Y-direckticn to 3
-) Setting NOMREACTIVE Porosity to 0.0

Char Flags UNUSED UNUSED RHSFDIF LHESFDIF
Char Flags UNUSED UNUSED nMOLES NEXACT

TEMP ig an unused local variable 9.9%9%9999999399999E-021
Character Flags: VPOROS FRFLASH VPOROS FRFLASH

Specifying VARIARLE POROSITY for TITRATION Problem
Character Flags: WAR_AQ RHO VAR_A RHC FRFLASH

Aqueous Density is a Punction of Composition
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

pH = -log[m(H+) ]
pH = -logla{l+)] = 11.7497
prH = -logimiH+]]
TpH = -legia{H+)] = 5.3205

#2 TITRATION Character Flags

prH = -log[miH+}]
pH = -logla{B+)] = 2.8722
pmH = -log[m{H+) )}

PH = -logla{H+)] = 5.2225
pmH = -log{m{H+]}
PH = -logla{H+)] = %.4695
prH = -leglmiH+)]
PH = -logfa(H+)]) = 5.68719
SpTH = -log[m{H+)]
pH = -logla(K+)] = 9.8493
o = -lag{m(H+)]
DR = -logla(H+}] = 10.0098
= -log[mi{H+}]
-loglalH+}} - 10,1578
= -log[m(H+))
=logla{H+}] = 10.2955
= -log[mlH+}]
~log[alH+]] = 10.4243
= -log[mlH+}]
pH = -logla(H+)] = 10.5454
prH = -log[m{H+}]
pH = -logla(H+]] = 10.6594

End of AutoTitration Problem

cduml= TITRATE cdum?= LOGLO
First Volume Added = 0,10 mL
Final Volume Added = 10.00 mL
PH = -logim(H+)] =
PR = -log[a(H+)] = 5.3208
prH = ~log(miH+}] =
oH = -loglalH+)] = 5.6451
prH = -log(miH+}] =
Wit pH = —loglalH+}] = 5.9936
UhpmH = -Zoglmid+)) =
PH = -logfa{H+]] = 7.9427

3 Char Flag is UNUSED: NC X DIFF nNO X DIFF
%4 Chay Flag is UNUSED: UNIFORM UNIFORM

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

11.6199

5.9141

5.9141

6.2386

6_5870

8.5360

9.4652

5.8154

10.0620

10.2640

10.4408

10.8002

10.7468

10.8825

11.0086

11,1257

11.2341
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Appendix C Sample Screen Display of Np_NaCI_BM_LIN

Appendix C: Sample Screen Display of Np_NaCl_BM_LIN

ITRATE Problem, LINEAR NaCl FMT V2.0

B
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Appendix C Sample Screen Display of Np_NaCl_BM_LIN

TI’I‘RATIGi\l'Cﬁaracter Flags

cduml= TITRATE cdum2= LINEAR
Pirst volume Added = 0.10 mI
Final volume Added = 1.40 mL
$¥ pmH = -log[m(H+} ) = 5.9141
PH = -loglalH+)] = 5.3205
4 pmM = —loglmiH+}] = 6.2386
FH = -lagla(H+)] = 5.6451
pmH = -log{m{H+)] = 8.4116
CH = -logla(k+)] = 7.8183
P = -log [m{H+)] = 9.509%8
pH = -lagla(H+)] = 8.9167
prE = -log(m{R+)] = 9.79086
PH = -logla(H+)] = 9.1977
pnH = -log[m(H+)] = 9.956%
pH = -log[a(H+)] = 9.3641
emH = -logim{H+) ] = 10.0747
pH = -logla{B+)] = 9.4821
fpoH = -log[m{H+]] = 18.1656
pH = -logf{a(BH+}] = 9.5733
pmH = -log[miH+}] = 10.2395
PH = -logla{H+]] = 9.6473
poH = ~log[m(H+) ] = 10.3015
{pH = -log[alH+)] = 9.7095
oE = -log[m(K+)] = 10.3548
pH = ~logla(H+)]) = 9.7631
pmH = -log{m(H+)] = 10.4016
pH = -logla(H+}] = 9.8100
= -log[m{H+)] = 10.4431
“pH = ~logfa(H+}) = 3.8517

= 10.4804
-logla(H+)1 = 9.8892

omil = -log({m({H+j} = 10.5142
pH = ~logla{B+]] = 9.9232

End of AutoTitration Problem
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Appendix D Sample Screen Display of Np_NaCl_BM

Appendix D): Sample Screen Display of Np_NaCl_BM

vy d

iomi: np_nacl _bm

frves T
P GHOHDA

kS

n b



FMT, Version 2.0
User’s Manual, Version 1.00

WFPO # 28119

November 17, 1995

Page 104

Appendix D Sample Screen Display of Np_NaCl_BM

%% TITRATION Character Flags
cguml= TITRATE cdumi= ASREAD

reading titrant volumes from imput file
First Volume Added = 0.10 mL
Final volume Added = 10.00 mL

G pmE = -log[m{H+)] =

S8 pH = -logla(H+) ) = 5.3205
B = -log[mi{B+)] =
pH = -logfa(H+)) a 5.6451
omH = -log[mi{l+)] =
pH = -logla(H+)) = 5.9926
rmB = -logim{H+)] =
pH = -logla({H+)) = 6.2353
pmH = -log(m{B+)] =
pH = -loglail+)] = 6.6995
poH = -log{mi{H+) | =
pH = -legla({H+t)] = 7.9427
pmH = -log[m{H+] ] =
pH = -logla{l+)] = 8.3317

HiZ pmH = -log[m{H+)} =

PG pH = -lagla{l+)] = 8.5655

ilipmH = -log[miH+) ] =
pH = -loglail+)] = 8.7166

= ~logimiH+}) =
pH = -logia{BH+1] = 8.8722
prH = -log [m(H+}] =
DE = -logla(H+i} = §.2225
pmH = -log(m(H+)] =
pH = -loglaf{H+}] = 9.4695
pmH = -log(miH+}) =
DH = -log[a(H+}] = 5.8493
o = -log[m(KE+)) =
pH = -logla(H+)] = 10,2955
puH = -log(m(l+)] =
pE = -log(alH+}] = 10.659%4

End of AutoTitration Problem

o

o

o

-

w

10,

10,

10

11,

L9141

-23B8

.5870

.B2BF

293¢0

.535%

.9250

.1587

.3098

L4653

L8154

0620

4406

-8825

2341
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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 "BATCE" runs'

'CHEMFILE'
. 'BATCH', 'UNUSED’
"MMOLES', 'nEXACT',

: 1.10222364E+02 Hydrogen

3 5.51654821E+01 Oxygen

x 2.00000000E-01 Sodium

o 1.00000000E-02 Potassium

o 1.00000000E-03 Magnesium

1% 1.00000000E-04 Calcium

o) 1.10000000E-01 Chlorine

13 1.00000000E-03 Sulfur

i 1.00000000E-04 Carbon

i 0.00000C00E+00 PosIon

1y 0.00000000E+Q0 NegIon

3 0.00000000E+00 Air

T 1.00000000E-07 Boron

20 0.00000000E+00 Bromine

| 0.00000000E+00 TracerEl

# 0.0000000Q0E+00 Th{IV)
. E 0.00000000E+00 Am(III)

4 0.CO000Q0000E+Q0 U(vi)

i5 0.00000C00E+0D0 Np (V)

S 0.00000000E+00 Clo4d-{EL)

a7 0.00000000E+00 Phosphorus

2 0.00000000E+00 Electron

& 4 .90605392E-17 Charge
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Appendix F: Sample Input File "Np_NaCl BM_LOG.IN"

Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN”

'Benchmark TITRATE Problem, LOG1C option; Np(V)02 with C03 in 5.6lmolal NaCl®
'CHEMFILE'

'TITRATE', 'EXPLICIT’,
'MMQLES', 'nEXACT',
1.11017363E+02 Hydrogen
6.15086815E+01 Oxygen
5.61000000E+00 Seodium
0.000000Q00E+00 Potassium
0.00000000E+0QQ Magnesium
0.00000000E+00 Calcium
1.61000000E+00 Chlorine
0.0Q00000CE+0Q Sulfur
2.00000001E+00 Carbon
0.00000000E+0Q0 PosIon
0.0000000CE+QD NegIon
0.00000000E+0D Air
0.000G0000E+GO Boron
0.00000000E+0Q0 Bromine
0.000C0000E+Q0Q TracerEl
0.00000000E+QD Th{IV}
C.00000000E+00 Aam{ITT)
C.00000000E+00 U{vI)
0.00000000E+00 Np (V)
0.00000000E+0QD Cl04- (EL}
0.00000000E+00 Phosphorus
0.00000000E+0Q0 Electron
-2.22044605E-15% Charge
'NMOLES', 'nEXACT',
1.11018363E+02 Hydrogen
1.05508682E+02 Oxygen
1.56100000E+01 Sodium
0.00000000E+00 Potassium
0.00000000E+0QD Magnesium
0.00000000E+00 Caleium
5.61100000E+00 Chlorine
0.00000000E+0D Sulfur
1.00000000E+01 Carbon
0.00000000E+00 PosIon
0.00000000E+0Q0 NegIon
0.00000000E+00 Air
0.000000C0E+Q0 Boron
0.00000000E+0Q0 Bromine
0.00000000E+00 TracerElL
C.00000000E+00 Th{IV)
0.C0000000E+CO Am{ITT}
0.00000000E+00 U{VI)
1.00000000E+01 Np (V)
0.00000000E+00  Cl04- (EL)
0.00000000E+0D Phosphorus
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0.00000000E+0D Electron
24 —2.37316632E-15 Charge

ss 15  2.25d3 0.002540 1.80000145 'nDXVARIABLE'
z» 'mDIFFUS',

2 'CONVEC',

2 'NMSSDIFF',

¢ 'mMRESTART',

51 'mMPUSHPULL', 'nMULTINJ',

=z 201 20 '‘nLOTS' 10

a2 'RNTGRAD' 'LINEAR'

# '"FRAC FLO' 'nTWO PHASE' 'nMASS TR'
g 3
ar 0.1d40 0.240 0.3d0

s¢ 1.d-7 0.40 ©.18291d40 0.2d40 0.40 'RHSFDIF' 'LHSFDIF'

sz 'MMOLES' 'nEXACT' Plain old pure H20

1.11017364E+02 Hydregen
5.55086820E+01 Oxygen
75 0.00000000E+Q0Q Sodium
7 0.00000000E+00 Potassium
74 0.00000000E+0Q0 Magnesium
5 0.0000000C0E+00 Calcium
] G.00000000E+00 Chlorine
v 0.00000000E+00 Sulfur
TR 0.00000C00E+GO Carbon
Vi 0.00000000E+DO PosIon
a5 0.00000000E+00 NegIon
23 0.00000000E+00 Alr
i 0.00000000E+0D Boron
£ 0.00000000E+00 Bromine
a 0.00000000E+00 TracerEl
ai 0.00000000E+00 Pu{III)}
54 0.00C00000E+0D Am(ITII)
B 0.00000000E+00 U{vI)
g 0.00000000E+00 Np (V)
1 0.0000Q0000E+00 Cl04-(EL)
5 0.00000000E+00 Phosphorus
% 0.00000000E+0D Electron
S C.0000C0000E+0QD Charge

g« 1.d-12 1.d4-20 (fracture, matrix permeabilities)

« 'VPOROS' 'FRFLASH'

{NOFLASH or FRFLASH, default is all flash)

'VAR_AQ RHO' 1074.940

%7 'nNQ X DIFF',
sy 'UNIFORM', O

@ 'TITRATE', '‘LOG10',0.1d40,10.40, 'nINJSOLIDS'
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Appendix G: Sample Input File “Np_NaCl_BM_LIN.IN”

TITRATE Problem, LINEAR option; Np(V)}02 with C03 in 5.61lmolal NaCl'

e
w PR R

5]

23

i
Fon

3a
s
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Oy

Pogrp
HEIN
FRPLIUILILL

'"TITRATE', 'LINEAR', .1,10, 'nINJSOLIDS'
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Appendix H

Sample Input File “Np_NaCl_BM.IN”

1 'Benchmark

e . g

TITRATE Problem, LINEAR option; Np(V)02 with €03 in 5.6lmolal NaCl'
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Appendix H: Sample Input File “Np_NaCl_BM.IN"

e H LG
e It B bt .
e LT = EE
fe ERCE R AR - et
. . N
PRI H i
B PR ST R (Y

SO
PR

‘TITRATE', 'ASREAD', (0.140,10.d40, 'nINJSOLIDS"
0.10000
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0.14251
0.16
0.18
0.20309
0.22
0.24
0.26
Q
0
G
1
3
1

.28943
.4124¢
.58780
.1538
-4551
0.000



FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
Page 113

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

1.1

Listing

P 'DATABASE: HMWHQ/FWSE; NplV)-Na-CO3-CB-C1-0104 [NR99) ;!
©'95.01.31 Am(III}-Na-Cl-C03-804-POd4 (FRSREY,FRFI0, P91, RFFR92,RFF54, RRFFH) *
i
423 115 'mNEW T' 'nACTCOEF' 'nECHO' 'nABCD'
#200 1.4-6 1.4-18
# 'NONE' 298.15 1 .40 £.d0
% 'Hydrogen' 'Oxygen' 'Sodium' ‘Potassium’ ‘Magmesium' 'Caleium' 'Chlorine' 'Sulfur' 'Carbon' 'PosIon’
'NegIon' 'aAir’' 'Boron' 'Bromine' 'TracerEl' 'ThiIv]' 'Am{ILI)}' ‘UIVI)* 'Npi{V)' 'ClO4-IEL)"
'Phogphorus' 'Electron' 'Charge’
1.4079 15.99%4 22.98377 239.0983 24.305 40.08 35.453 22.06 12.011 9.0 0.0
28.94 1¢.81 79.%04 0.0 232,0381 243.0 238.029 237.0482 99.4506 30.974 0.¢ 0.0
WATER* 21000000 OQOQCRO0CO0O0CDOO0DN O 1 -95.6635 HMAB 4
Re+' 001 0DRODDDODOODPODOODRDOOD 1 1 -1D5.651 HMWB4
K+ 000100000000 0000000000 1 1 -113.957 HMWS4
Cav+' ODOCODL1LO0CODODO0OEOCCOODOO0D 2 1 -223.3¢C HMWS4
Mg++' 000 0100000000000 OO00DO0 2 1 -183.468 HMWS4
MgOH+' 11 0010000000000 DOO0DOO0ODN 1 1 -251.%94 HMWB4
E+' 10000080 000000060600000¢0C 1 1 4. B84
- 000D0O0CLOO0000COO00OO0D000 -1 1 -52.958% Hwi4
S54=" 04 000001000000 0C000D0C0Q -2 1 -300.386 HMWE4
HSM-' 14000001 00CD00DQOQQ00QQO0DTQ -1 1 -304.942 HMWE 4
Og-'' 119000000 0000000000QQ000J0 -1 1 -53.435 HMWE4
HCO3-* 1300DCO0OQ1000C000QO0D0DCOD0CD0Y -1 1 -236.751 HMWB4
CO2=' 03 00D0DODL1LOODCOOCODODODO0NO-2 1 -212.944 HMWE4
Co2lag)' 0240000 L1O00DODODOODROGD O 1 -155.88 sl
'Cato3 (ag) CacO3{ag)' 0300010010000 00C00CQBO0DN0 @ 1 -4431.5 HMW84
MgCO3 (aq) MgCO3{ag)' 03 D0 1C 1000000000000 D0 O 1 -403,155 HMWS4
E{OH)3 (ag) EBiCH)3(ag)' 3300000000001 00000D0CO00 0 1 -350.81 FWBE
B(DH} 4~ BIOH)4-' 4 4000DO0Q000C100000000¢40 -1 I -465.20 FWGE
*B303{0HI4- BIOJ(0HI4-' 4 70D 00D00C0O0O0OD3Q0000CG0O0O00 -1 1 -963.77 FWa6
> 'BAOS [OH} 4= B4OS(OH)4A=' 4 90 000D 00O0CBQDA000000B0O00 -2 1 -1235.10 FW86
Cak (OH) 4+ CaB(OH)d+' 4 4 0 0010000001000 00D0000D 1 1 -692.30 FW3E
MgB{UH)4+' 4 400 10DOCQOOD0OL1000C00D0O0O0D0 1 1 -651.89 FWB&
Br-- 0000ODOGODOO0ODOO0LOOCOOCDO -1 1 -999.99 arbitrary
pexchlorate ClO4-' 0 0000000 OQOCDOCO0CDO1C0O -1 1 -~999.99 arbitrary
to.titrate.bage.only’ 11100000000 CQO0CQCO0O00QQ00 O 1 5so0. arbitrary
....... to.titrave.acid.anly' 1 00 0 6 01000 0QODODDODDOOD D 1 spo. arbitrary
..... to.titrate.acid.only' 1000000000000 00D0O00D100 0 1 500. arbitrary
................ POSITIVE.ION' 000300000100 00000000C00 1 100, arbitrary
MNeglon......... L .NEGATIVE.ION* 0 0 0 p 0 Q00001000000 00DRGCO -1 1 0. arbitrary
'PesIon{JH) (ag) . ko .titrate.base* 1 100000001 C0000000QO0O0CC0 O© 1 sg0. arbitrary
'HNegIon{agl.,...... to.titrate.acid’ 1 00p0o0Q0CCQO0OClO0OQ00000QOCOO0 C 1 s040. arbitrary
conservative.trater' 0 0 0D B O00COC0O0O0010CDO0C0O00 O© i o. arbitrary
'HIPQ4 (ag) mrod(aq)' 340000000 00CDQ00C0OQ0C0Q0CLY O 1 ~460.90 RFFO2
"H2POg- HZPO4-' 240 00000000C00CBBO0O0CB010D0 -1 1 -455.86 RFF92
'HPOA = HPO4=' 140000000 CGO0ODRDOO0OC0OD0D01D0 -2 1 ~439.367 RFF94
PO4d=- PO4=-' 0400 000C0O0O0R0000CO0O0C00QO0DD10-3 1 -410.947 RFF394
& NpD2+ MoD2+* 0200000000000 R000C0C1000 1 1 -369.127 NW&R94
¥ ‘NpOZOH(ag] MNpQ2OH{agl* 1 30000 0CQaQaOCOO0Q0QOO0DO1IODRD D 1 -438.518 NERS4
RpC2 |0H) 2- Mpl2{(OM)2-' 24 00000pPAQ0CD0CO0OCY0CGD1000-1 1 ~505.829 N&R3
'NpO2C03~ Np2CD3-* 0 5000000 100000CDO00CGO100D -1 1 -594.4392 N&R94d
*Np02 (003 ) 2=- MpO2{CO3t2=-' 0B QO C000200000000G0C1000-3 1 -808.403 N&R9d
'NpO2 (CO3 )} 3==- HpO2(CO3}3z=-' 012 0 00 00D300000000010C0C490-5 1-1019.918 N&R94
' A 44 Avrr' 0 OO COO0O0OOCDOODOOD1IOQOCOO0 3 1 .241.694 FRF94
BmCG3+ AMCO3+* 03 0000001000000 0QC1L00000 1 1 -472.060 FRF30
s Am{C0312- AR(CO3)I2Z-' 06 ODO0O0DO20000D00100Q0C0C0 -1 1 -65%5.880 FRF9(
Am[CO3} 3=~ Ami{CO3)3=-' D9 DOCO0OCOD300DCODOO0OLXQO0ODD -2 1 -915.460 FRF30
' Am (OH} 2+ Am(OH}:+* 22 000 00Q00CQ0CCOO0OO0100DOC 1 1 -333.647 RFFR9Z
Am(OH) 3 {aq) Em{OH}3(ag)' 33 0CDODCO0O0OOCODODRLAOCOO0 O 1 -462.950 RFFRIZ
Th++++' Q0 Q 000 CO00CQCOCODDO0CLOOO0DOO00 4 1 -999.99 arbitrary
VIVIIO2Z++* 02 0000 000DOQOOCCRO0OR100C00 2 1 -999.99 arbitrary
HpO2CH{aged) ________ NpC20H(aged)' L 2 000 0000000000 O0DBE1I0O00 O 2 -454.010 NiR94
- 'MpO20H{amor) _ NpO20H{amer)' L 300000000000 0Q0CODD1IODQ O 2 -452.842 N&R94
NaNp02C03 (s) NaNpQzCQ3i(s)* 0 5100800D10C0DOCODO00CO1O00CG Q 2 -713.747 N&R%4
"Na3Np0Z(C03)2(s) DISARLED DISABLED' 0 8 3 00 D0 0200090000001 000 O 2 999.9% arbitrary
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7 WaOHCO3 (o) AMOOHCCI{c)' 1 4 00 0DO0DBK1000CO000R100000 0 2 -569.%80 FRFI0
55 Am(OH) 3 (s} AmM(CH}3(s)' 3 300D0OGCQ00000000C100D000 0 2 -492.294 FRSRBI
51 'NaAm(CO3)2.6H20(c)____ ' 121210000603 20000000100000 0 2 -1395.494 RRFF34
'AMPOA (C) AmPO4(c)' 04 0Q00000QOO0D0ODO010001D O 2 -709.750 RFF94
'casod hnhydrite’ 0 4000:10100000000006000C00 2 -533,73 HMWS4
'NaK3 ($04)2__aphthitalite/Glaserite’ D 813 00D200DO0COD0O0DQAO0O0D0A0 2 -1057.05 HMWS 4
'caCl? . 6H2O. Antarcticite' 12 §00D12000D0DOCDROOCD0OO0ODCO0 2 -893.65 HMWZ4
'CaC03____ 2202 Aragonite’ 0 3000100100000 QO0CDOO0O0O0O0D0 2 -455.17 HMW84
5 'K2504 Arcanite' 0 402000100000 CO0OD0QQODDO0O00 2 -532,39 HMWS
'MgCl2 . BH20, Bischofite' 12 600 102 000C00D000CO0D0O0O0D0 2 -853.1 HMW84
'NaZMg (5043 2. 4H20, Bloedite® B 12201 00200000D000D000DO0O00C 2 -1383.§ HMWE4
'Mg(OH)2_____ =~ = Prucite’ 2 200100000000 0CO00CGQOD0O0O00 2 -335.4 HMWE4
'NabC03 [504) 2 Burkeite' 011 6000021000000 00000000 2 -1449.4 HMW84
17 1 Caco3 Caicite’ 0 30D0010€100000000CO0D0O00CD0 2 -455.6 HMWS4
G4 'CaCld 4H20__ CaCl2 Tetrahydrite' 8 4000120000000 000C000000 2 -6%8.7 HMW84
' CadCl2{OH)6.13H20_ Calxychloride A' 32 19 0 0 0 42 000 00D GO0 QOD0DDDO00 2 -2658.45 HMWS4
i Ca2C12{0H)2.H20___CaGxychloride B* 4 3 000220000000000800D0000 2 -778.41 HMWA4
'RMgC13 . 6HZO. Carnallite’ 12 601 103000000480080000C0 2 -1020.3 HMWE4
"MgS04 . TH2O, Epsomite' 14 11 ¢ 01001 0000000000000C0C0 2 -1157.83 HMW84
‘CaNa2 (£03) 2, SH20 Gaylussite' 10 11 200100200000000000000 2 -1360.5 HMWE4
'Na2Ca{S504)2 Glavberite' 0 820010200000000000000%0 2 -1047.45 HMWE4
‘CaS04 . 2H2Q, Gypsum' 4 600 010100000000 00D0O0C0CD0 2 -725.5 HMWB4
'NaCl Halite' ¢ 010001000000 0DO0O000O0C0 2 -154.99 HMWB4
‘Mg S04, 6H2Q Hexahydrite' 12 10 00 100100000 0C000C00000 2 -1061.60C HMWB 4
'KMgC1S04. 3E20 Kainite' 6 7011011000000000Q00Q0C0 2 -938.2 HMWB4
' KHCO3, Kalicinite* 1 3 010¢00100000000000G00%0 2 -350.06 HMWB4
‘MgS04 . H20, Kieserite' 2 50010010D00DJO00DGODOO0ND 2 -579.80 HMWBL
‘F2Mg(S04}2.4H20__, . leonite’ 8120210020000000000080048 2 -1403.97 HMW84
'NadCa {50413, 2H20, labile Salt' 4144 001030000000000000040 2 -1751.45 HMWE4
+ ‘MgCO03 M ite* 0 200100010000000000080C0 2 -414.45 HMWBE
‘Mg2CL(0H}3.4H2G_____ MgOwychloride' 11 704 20100040000000000800C48 2 -1029.6 HMWEB4&
'RHSO4 Mercallite' 1 40100010C000000CG0000000C0 2 -417.57 HMWB4
‘Na2504 . L0H2Q Mirabilite' 20 14 200001 00000000 Q0000030 2 -1471.15 HMWB4
‘KBHE (S04) 7 Migenite' 628 0800070000000 000000C0C30 2 -3039.24 HMWB4
'HaHCO3 Nahcolite' 1 310002 01D0CO0D0DO0O0ODCODCO0R 2 -343.33 HMWB4
'Na2C03 . 10H2Q Natron' 20 13 20000 0100000000000 000C 2 -1382.78 HMHB4
‘MgCO3 , 3H2C Mesquehonite' 6§ 600G 1000100000000 000000 2 -695.3 HMWBA
‘HZMg (S04} 2.6H20 Picromerite/Schosn' 12 14 02 10282000000 0DRO0DDODNG I -1596.1 HMWE4
'Na2Ca(CO3) 2. 2120, Pirssonite’ 4 820010020000000000000°¢0 2 -1073.1 HMWE4
b 'K2MgCaZ (S04 ) 4. 2H2C, Polyhalite 4 18021203400000000000000¢0 2 -2282.5 HMW 54
CalOH) 2 Portlandite' 2 2000102 0000000000000000 2 -362,12 HMWBA
! 'K2003.3/2H20__ Potassium Carbonate' 3 4,502 00001 0000C0DQQO0DAO0DN 2 -577.37 HIWEA
‘EBH4 (CO3)6.1420___K-Sequicarbonate' 10 21 0 8 0 00 060 3000000000000 2 -2555.4 HMWE4A
% ' KNBCO3 , 6H20 K-Na-Carbonate' 32 911000010000 0000C000D0D0 2-1006.8 HMWE4
‘H2NaH(CO312,2H20__ Potasgium Trona' 5 812000 020D000000DC00DD0D0D0 2 -571.74 HMWEY
'EIH(504)2__Sesquipotassium Sulfate' 1 B 03000 200G00000CGAO0000G 2 -950.8 HMWE4
‘NaJH(504)2Z ____ Sesquisodium Sulfate' 1 B3 D Qo 0Q20D0DC00000GO000000 2 -919.6 HMWSE4
'Na2C03 , TH20, Na2CO3-Heptahydrate' 14 10 2 000 0 010 ¢ 00 QCO0DCO0O0O0D0D 2 -1094.95 HMWBA
'KCL, Sylvite’ 0 00100100DG00D00DCO00DD0O0CD =z -164.84 HMWB4
'K2Ca (S04) 2 .H20 Syngenite' 2 90201020D0000D00000R00D0O0CDR 2 -1164.8 HMWEA
"Mg2Cacls . 12H20 Tachyhydrite' 24 12 0021 6000C00Q000CO0000D00 2 -2015.9 HMWEA
Th dite’ 0 420000100D00CDBO0O0BOO0ODA0D 2 -512.35 HMWEB4
‘NalCo3 . H20, Thexmonatxite' 2 42000001000C000D0O00BDODOD 2 -518.8 HMW84
'Na3H(C03)2.2120 Trona' 5 83 0040D02C000C000B00000CD 2 -960.38 EMWEA
"NaZB407.10H20 Borax' 201720000000004000G0000000 2 -2224.15 FWEE
B(OM)3. . Borix Acid Selid® 3 3000000000010000000040 2 -390.88 FWE6
'EB508 .4HX0 _ X-Pantaborate (30.C)' B 120 1000000 0D50000000000 2 -1770.26 FWAE
'E2B407_4HI0__ X-Tetraborate {30 C)' B 11 02000 000004000000 0000 2 -1663.47 FWHE
i "NaBO2 . 4H2G Sodium Metaborate' 8 61 00000000 0C10000000000 2 -761.42 FWAE
'NaB504 . 5H20 Sodium Pentahorate' 10 13 1 0 Q00 Q0DHO0050000000000 2 -1854.80 FWE6
'NaBO2 .WaCl.2H20__Teepleite (20 C}* 4 4200010003 00100D00000000 2 -725.77 FWR&

'nDG_BYFASS' 0

'PITZACT' .

13 #Cat Na,K,Ca, Mgy, MgOH,H, MgB (OH) 4+, CaB (OH) 4+, Ams++ , AmCO3+ , Thi+++, U024+, NpO2+

20 #ani  C1,504,H504,0H,BCO3,C03, B(CH) 4, B302 (OH) 4, B4OS (CH} 4, Br, Am(C0C3 ) 2-, Am(C03) 3=-,CLO4-, NpO2 (OH) 2-, KpC  NpC2, NpC3 , H2Ro4, HPOL , POY
& #Neu COZ,CaC03,MgC03, R(OH)3, HIP04

1 .0765 L2644 .0 .00127  Na+ C1- HMW84 (betal, betal, betal, cphi)
1 .0is5s8 1.113 L0 LBG4587 Ha+ 504> HMWE4

1 .0454 _398 .0 .0 Na+ HSO4- HMWE4

1 .0864 .253 .0 .0D044 NWa+ OH- HMWE4

1 .0277 L0411 .0 .0 Ha+ HCO3- HMWB4

1 .039% 1.38% .0 .0044 Ma+ CO3= HME284

1 -.0427 .089 .Q L0114 Na+ BIOH){- FWE6

1 -.056 -.910 .0 .Q Na+ B303{0H)4- FWBS

1-.11 -.40 0 .a Na+ BAOS |0E) 4= FWi6

1 .0 .0 .0 .0 Na+ Br-

1 .0 -8.37 .0 .0 Na+ Am(C03]2- RRFF94

1 ~-.34 B.1 .0 .418 NMa+ Amic03)d=- RRFF94, FAFS0
1 .0554 2755 .0 -.00118 Na+ Cl0o4- P31

1 .a .0 .0 .0 Na+ NpO2(OH]2- NR%4

1 .161 .G .0 .0 Na+ NpO2C03- NR%4

1 .407 R N .0 MNa+ NpO2(C0312=- NRG{

1 1.97 16. .0 .0 Na+ NpO2(C03)3==- NR%4

i -.0533 0296 .0 .00795  Na+ HIPO4- P91

1 -.0583 1.466 .0 . G294 Na+ HPO4= F9l

1 .17831 3.851 .Q -.05154 Na+ POd=— P9l
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-04835 .2122 .0 -.00084 K+ Cl- HMW84
04595 L7793 .0 N K+ 504= HMW84
-.0003 .1735 .0 .0 K+ HS04- HMW34
.1298 .320 .0 0041 K+ OH- HMWE4
. 0296 -.013 .0 -.008 K+ HCO3- HMWE 4
.1488 1.43 .0 -.001% K+ CO3= HMWEY
035 214 .0 -a K+ B{QH)4- Fwh6
-.13 ] R .0 K+ BI03 (OH)4- Fwas
~.022 .0 A .0 K+ B405 (OH} 4= FWRG
.0 .0 .9 .0 K+ Br-
-0 4 .9 .a ¥+ Anm(CO3)2-
.0 N .0 .0 ¥+ Am{CO3)3=-
0 K 0 .0 K+ Clod-
-0 .0 .0 .0 K+ NpQ2 (OH) 2-
.0 -0 .0 -0 ¥+ NpQ2C03-
.0 W0 .0 .0 K+ NpO2(CD3)2=-
.0 .0 0 .0 K+ NpO2 (CO3)3==-
-.0578 -.1042 -0 .0 K+ H2PO4- P9l
.0248 1.274 .0 L0184 K+ HPQ4= P31
.3729 3.972 .0 -.08680 K+ POd=- P31
1 .3159 1.614 -0 -.00034 Ca++ Cl- HMW34
2 .20 3.1973 -54.24 .0 Ca++ SQ4= HMWB4
1 .2145 2.53 .0 .0 Ca++ ESO4- HMW34
1 -.1747 ~.2303 -5.72 .0 Ca++ OH- HMW34
1 .4 2.977 I .0 Ca++ HCO2- HMWE4
2 . .0 0 .e Ca++ CO3= HMI84
1 [} -0 o .Qa Ce++ B{OHI4- FW8E
1 .0 -0 [ .0 Ca++ B3DI(QH}4-  FWa6
1 [ .6 o .Q Ca++ B40S(OH) 4= FW36
1 o -0 0 .0 Ca++ Br-
1 .0 .0 ] .0 Ca++ 2m(CO3)2-
3 4 -0 o .0 Ca++ AM(COZ) 3=~
1 .4511 1,756 k] -.G0500 Ca++ ClOd- P9l
1 .0 .0 o .0 Ca++ NpO2 (0H)2-
1 .0 -0 D .o Ca++ NpO2003-
3 .0 -0 0 .0 Ca++ NpO2{C03)2=-
3 0 .0 0 .0 Ca++ NpOZ2(CO3)3==-
1 .0 .0 ] .0 Ca++ H2PO4-
2 0 -0 0 .Q Ca++ HPO4=
3 0 -0 0 .0 Ca++ PO4=-—
1 .35235 1.6815 .D .0DS19  Mg++ Cl- HMWEd
2 221D 3,323 -37.23 .D25 Mg++ SO4= HMWA4
1 .4746 1.729 .0 -0 Mg++ BEQ4- HMW84
1 .0 .0 .0 .0 Mg++ OH- HMWS4
1 .329 .6072 .0 .0 Mg++ HCO3- HMWB4
2 .0 .0 .0 .0 Mg++ CO3= HMW84
1 .0 .0 .0 4 Mg++ B{CH] 4- FWSE
1 .0 .0 .0 .0 Mg++ B3C3(0H)4- FWEE
1 .0 .0 .0 0 Mg++ B4DS(CH)4=  FPW86
1 .0 .0 .0 .0 Mg++ Br-
1 .0 .0 .0 Rl Mg++ Am({C03)2-
ERN .0 .0 .0 Mg++ AmM(C0I3=-
1 .4961 2.008 .0 -009578  Mg++ ClO4- P31
1 .0 -0 .0 ¢ Mg++ NpO2{CH)2-
1 .¢ ¢ .0 .0 Mg++ NpO2C03-
3 .0 -0 .0 -0 Mg++ NpO2{C03)2=-
3 .0 -0 .0 .a Mo+ NpOZ{CO3)3==-
1 .0 .0 .0 -0 Mg++ H2PO4-
2 .0 .0 .0 .0 Mg++ HPD4=
i .0 .0 .0 .Q Mg++ POd=-
1-.10 1.658 .0 .0 MgOH+ Cl- HMwa4
1 .0 N .0 .0 NgOH+ S04= W84
1 .0 .0 .0 .0 MgOH+ HS04- HMWE4
1 .0 .0 .0 .0 MgOH+ OH~ HMWA4
1 .0 .0 .0 .0 MgOH+ HCO3- HMWE4
1 .0 .0 .0 -0 MgOH+ CO3= HMWB4
1 .0 .0 .0 .0 MgOH+ B{QH)}4-
1 .0 .6 -Q .0 MgOH+ B303 (0OH) 4-
1 .0 .0 .a .0 MgOH+ B4OS{0H) 4=
1.0 .0 .0 .0 MgOH+ Br-~
1.0 0 0 .0 MgOH+ Am{{03)2-
1 .0 .0 .0 .0 MgOH+ Am(CD3)3=-
1 .0 .0 . ) MgOH+ Cl04-
i .¢ .0 .0 -0 BgOH+ NpO2{CH)2-
1 .0 .0 .0 .0 MgOH+ RpO2C03-
1 .0 .D -0 .0 MgDH+ Fpo2 [CO3 ) 2=-
1 .0 .0 NG .0 MgOH+ Np02(C03)3==-
1 .0 .0 .0 .0 MgOH+ HZPO4-
i .0 N .o .0 MgCH+ HPOQ4=
1 .0 N N Rl MgOH+ PO4=-
1 .1778 2945 o .ogas H+ Cl- HMWE4
1 D298 D D .D438 H+ S04z HMW84
1 .2065 5556 ] o H+ H504- HwWo4
1 .0 0 0 .0 H+ OH- a4
1 .0 .0 .0 .0 H+ HCOD3- HMH4
1 .0 N .0 ] H+ C03= HMWE4
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H+ B{OH)4- FWRS
H+ B303 (OH)4- FWES
H+ B4Q5(CH) 4= FWB&
H+ Br-
H+ Am{C03)2-
H+ Am(CQI) 3=-

0819 H+ Clod- Fgl

NpOZ {OH) 2~

H+ NpC2Co3-

H+ NpO2(CO3}2=-

H+ NpO2Z(C03t3==-

H+ H2PO4-

H+ HPCd=

H+ PO4=-

-1
[
-]
coooncoooooooo
T
+

CoDDGROOOO DR

HFREPRBRUHNRRBREBRRP
oosoob'c'g'o'u'aé'c'o
[N}
e
CoocococoooOo@oDGo

(= ~]

m

MgB {OH) 4+ Cl- HMWS4
MgB {0H) 4+ S04= HMWSA
MgB{0H) 4+ HSO4-  HMWS4
MgB {OH) 4+ OH- HMWS4
MgE (OH) 4+ HOO3-  HMWBA
MgB {OH) 4+ CO3= HMWG4
MyB(OH) 4+ B({OH)4-

MgB (OH) 4+ B303 (OH) 4-
MgB (OH) 4+ B405 (OH) 4=
MgE (OM) 4+ Br—

MgB (COH) 4+ Am(CO3)2-

MgB (0H) 4+ Am(CO3)3=-
MgB {OH) 4+ C104-

MgEIOH) 4+ NpO2 {OH)Z-
MgB (OH) 4+ NpO2CO3-

MgB (OH) 4+ Np0O2{C03)2=-
MgB{OH) 4+ NpO2{C03) 3==-
MgB (OH) 4+ H2PO4-

MgB {CH) 4+ HPO4=
MgB{CH] 4+ POd=-

CODC0O0CoUTORRRCODO0 K
CooCoOOGCoUODODDOBOADG DD

ObboCobboOoCoDUCROOD @

FRHERFRFARREBHEBRHERERR SRR
cooPpoO0DOooODDOOOOCRoDOO

L+

CaB{0H) 4+ Cl-

CaB|CH) 4+ S04= HMW84
CaBIOHI4+ HSO4-  HMWS4
CaB (0H}4+ CH- HMWB4
CaB(OH} 4+ HCO3-  HMWH4
CaB(QH} 4+ CO3= HMWE4
CaB (OH) 4+ B{OH)4-
CaB{OH) 4+ B303 {0H) 4~
CaB(0H) 4+ B40OS {OR) 4=
CaB(0OH} 4+ Br-

CaB (CH) 4+ Am{C03}2-
CaB(OH) 4+ Am(C03}3=-
CaB (OH) 4+ C104-
CaB{0OH) 4+ NpO2 [OH) 2-
CaB{0H) 4+ NpO2C02-
CaB{0R) 4+ NpO2 (C03)2=
CaB(OH} 4+ MpO2{C03)3==-
CaB{0OH) 4+ HZPO4-

CaB {OH) 4+ HPCd=
CaB{QK) 4+« PO4=-

CRoOCoODOCCDODOUDOOOO0 O

CooDPoDDOCODODOGOOODO00 0
CopbCOoODOCEDOCOOO0ODO0O0

L e e e e el e e e e e e e N

o
iy
-
-1

5.403

&

-0.

]
N
o
e

At ++ C1- FRSRES
Am+++ 504z RFF34
Am+++ HSO4-

Amt+++ OH-

Am+++ HCOI-

Am+++ CQ3=

Aove++ B(OH} -

Am+++ B303 (GH) 4~

Ams-++ B405(OH) 4=

Am+++ Br-

Am+++ AmM(CO3 ) 2-

Rptvba+ AM{CO3) 3=~

Am+++ C104- FRF30
Am+++ NpO2 (OH) 2~

Am++ NpO2C03-

Ama++ NpO2{CO3) 3=~

Ame++ MpO2 (CO3}3==-
Am+++ HZPOd- RFF94
B+ HPOd=

hm+++ PO4=-

3.0388 -2500

>

OO OO WO OO0 OEDO oW

bomUODOODO0OODGoOEADo

=3
o
w

~0.

(=]
-
]

WWHWWHRRWHE AR REWHR R WR
}
3
| %)

bhoobopbomoCcobooOR DD
bowoooaooOoooBooBDaA

AmCO3+ Cl-

AmCO3+ S0Cd=
AmCO3+ HS04-
AnCO3+ OH-
AmCO3+ HCO3-
AmCO3+ CO3=
AmCO3+ B (OB) 4-
AMCO3+ B303 (0H)4-
ARCO3+ BLO5 {0} 4=
AmCO3+ Br-
AmMCO3+ RAm{CO3)2-
AmCO3+ Am(CO3} 3=

cmowocoo0DEOO
C“mooocoocoDooo

[ N R R ]
comoooocooOooO
comoconcooooO
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AMCO3+ ClO4-

AmCO3+ NpQ2 (OB} 2-
AmMCO3+ NpO2C03-
AmCO3+ NpO2 {CO3) 2=~
AmCO3+ NpQ2({C03)3z=-
AmC03+ H2PO4-
AMCO3+ HPO4=

AMCC3+ PO4=-

(S RN
cotooooo
coowocoo
coomoooo

- - -

Th++++ 1-

Th++++ 504=

Tha+4++ HS04-
Th++++ OH-

Th++++ HCO3-
Tht+++ CO3=

Th++++ B{OH)4-
Th++++ B3C3 (OH)4-
Th++++ B405{0H) 4=
The++++ Br-

Tha++4 AM{CO3)2-
Th++++ AMICOI) 3=~
Th++++ C104-
Th++++ NpO2 {OH)Z—
Th++++ NpO2CO3-
The+++ NpD2{C03)2=-
Thé+4+ NpO2 (COF } 3m=—
The+++ HIPO2-
Th++++ HPOd=
Thi+++ PO4=-

CococoDooDoOODODLDaoD

OoCcCcOCCcoODLCOOCOODOo OO

CoPoOOCoOoOCLOCoCBOoOCDDOOOD

W R W W R H R W R W W s
cCoCcooOoOO0DOoODmnoOCODoBO OO

ooCco

.4274 1.644
.3z2 1.827
0

-.03686 UO2++ Cl- P91
-.0176 UO2++ S04= P9l
UO2++ HSO4-
UC2Z++ OH-
UQZ++ HCO3-
VO2++ CO3=
U024+ B(OH] 4~
TQZ++ B303 (OH} 4-
UCZ++ B4OS(OH) 4=
UOZ++ Br-
UO2++ AmiCA3)2-
UCZ++ Am{{02)3=-
2168  UO2++ Clod- FI1
UO2++ MpO2 (OH}2-
UOZ++ NpO2CD3-
UC2++ NpD2 (COA)2=-
VO2+4+ NpO2 (CO3)3==-
TO2++ H2ZPO4-
UO2++ HPD4=
UO2++ FOdz=-

N

'o'c'c.'ob'o'o;gbo'oboaba
|y
w
X

-
'S

WRRFWWHRRPWERRRBHB H BB B
CbooocBODoDoODOLDOD oo

CC0OPDOCDOTDDODOOCCDODoO oo

0.169 NpOzZ+ Cl- NES4
NpO2+ S04=

Np02+ HS04~

Np02+ OH-

NpOZ+ HMCOD3-

NpO2+ CO3=

Mp02+ B(OH)4-

NpQ2+ B303 (OH)4-~

NpO2+ B40S{OH}4=

KpQ2+ Br-

NpOZ+ Am(CGI)2-

MpO2+ Am{C03)3=-

NpO2+ C104-~ NR94
NpO2+ NpOZ2 {OH) 2-

NpO2+ NpOZCO3-

Np02+ Np02{CO3)2=-

Npd2+ NpO2i{CO3) 3mm-
NpO2+ H2ZPOd-

NpO2+ HPO4=

NpQ2+ PO4=-

cCopOmpoobonocoOODBDOOOR

CoBDoLoOOEDDOOOCDA@OG

COO0OOo0QoCO0O00CO0

(=)
Ly
=
ba
o Y L ]

coocanoo.,

FHRERHORRRRRRERRRRRBBR#R

-2

thru 13}
thru 13}
thru 13}
thru 13}
thru 13}
thry 13}

-.012 .07 0. .036 ¢. 0. |©Na: {cations
{cations
Ca: {cations
Ng: {cations
MgOH: {cations
H : {caticns
. MgB(0H)4: {cations thru 13}
CaB(CH)4: (cations thru 13)
AM 4+ {caticns 10 thr: 13}
AmCO3+: {catioms 11 thru 13}
Th+ss+: lcations 12 thyu 13}
V02441 |cations 13 thru 13}

=]
]
b
(=
o
Ed

-o00? -052

=
cCOoO0OC O
coocoococa

cooooa

oococaoo

oo oo

WD - oL b

“ooconpooRrOo®
(=== R R = ]

cCoDooOoCcOe

.0z -.006 -.050 .03 -,02 -.065 .12 .074 0
0. -.013 .01 .02 -.012 .10 .12 0. Q.
0. . [V a. C. [ a. 0. 0

0. .1 0. 0. cC1: {anions 2-240)
0. S04: {anions 3-20)
HS04: {anions 4-20)

a.
q.
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.000000 0 CaB{OH)4-UD2++

.0
.0

CaB {OH) 4-Np02++

Jaoogoce

0000000 Ann++—AMCO3I+
0000000 Ami++-Thriss
0000000 Ame+s-UdD2++
A OCD QD00 Ame+r+-NpO2++

.0

.0
Q

0000000 AMCOI+-Thes++t
0000000 ADCO3I+-U02+s
2000000 AnOI+-NpD2++

.0
N]

0009000 Tht+++-U02++
LD 000D 0 Thers+-NplI++

.a
.0

0000000 UG2Zr-NpOZes

.0 Cl-504:(Na,K,Ca.Mg,

.Q

.0
.0

-0

.0
-0 .0 013

-0 -.018 -.pD4

-0014

MgOH, H, MgB (0H) 3,
CaB(OH) 4, Am+++,

.0 Cl-HS0d:
.0 C1l-OH:

.0

-.0D&§ ~.00DE ~.025

AMCO3+, Tht+++,

.0 Cl-HCO3:
.0 Cl-Cn3:

.Q .o

.0 -.096

T2 4+, NpO2+)

.0 Cl-Bi{OB)4:

-.0073

.0 Cl-B30o3{oH)4:
.0 Cl-B4O5(CHid:

.0 Cl-Br:

.0

-.024

-0 .0 .0

.0

.02

.0 Cl-Am(CcO3)2:
-0 Cl-AmI(CG3)3:
.0 Cl-Cciog-:

.0

.0 Cl-NpOziCcH)2-:

C1-NpO2CO3-
.0 Cl-NpOZ (CO3)2=-:
.0 Cl-Np02(C03i3
.0 Cl-HAPO4-:

.0 Cl-Hrod

0 ClePO4gm=-:

.0
.0
.0

.01

.0

.0

.0 SD4-HS04:

.0 S04-0H:

.0

.Q

.0 -.0425

-.00% -.050 .0

-.00% -.0677

.0 S04-HCO3:

.4 8504-C03:

.0

-.161 .¢ .0

-.005 -.g09 ¢

.0 S04-B(CH}4:

.0 S04-B303 (CH)4
.0 S01-B405(0H)4:

.0 S04-Br:

.0 S04-am(C0312:
.0 SO4-Am(CO3)2:
.0 S04-ClO4-:

S04-NpO2 (DH)2-:
.0 504-NpO2CO3-+

.a

.0 S04-MpQ2(CO3)2=~;

.0 504-NpO2 (CO3) 3I=w=-:

.0 S04-H2P04-:
.0 S04-HPO4

.0 S04-POd=-:

.0 HS04-COo3

.0 HS04~-B(OH)4-:

.0 H504-B303{CH}4:
.0 B504-B40S (OH)4:

.0 HSC4-Br-:

.0 HSO4~Am(CO3)2-:
.0 HSC4-am(CO3}2

.0 HSO4~Cl04-;

.0 HSO4-Np(32 (OH) 2-:

.0 HSO4-NpQ2CO3-:

.0 HS0A-NpO2 (C03) 3=
0 HSO4-HIPOA-:

.0 HS04-HPO4

.0 BSO4-PO4=-:

.0

.0 OH-BHCO3:

OH-C03 ¢

.0 OH-B{OH)4:

.0

-.017 -.01

.0

.0 OH-B3ID3 (DHIA:
.0 OH-B405 (UH}4:

.0 OH-Br:

.0 OH-AW({CO3)2:
.0 OH-Am{CO3)2:

.0 CH-ClO4-:

.0 OH-NpGZ2(OH)2-:
.0 OH-Np02C03-:

.0 OH-HPO4

0 OH-PO4=-:

(=]




FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
Page 120

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

.002 .012 HCO3-C03:

HCO3~B (DH) 4 :
HCG3-B302{0H) 4
HCO3~B4C5 {0H) 4 :
HCO3-Br:
HCO3-Am{CO3)2;
HCO3-AmM{CO3)3:
HCOI-Cl04-:
HCO3-NpO2 (OH) 2-:
BCD3 -Mp02005-:
HCO3-NpC2 (CO3) 2=~
HOO3-NpO2 {C03) 3=
HCO3I-H2P04-;
HCO31-HPO4=:
HCOY-PO4=~

bDopoDoOGroooOOCCRBmOO

boboocoonobooooDo
L B R B B o B o I < B I Y e i = Y e )
socoovooeboocoDOoB
bobobboboboOOO0
CooocomocoocoRBo®
ODQCQQO'DODOOGOQ
coocoocebomoobDoo
coooonoconemoooo

GO0 DOoOOoOS 00000
ococooowoo E
CCODAODOoOO0OSO0 0000

CCI-B(OH) 4~
CO3-B303 {QH)4:
COI-B40S5 (QH) 4:
CO3-Br:
CC3-Am(CC3)2:
CO3-Am(CC3}13:
Co3-Clod-:
CO3-NpO2 (OH) 2-:
CO3-NpO2C03-:
CO3-NpO2 (Q03) 2=-:
CO3-Kp02(C03) 3==-:
CO3-H2PO4-:
L03-HPO4 =
CO3-PO4=-:

cwoooCcDOoCD OGO

comoocouopoonoa
coboooooobboooOoO
cocomoorobobooB oGO
occoooooocopDooD
coboccooocbOooo
cmooosconoocoooon
coocoocooocnoo
oboooomooeCDOD
cboocooconooobon
chowooboooDobe
ChopDoOOOGOOsoE
bhooocooooonem

B{OH}4-B303 (OH) 4 :
B{OH)}4-B405 (OH) 4 :
B{OH) 4-Br:
B{CH}4-Am(C03)2:
B(CH) 4-Am{C03)3:
B(OH)4-ClOd-:

B(CH} 4-NphH2Z {0H) 2-:
B(OH} 4-NpO2c0o3-:
E(OH} 4d-NpO2 {CO3)2=-:
B8{0H)4-NpO2 (CO3) 3==-:
B(OH) 4-H2PQ4-:
B(OH)4-HPO4=:
B{OH)4-PO4=-

=]

cocooococoomooo

cooooCcooGocCOOD
29

cConbhocoooBooe
o
cocbbooDOomOD OO
cocobooobooooo
QDo oOoOmOoOO0ODoOD
bboobooboooooo
cboovpamonomoo
cpoocboCcobBROO
coobooooboDoo
coocwoocoaocooos

coboDao

B303 {OH) £~B405 (OH) 4 :
B3Q3 (CH} 4~Br:

B30I {CH)4-EmICCR}2:

B307 (OH)}4-Am(C03)3:

B303{DH}4~C104-:

B303 {OH} 4~19p02 (OH) 2-
B307 (OH) 4-NpO2C03 - :

B303 {OH) 4~NpO2 {C03) 2=
B303 (OH) 4-NpO2{CO3) 3==-:
B303 {0H) 4~H2P04~:

B303 (OH)} 4-HPO4=:

B303 (OH) 4-POd=-:

coCcoGTCoOBaODo

bhooobobOBG O

cotcoooDBoOOO

coebocooboaoo

CecbooOoooODOG

P I

CoOoOCcoc 0o 0000
copoouoconoon

coccoecooBaao

coocobomooooo
bomococoBbEOoO

conDDODmOoODODOo®

B405 {0H) 4=Br:

B405 {OE) £=Am(C03) 2:
B40S5 {OH) 4=am {03} 3=
B4035 (OH) 4=C104~:

B405 (OH) 4=NPOZ (0H} 2-
B4Q5 (OH} 4=Np02C03 -+
B405 (OH}4=Mp0Z2 (C03 )} 2=-:
B405 {OH) 4=MpO2 (CO3 } 3==-:
B4G5 (ORI 4=H2FO4~-:

BAOS {OH} 4=HFO
B40S {OH} 4=P0O4=-:

oooboccaooa

cobcocooooaooD

coocouooooDD

OOD;DQEUQOGO

cobcoooocomoG

cocoocoomoDoO

DoDocOoOCOOo00

ccooococooo0o
cmooocooco
CooopocopaoaoBo
cobhoocooooC
soocooboooo
L

Br-Am(C03)2:
Br-Am(CC1)3:
Br-clod-:

Br-NpO2 (OH) 2-:
Br-NpO2C03-:
Br-NpO2(C03 ) 2=-:
Br-NpO2(C03}3==-:
Br-H2PO4-:
Br-HPO4=:
Br-PO4=-:

coobococoeonoo

coococooooon

copocooowoe

CooonoooDo

weooonboao

ccao'coaomo
coocococoooo®

ococecococoo

covvooocooe
coococoooooa
coeooooDan
oo oo 0o d
ceobcobboa

Am(CO3}2-Am{CO3)3:
An{CO3)2-Clod-:
AM(CD3) 2-MpG2 (OH) 2-:
Am(CO3 } 2 -NpO2C03-:
Am{C03 )} 2-NpO2 1603 ) 2
Am(CO3) 2-Np0Z (CO3}3
Am{CO3) 2-H2P04~:
Am(CO1}2-HPGA=:

comoocoooo

ccowoooo

oo oo a

boocoDooo

coocsooco
cposoooe

coconoooo

cocomooo
Ccooocoocaa
cewocoaeo
cooosoooo
cobooooo

oo oO0CQ
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{CHEMDAT and References Cited in Listing

W_NP_AM

: Listing of HM

Appendix 1

.0 Am{C03)2-POd=-:

[=]

.G Am(CO3;3-Clo4-:

.a

.0 Am{C03}3-NpD2 (OH)2-
.0 Bm{CO3)3-Np02CO3-:
.0 BRm{CQO3)3-NpD2(CC1)2

.0 Am(CO3)3-Np0O2{C031)3
.0 Am{CO3)3-HZPO4-:

.0 Am(CO3)3-HPD4
.0 Am(CD3)3-PO4=-:

.0

.0 ClO4-NpO2 (CH) 2-
.0 Cl04-Npo2cod-:

.a

.0 Clo4-Npo2 (€03} 2=-:

.0 C104-Npo2 (CO3}3==-;

CLO4-H2PO4 - :

.0 ClO4-HPO4=:
.0 Cl04-PO4

-0

.o

.0 NpO2 (OH)2--NpG2 (CO2)2
.0 NpOZ{OH)2--Np02{C03)3

.0 NpGZ{0H)2-HIPO4-:

.0 Npo2 [OH} 2--Hpo2C03-:
.0 MpO2 (OH) 2-HPO4

a
.a
(4}

.0 HNpO2 (OH) 2-PO4=-:

.0 NpOD2CO3-NpO2 (C03) Iza-:

.0 NpO2CO3-H2PO4-:

.0 NpO2CO3-Np02 (003 ) 2=-:
,0 NpO2C03-HPO4

a
o

.0 NpO2CO3-POé=-:

.0 NpC2-Hpo2 {CO3}3==-:
.0 NpC2-H2PO4-:
.0 NpC2-HPO4=:

.0 NpC2-PO4

e
BT

.0 NpOZ{C3)3-H2POd-:
.0 NpD2(C03)3-HPC4
.0 NpOZ(C03}3-POd=—:

.0 H2PO4-HPCd=:
.0 HZPO4-PDd=-:

.0
-0

.0 HPO4-FOd=-;

HMWEA

caCO3-Cations  HMWEd

ro2-cations

.0

.051  .1B3 .183 .¢ .0

.1oo

MgCO3-Cations — HMWS4
B(CH)3-Cations
NpO20H-Cakions

FW8E

.0

H3IPC4-Cations

PS76

.a

.0

W0 =07

HMWS4

G 0 ¢ Co2-Anions

g oGgyga
.0

-a

g
.0
.0

.0

0

N

-.005 .p27 -.003

000 CaCo3-Anions HMWE4

0 0 0 MgCOl-Anions HMWA4

0

ocoo0

ooaoo

0 0 B{CH}3}-Anions FW8§

.0 000G
.0 0000

.0

.0 -.20

0

.a

.018

.03l

00 0 NpOZOH-Ahions

0 000D -.4 00 HIPOA-Anions PS76

.0

FEA

co2-Cation-Anion

.0o0o0ep

Q
.0

hnions across)

{Cations down,

A o00aQ0

0eda

0000

.0

=

.0000D

.0

.0600
.0¢d0o0

.a

(=2 ==
oo

CaCol ~Cation-Anion

.o0d0a0

0

.go0g
L0000

.nooop
Qo0
0000

¢

Q000

.0

Qo000

.0o00g
L0040

g
R

.Daoo

MgCO2-Cation-Anicn

Q000D
.c000

.0
.0
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B(OH}3-Cation-Anion FW86
ICations down, Anions across)

.o0o0o0
.o04g0
L0000
0000
0000
o080
Loeoo
oo
BN
.0o0naQ
Hop0a
200
.0acag
0000
0000
0000
.0000
.0t00
L0000
000290

]
.0
.0
.0
.0
0
.0
.0
-0

.0
.0

AT and References Cited in Listing

W_NP_AM.CHEMD
o .D
.0
.0

.a
0.0 0.0

00 0.

=
o

.0
.0 .0 .9

+046 .0

.0
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FMT, Version 2.0

OoDC0

=]

NpO20H{ag) -Cation-Anison
H3PD4-Cation-Anion

mapping for ELMAP{Z,)

neztral mapping for ELMAD({3,)

.00 Da
0000
LH0eD
L0000
00D O
.L0000
.000¢0
o000
000
obo0p
L0004
.a00Q0
00 g0
Qo0 g
0000
0000
20 ad
.otao0
D000
0000
000490
Q0Ccao
0000

cation mapping for ELMAP(L,)

anion

.0
.4a
.0
.0
.0
.0
.0
.0
.0
-0
.0

RCA 56 pp.7-14
and Ryan (19%2] RCA 58/59% pp.9-16
and Fulton (i%34) SAND24-1948J for RCA

Rai, and Pulten (1890) ROA 50 pp.193-204
Fulton,

Pitzer and Silvester (1976) J Soln Chem S#d pp.263-278

Felmy,

Pitzer (199i) CRC Handbook, Activity Coef in Electrolyte Solns

Rai, Felmy, and Pulton {1992)

Rai,
Rai., Felmy. and Fulton [19%4)

Felmy, Rai, Schramke, and Ryan (1989) RCA 4B pp.29-3%

Harvie, Moller, Weare (138d4) GCA 48 pp.723-752

Felmy and Weare (1986) GCA 50 pp.2771-2783

.0 .0 .0 .0

.0 .0 .0 .0
Novak and Roberts (1%94) SAMD%4-aocct MRS/Kyoto

Rac, Rai, Felmy,

Felmy,

4 5 & 7 22 21 43 44 49 50 17
% 10 11 12 13 18 15 20 23 45 46 24 39 40 41 42 34 35 36

14 15 16 17 38 33

3

8

FRSRAY
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L2 References Cited in Listing

Felmy, A.R., D. Rai, and R.W. Fulton. 1990. “The Solubility of AmOHCQ?3(c) and the

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

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

Felmy, AR., and J.H. Weare. 1986. "The Prediction of Borate Mineral Equilibria in Natural
Waters: Application to Searles Lake, California." Geochimica et Cosmochimica Acta vol. 50:
2771-2783. '

Harvie, C.E., N. Mglier, and J.H. Weare. 1984. "The Prediction of Mineral Solubilities in Natural
Waters: The Na-K-Mg-Ca-H-Cl-SO4-OH-HC03-C0O3-C02-H20 System to High Ionic
Strength at 25°C." Geochimica et Cosmochimica Acta vol. 48: 723-751.

Novak, C.F., and K.E. Roberts. 1994, Thermodynamic Modeling of Neptunium(V) Solubility in
Na-CO3-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.

Rai, D., AR. Felmy, and R.W. Fulton. 1992a. “Solubility and Ion Activity Product of
AmPO4*xH20(am).” Radiochimica Acta vol. 56: 7-14.

=
Rai, D., AR. Felmy, and R.W. Fulton. 1994, “The Nd3+ and Am3+ Ion Interactions with SOy

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

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

Rao, L., D. Rai, A.R. Felmy, and RW. Fulton. 1994. “Solubility of NaNd(CO3)2*6H20 in
Concentrated Sodium Carbonate and Sodium Bicarbonate Solutions.” Radiochimica Acta vol.
- SAND94-1948].
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

¢ Temparature is Hard Coded as 298.15K

Z [.PD.TITRATE]BATCH_DGC.in; ko illustrate/document "BATCH® runs FMT V2.0
> DATABASE: HMWS4/FWH6; Np(V)-Na-CO3-OH-C1-C104 (NRS4):

<4 95.01.31 Am(TII}-Na-Cl-CO3-S04-FO4 (FRSREY.FRFR0, P91, EFFR92, RFFY94, RRFF941

% Accuracy of reactions is 1.0D000E-D&
7 Minimum elemental abundance is 1.DGODE-1B
# Number of Aquecus Species is 50

o

Species Order for Pitzer Parameters

Cationg
Na+ E+ Ca++ Mg++
MgOH+ H+ MgB (0H) 4+ CaR |OH] 4+
At ++ AmCa3+ Tht+++ UaZ++
NpOZ+
i
L Anions
e
& ocl- 50d= HS04- DH-
#% HCO3- Co3= B(OH) 4~ B303 (OH) 4~
i4 BA0S (OH) 4= Br- . Am(C0O3)2- Bm(CO3) 3=~
28 Clo4- pe NpO2 (OHj2- RpO2Co3- NpO2 {C03) 2=~
% HpO2(CH3)3==- H2PO4- HPOd= PO4d=-
ey

Neutral

o2 {eqi Caco3 (aq) MgCGa (ag) 2{0H) 3 {ag)
MpO2CH (ag) H3P04 {ag)

Cation-Anion Binary Interaction Parameters

Cation Anion Beta (0) Beta(l) Beta(2) cphi Alpha-Values
ci- 0.07650 0.26440 4.00000 0.00127 {2.8,12) 1-1,1-2,1-3
SGd= d.01958 1.11300 T.40000 ¢.00487 {2.0,12) 1-1,1-2,1-3
HSO4- 0.04540 ©.33800 6, 00000 0.00000 {2.0,12} 1-1,1-2,1-3
43 Wa+ OH- 0.08640 €.25300 0. 00000 0.00440 {2.0,12}) 1i-1,1-2,1-3
4% Na+ HCO3- 0.0277¢ 0.04110 0.00000 0.00000 [2.0,12) 1-1,1-2,%1-3
4% Ma+ co3= 0.03990 1.38900 0.00000 0.00440 (2,0,12) 1-1,1-2,1-3
4% Nar BIOH) &~ ~C. 04270 D.08%00 0. poooD 0.01140 (2.0,32) 1-1,1-2,1-3
44 Ha+ B303{0H) 4- -0.05600 -0.91000 0. DQoo0 0.00000 (2.0,12) 1-1,1-2,1-3
15 Mak B4OS (0H) 4= -0.11000 -0.40000 Q. 00000 0.00000 (2,0,12) 1-1,1-2,1-3
4% Na+ Br- 0.00000 0.60000 0.00000 0.C0000 (3.0,12) 1-1,1-2,1-3
47 Ma+ Am(CO3) 2~ 0. 00000 -8.37000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
2m(C03)3=— -0.94000 8.1p0ao 0.0C000 0.41800 (2.0,12} 1-1,1-2,1-3
clo4- 0.05540 0.27550 ¢,00000 -0.00118 {2.0,12} 1-1,1-2,1-3
NpO2 (OH) 2~ 0.0{:60 0.00000 0.00000 ©.00000 (2.0,12} :-1,1-2,1-3
NpO2Co3 - 0.16100 ¢.000D0 b. 00000 0.00000 {2.0,12} 1-1,1-2,1-3
NpO2 {C03 ) 2=- 9.40700 b, oooon 0. 00000 0.00000 2.0,12) 1-1,1-2,1-3
HpO2 {C03) 3==- 1.9700D 16.00000 0. 00000 0.00000 12.0,12) 1-1,1-2,1-3
HIPD4- -0.05330 0.03960 ©. 00000 0.00795 (2.0,12) -1,1-2,1-3
HEO4= -0.05830 1.46600 0.00000 0.02940 (2.0,12) 1-1,1-2,1-3
PO4=- 0.17810 3.B5100 0.00000 -0.05154 (2.0,12) 1-1,1-2,1-1
cl- 0.04835 0.21220 0.00000 -0.00084 (2.0.32) 1-1,1-2,1-3
504= 0.04595 0.77930 0.00000 0.00000 (2.8,12} 1-1,1-2,1-3
HYG4- -0.00430 9.17350 0.00060 G.00000 (2.6G,12) }-1,1-2,1-3
OH- 0.12980 0.32000 0.00000 ¢.00410 {2.0,12} 1-1,1-2,1-3
HCO3- 0.02960 -0.01300 £.00000 -p.00800 (2.0,12} 1-1,1-2,1-3
£ Co3= 0.14880 1.43000 0. 00000 -0.00150 {z.0,12) 1-1,1-2,1-3
B K+ B{OH} 4~ 9.03500 0.14000 0. 00000 0.00000 (2.0,12) 1-1,1-2,1-3
B4 K+ EIG3(OHH- -8.13000 o.eo000 0. 00000 0.p0000  (2.0,12) 1-1,1-2,1-3
5% K+ B405 {OH) 4= -0.02200 ©.00000 ©.fago0 0.00000 (2.0,12) 1-1,1-2,1-3
£E K+ Br- a.0oo0cD 0.poo00 0.00000 Q.opago  (2,0,12) 1-3%,1-2,1-3
£F K+ Am(CO3)2- ©.q0000 0.¢0000 0.05300 a.00000  (2,0,12) 1-1,1-2,1-3
[EE 2 Am(CO3)3=- 0. 00000 0.00000 0.004800 0.00000 (2.0,12) 1-1,1-2,1-3
B K+ Clo4- 0.00000 0.000ao 0.00000 0.00008  ¢2.9,12} 1-1,1-2,1-3
FOK+ Rpo2 (OH) 2- 0.00000 0.00C00 0.00000 ©.00000 (2.0,12} 1-1,1-2,1-3
FiOK+ NpRO2C03- 0.00000 6.00000 ¢.00000 0.00000 {2.0,12) 1-1,1-2,1-3
TE K4 NpO2 {C03) 2=- 0.000C0 ¢.ocooe 0.00000 0.00000 {2,0,12) 1-1,1-2,1-3
TE K+ - o2 {C03) 3==- J.00oR0 I.00c00 0., 00000 0.00000  (2,0,12) 1-1,1-2,1-3
TA R+ HOPOA -~ -0.06780C -0.10420 0.00000 0.00000 (2.0,:2) 1-1,1-2,1-3
HEO4= 0.02480 1.27400 0. 00000 0.01640 (2.0,12) 1-1,1-2,2-3
POA=— 0.27290 3.97200 0.00000 -0.0BSB0 (2.0,12) 1-1,1-2,1-3
cl- 0.315%0 1.61400 0.04000 -0.00034 (2.0,12) 1-1,1-2,1-3

804= 0.20000 3.19730  -54.24000 0.00000  {1.4,12) 2-2
H504- 0.21450 2.53000 0.00000 a.ooeed  ¢2,0,12) 1-1,1-2,1-3
OH- -0.17470 -0.23630 -5.72000 0.00006 (z.4,12} 1-1,1-2,1-3
HC03- 0.4c000 2.97700 ©.00000 0.00000 {2.0,12) 1-1,1-2,%-3

cod= 0.0p0C0 ¢.oeooe 0. 00000 0.00000 [(1.4,12) 2~2
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Cat+
Ca++
Ca++
Ca++
Ca+s
Ca++
Cas+
Ca++
Ca++
Ca+t+
Ca++
Ca++
Cat+
Ca++
Mg++

MgB (OH) 4+
MgB (CH) 4+
MgB (OH} 4+
* MgB(CH)4+
MgB (CH) 4+
MgE {0H) 4+
MoB (OH) 4+
MgB (CH) 4+
MgB |OH} 4+
MgB (OH) 4+
" MgE(OH) 4+
MaB(CHj 4+
MgB (OH} 4+
MgB (OH) 4+
MoE (OH) 4+
MgB (OH) 4+

B(OH)4-
B303 (OH} 4-
B405 (OH) 4=
Br-
Am(CO3)2-
Am(CO3)3=-
C104-

NpO2 (CH}2-
NpO2C0G3-
Hp02 (CO3 ) 2=-
NpO2 (C03)3==-
H2PO4d-
HPC4=

PO4=—

Ccl-

S04=

HSO4—

OH_

HOC3-

Co3=

B(CH} 4~

E303 (0H) 4~
B405 [0H) 4=
Br-
Am(CO3)2-
Am{CO3) 3=—
clod-

NpO2 (OH) 2-
Np0zZC03-
NpO2 (CO3)2=—
NpO2 (CO3) 3==-
H2PO4 -
HPQ4=

PO4=—

€1-

S04=

HS04-

GH-

HCO3-

col=
B{OHI4-

B30Q3 (OH) 4~
B405 (OH) 4=
Br-
am{co3r2-
Am{CO3 3=~
C104-

NpOZ2 {CH) 2-
HpD2CO3-
NpO2 (C03}2=-
NpO2 (CO3 ) 3==-
H2P04-
HPO4=

POd=-

cl-

S0d=

HSO04-

OH-

HOO3-

C03=

B(OH) 4-
B303{CH)4-
B40S {OH) 4=
Br-
Am(CO3)2-
AmM{CO3) 3=~
Cl04-

Bpka2 (OK) 2~
HpOzZ0G3-
Np0O2 (C03)2=-
NpO2{(C0313==-
H2PO4-
HPOd=

PO4=-

c1-

504=

H504-

OH-

HCO3-

CO3=
B(OH)4-

BI03 [DH) 4~
B4A5 (OH) 4=
Br-
Am{Ca3)12-
AmMCAZ ] 3=~
cl04-

NpOZ2 {OH)2-
Npo2C03-
NpO2 (03 ) 2=-

0.0c000
0.000o0R
0.0Q0000
Q.9oo00
&.490000
C. 00000
¢.45110
0.00000
C.qoooo
©.Q0000
©.00000
0. 90000
.bpoao
-boood
.35235
.22100
47460
-00000
-32900
-ooced
-0oceo
.ooe0D
.aoceo
10000
.Q0000
. 00000
-49610
-00000
-Be00o
o000
- Lo0od
-00000
-00a00
-booog
.10000
90000
.- 00000
. 00000
. 00000
. 00000
. Q0000
- 40000
- 00000
- 00000
.00000
-00a00
-00000
.00000
-Q0000
. 00000
. 00000
. 00000
B Lelalelel
-00000
17750
-02980
-20650
.000C0
.onooo
.00000
00000
.0000D
-gooon
.00000
-00000
. 00000
-17470
-00000
. G000
.QDDDE
-Q0000
00000
-go0ao
. G0000
.16000
- 00000
-00000
.00000
Naleli]ife]
.00C00
. 90000
. 00000
-G0000
-0e000
. 000090
Wiliztaiti]
.06000
.ococd
.qoooo
0.00000

Fo R Nl o e T B o B = R T T o T o e e T T o~ - I — e R oo O e I — - I B~ — = B T T e I Y T — - T e I D Y — Y B T o B R e B B B o R o Y o e e B e B e B e e T O s T = Y o e R - W o R B B S o I B

0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
1.75600
0.00000
0.00000
0.00000
0.00000
Q.000Q0
0.000GC0
0.00000
1.&8150
3.34300
1.72900
¢.pooon
0.80720
0.00000
0.0000¢
0.99000
C¢.Q0000
0.49000
0.00000
0.00090
Z.00800
9.00000
0.00000
Q0.000400
0.00000
0.00000
.000080
0.00000
1.65800
0.gooo0
0.00000
0.00000
0.00000
0.00000
d. 60900
0.00000
0.00000
Q.00000
Q.00000
0.00000
G.oc000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000
0.29450
0.00040
0.55560
o.oo0o00
0.0c000
0,00C000
0.gocon
0.00000
0.00000
0.00000
0.00000
0.00000
0.29310
4.00000
¢.o00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000
.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.cpaco
0.00000
¢.00000
9.00000
0.00000
0.00000C
G.00000

0.a0000
0.00000
0.00000
0.00000
0.00000
0.0z000
0.00000
0.00000
0.00000
0.00000
0.c0000
0.00400
0.00000
0.00000
¢.00000
-37.23000
0. g0000
0. 00000
0.00000
0,00000
0.ao0000
©.00000
0. 00000
G.00030
0.08000
0.00000
0.00060
0.o0080
0.00000
0.00000
{.00000
{1.00c00
0.00000
0. 00000
0. 00000
0.00090
0.g0000
0.00000
0.00000
Q.00000
0.00000
0.00000
0.00400
0.00000
a.o00000
4.00000
0.00000
G.D0000C
0.00000
0.aoooo
G._g0000
0, 00000
0.00000
0.060000
a.00800
Q.ochio
a.0c000
¢.00000
0,00000
0.ao000
0. 00000
0.00000
0.00Q00
0.00000
0.00000
0.00000
4.00000
1.00000
0. 00000
0. 00000
0.p0ooo0
0.00000
4.00000
{.00000
.00000
4.00000
1.00000
0.00000
¢.qoo00
040000
0.00000
0.00C00
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000C
0. 04000

0.00000
0.06000
0.00000
0.00000
0.00000
0.00000
-0.00500
0.00390
0.c0040
0.00000
0.00000
0.00000
0.o00D0
0.00000
.0051%
0. 02500
©. 00000
0. 00000
0.30000
0.00000
©.g0000
0.00000
0.00000
a.08668
0.00000
0.00000
0.00358
0.00000
0.00000
Q.ocood
0.000C0
4.00000
0.,00000
0.00000
G.0a0000
0.00000
0.00000
0.00000
0.00000
0.00000
d.00000
0.000400
0.00000
0.00000
Qq.00000
4.00000
0. 00000
0. 00000
0. 00000
0.¢0000
0.00000
D.pooDo
0.040000
0.00000
0.00080
0.04380
4.0000%
7. Q0000
0. 00000
0,00000
0.00000
0.D0000
0.00000
0.00000
a.00840
a.00000
0.00813
0.00000
0.qoo00
0.00000
0.00000
0.00000
0.00000
0.00000
q.0c000
0.00000
0.00000
0.0000C
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000
©.00000
¢. 00000
0.0Q000
0.40000
©.00000
0.09000

(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)
(2.0,121
(1.4,12)
{1.4,50]
{2.0,12}
{1.4,12)
(2.0,12)
(2.0,12)
(2.0,12)
(2.4,12}
(2.0,12}
(z.0,12)
(2.0,12)
{(2.G,12}
(2.0,12)
{L.4,50)
{2.0,12)
{2.0,12)
12.0,12)
(1.4,500
{1.4,50)
{2.0,12)
11.4.12)
{1.4,50)
12.0,12)
2.0,12)
(2.0,12)
(2.0,12)
(2,0,12)
(2.9,12)
(2.4,12}
(2.0,12)
(2.0,12)
{2.0,1)
12,0,:2)
(2.0,12)
{2.0,12}
{2.0,12)
12.0,12)
(2.0,12)
(2.0,12)
12,0,12)
(2.0,12)
(2.0,12)
{2.0,12)
(2.0,1
{2.0,12)
(2.6,12
[2.0,12)
(2.0,12)
(2.9,12)
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
{2,0,12)
{2.0,12)
12.0,12)
12,0,12)
(2.0,12)
(2.0,12)
(2.0.12)
(2.0,12)
{2.0,12)
{2,0,12]
(20,12}
{2.0,12})
12.0,12)
(2.0,12)
2.0,12)
(2.0,12)
{2.0,12)
{2.0,12)
{2.0,121
{2.D,12}
(2.0,12}
12.0,12}
(2.0,12)
(2.0,12)
(2.0,12)

1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
2-{n>2)
1-1,1-2,1-3
1-1,1-2.1-3
1-1,1-2,1-3
2-{n>2)
2-{n=2]
1-1,1-2,1-3
2-2
2-1n>2)
1+1,1-2,1-3
2-2
i-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
2-2
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
1-1,1-2,1-3
-1,1-2,1-3
- (n=2)
-1,1-2,1-2
~1,1-2,1-1
-1,1-2,1-2
-{n=2]
-n>2)
-1,1-2,1-3
-(n=2
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Appendix I: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

MgB (OH) 4+
t MgB(OH)4+
MgE (QH) 4+
MgB {OH) 4+
CaB {OR) 4+
CaB [OH} 4+
CaB (OH) 4+
CaB(CH} 4+
CaB (QH) 4+
CaB (OH) 4+
CaB (QH) 4+
CaB {0H) 4+
CaB|0OH] 4+
CaB (OH) 4+
CaB(OH) 4+
CaB(CH} 4+
CaB (OH} 4+
CaB{QH) 4+
Caf {CH) 4+
CaB{CH) 4+
CaB[OH} A+
CaB (OH) 4+
CaB (OH} 4+
CaB (OH) 4+
AT ++

Hp02 (CO3) 3==-
H2PO4-
HPO4=

PO4=—

cl-

504=

HS04d~

CH-

HCO3-

Col=
B(OH)4-

B30 {OH) 4~
B405 (0H} 4=
Br-
Am{CO3) 2~
Am{CO3) 3=
Cl1o4-

Np02 (OH] 2-
Np(2003-
NpO2 (€03} 2=-
NpO2 (CO3 ) 3==-
HZPO4-
HPO4=

Fod=-

cl-

S04=

HS04-

m{_

HCO3-

CQ3=
B{DH) 4-

B303 [DH) 4-
B405 (OH) 4=
Br-
Am{CO3)2-
AR {CO3]3=-
C104-

MpQ2 (OH) 2-
NpD2Co3 -
NpOZ2 (C03) 2=—
NpQ2(C03) 3==-
H2PD4~
EPO4=

PO4A=-

cl-

s0d=

HS04-

OH-

BHO03 -

col=
B{QH)4-

B303 (OH) 4-
B40S5 (OH) 4=
Br-
AM{CO3}2-
Am(CO3 }3=-
Tlod-

NpO2 {CH) 2-
RpO2C03-
WpO2 (CO512=-
Npd2 (CO3)3=x-
H2POd-
HPOd=

PO4d=-

cl-

504=

HE04-

OH-

HOG3-

CO3=

B(CH) 4-

B303 (OH) 4-
B40S (OH) 4=
Br-
Am{cod)2-
AmICO3)3=-
Clo4~

HpO2 (CH}2-
NpO2CO3~
NpOZ2 (CO3) 2=
NpO2 (CO3) 3==-
H2PO4 -
HPG4=

PO4=—

Cl-

S04=

HS04 -

OH-

HCO3 -

CO3=

0.00000
Q.000800
0.00000
a.o00co
a.12000
0.00000
0.00000
¢. 00000
0. 09000
0.004400
0.00000
Q0.000C0
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.9Qa000
G.00000
0. 00000
0.00000
0.61170
3.03980
0.00000
a.o0000
a.00000
0.00000
¢.00000
0.00000
0., 90000
0. 80000
0. 00000
0. 80000
©.80000
0.00000
0.00000
0.00000
0.00000
0.oc000
0.0co00
a.o00C0
4.00000
0.00000
0.00000
0.0g0o000
¢. 00000
0.00000
0.00000
C¢.00000
0.00000
0.00000
0.008C0
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0. 00000
0.00000
0.00000
9.00600
0.ooooo
0.00000
0.00000
0.00000
0.00000
C¢.40000
0. 00000
0.00000
0.00000
a.000cd
4.40ce0
D.00000C
C. 00000
G. 00000
0.00000
0.00000
Q.00000
a.00ccd
0.42740
0.32200
0.00000
0.00000
0.00C00
a.o0000

0.00040
0.000D0
0. 00000
0.00000
G. Q0000
0.00000
0.00000
a.c0000
Q.00000
0.000040
0.00000
©.000C0
C.00000
0.00000
0.00000
0.00000
0.00000
0.0p000
O.00000
o.00000
0. Qo000
0.00000
0.00000
0.00000
5.40300
0.Gpaao
0.00000
¢.00000
¢.0pD0C
0. 00000
0.00000
0. 00000
0. 00000
0. 040000
0.00000
0.00000
5.35000
Q.00000
0.00400
{.00000
{4.00000
4.00000
0.00000
0.00000
0.qgo000
C.40000
0.50000
0.p0000
0.00000
0.00000
0.0¢000
0.00000
0.00000
0.00000
0.00000
C.ocoo0
. 00000
0.gon0o
0.00000
0.00000
0.00000
Q0.00000
0.00000
0.00000
0.00000
&.ooo00
C.oo000
0, 00000
0. 0000D
0.30000
0.00000
Q. 00000
0.00a00
Q.00000
£4.00000
0.00000
C.00000
0.¢0000
Q.poooo
0.00000
0.00000
a.00000
0.00000
G.o000C
1.64400
1.827090
0.040000
0.000C0
G.ocoo0
4.00000

¢,00000
¢, Q0000
0, 00000
0.Q0000
0. 00000
0.00000
0.60000
0.00000
0.00000
4.Q0000
9.00C0D0
0. Qo000
0.00000
©.00000
0.04000
0.00000
0.00000
0.00000
{1.00000
0. 00000
0, 00000
0.00000
0.00000
0.006000
0.00000
-2500.00c00
0.00000
0.00000
¢.00000
0,00000
0.00000
0.G0000
0.00000
0.00000
0.08000
0.00000
0.00090
0.00000
0.00000
0.00009
9.00ccCa
-92.90000
0.00000
0.00000
0.0000¢
¢.ga000
0.00000
0.00000
0.00000
0.co0ao0
0.000a0
0.00000
0.00000
0.00000
0.00000
0.00000
0. aoooe
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
G¢.0o0000
0. 00000
0. 00000
0.00000
0.00000
0.00000
0.00000
J.0G000
{.000C0
D.00000
0.00000
¢. 00000
0.04000
0.00000
Q.004800
{a.00000
@.000040
0.aQoo00
©.00000
0.03000
J.00a6¢
0.00000
0.00000
¢. 00000
0. 00000

¢.00000
0.0Q000
0.00000
0.00000
0.00000
0.00040
0.00000
0.00000
0.00000
{.000c0n
0.00c0C
0.00000
¢.{10000
©.00000
0.00090
0.00000
0.00000
{.oooed
0.00000
0. G30e0
0.00000
0.00000
0.04000
0.08000
-0.02840
0.00080
0.00000
0.00D0g
0.00000
0.00000
0, 00000
0.00000
0.00000
0.0c000
0.00000
0.00000
-0.00480
0.00000
9.00000
4.00009
0.000C0
9.00000
D. 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.000900
0.00000
0.00040
0.00400
7.0000¢
0.00000
0.00D000
¢.00000
©.00000
0,00000
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00D00
0.00000
0. 00000
0, 00000
0.09000
0.40000
0.00000
0.00000
Q.00000
0.00000
{.00000
0.00000
0.00000
¢.00000
0.00000
0.00000
0.00000
.00000
0.000c0
0.00000
0.00000
-0.03686
-G.017&0
0.00000
0.00000
o, o000
0.00000

{2.0,12)
12.0,12)
12.0,12})
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
(20,10
{2.0,12}
120,12}
12.0,12}
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
(2.0,12)
12.0,12}
{2.9,12)
(2.0,12)
(2.0,12)
(2.0.12)
(2.0,12)
(2.0,12)
(1.4,50)
{2.0,12)
(2.0.12)
(2-0.,12)
{1.4,50}
12.0,12}%
12.0,12)
(2.0,12)
(2.0,12)
(2.0.12)
(1.4,50)
(2.9,12)
(2.0,12)
(2.0,12)
{1.4,50)
{1.4,50}
{2.0,12}
{1.4.50}
{1.4,50)
(2.0,12})
(2.0,12}
(2.0,12}
(2.0,12})
(2.0,12)
(2.0,12)
{2.0,12)
(2.0,12)
(2.8,12}
{2.0,12)
{2.0,12)
{2.0,12)
1z.0,12)
12.0,12)
(2.0,12)
(2.0,12)
(3.0,12)
(2.0,12)
{2.0,12)
{2.0,12)
(2.0,12}
{1.4,50}
12.0,12)
12.0,12)
12.0,12)
(1.4,50)
(2.0,12)
(2.0,12)
{2.0,12)
(2.0,12)
{2.0,12)
11.4,50}
(2.0,12)
(2.0,12)
{2.0,12)
(1.4,501
(1.4.50)
{2.0,12)
{1.4,50)
(1.4,50)
(2.0,12)
{1.4.12)
{2.0.12)
(z.0,12)
{2.0,12}
11.4,12)
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Appendix I: OUTPUT File Listing of HMW_NP_AM.CHEMDAT
UQ2++ B{OH)4- 0.qo000 0.00000 Q0.00000 0.gopotr  {2.0,12} 1-1,1-2,1-3
VO2++ BX03({OH) 4~ 0.0C000 0.006000 C.00000 p.Qgooo  {2.0,12) 1-1,1-2,1-3
TO2++4 B405{0H) 9= 0.p0g00 £.00000 0. 00000 0.00000 (2.0,12) 1-1,1-2,1-3
Ug2++ Br- 0.00000 0.00000 0.0p00a0 0.00000 (2.0,12) 1-1,1-2,1-3
UD2++ Am(CO3)2- 0.00000 0.00000 0.pgoad a.pp0g0o  (2.0,12) 1-1,1-2,1-2
Ug2++ Am{C03) 3=~ G. Q0000 Q.oo0oo J.o0400 8.00008 {1.4,50) 2-in»2)
TOZ++ C104- 0.61130 2.14400 a.0c009 0.02168 {2.0,12) 1-1,1-2,1-3
; UO2++ Hp02 {0H) 2~ 0.00000 .00004 0.000C0 0.00p00  12.0,12) 1-1,1-2,1-3
TO2++ NpG2C03- J.00000 0.000C0 0.90000 0,00000 (2.0,12) 1-1,1-2,1-3
UoZ++ Npo2 (C03 ) 2=- 0.00000 C. 80000 0. 00000 0.00000 (1.4,50) 2-(n>2)
UoZ++ NpOZ2iCO2)3==- 0.0000C 0.00000 0.0poao 0.00000 {1.4,50) 2-{n>2)
To2++ H2PO4 - 0.00000 0.00000 a.00000 0.90060¢ <¢2.¢,127 i-1,1-2,1-3
UQZ++ HPO4= 0.opoad 0.0co00 0.00000 ¢.p000D  {1.4,12} 2-2
VOZ++ POd=- 0.00000 0. 00000 0.00000 0.00000 [1.4,50) 2-(n»2)
NpO2+ cl- £.16900 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
NpO2+ 504= 0.00000 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
NpO2+ HSO4- 0.00000 0.00000 0.00000 o.00008 {2.0,12) 1-1,1-2,1-3
NpO2+ CH~ 0.00000 a.00g00 g.¢o00d 0.00000 (2.4,12) 1-1,1-2,1-2
NpO2+ HCD3- 0.00000 0.,00000 0.00C00 0.go000 12.0,12} 1-1,3-2,1-3
HpO2+ CO2= ' 0.oocccd 0,000C0 0.00000 0.00000 [(2.0,12} 1-1,1-2,1-3
NpQ2+ E(CH)4- 4.00000 0.00000 0._00Q00 ¢.ppoo0  (2.0,12) 3-1,1-2,1-3
NpD2+ B303 (0H} 4~ 0.300000C 0.00000 0.00000 a,pno00  (2.0,12) 1-1,1-2,1-3
NpoZ+ B405 (OHYd= 0.50000 0.00000 0.000a0 0.00000 (2.0,12) 1-1,1-2,1-3
NpO2+ Br- 0.0R000 Q.00440 0,00000 o.00000 (2.0,12% 1-1,1-2,1-3
Np02+ Am{C03!12- 0.00000 .00000 .00000 p,.goood  {2.0,12) 1-1,1-%,1-3
NpOZ+ Am{CC3)I=- a.00000 o.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
NpO2+ clod- 0.31200 0.0oc00 0,00000 0.c0000 (2.0,12) 1-1,1-2,1-3
NpO2Z+ NpO2 {OH) 2~ ¢,Qo000 0.00000 0.20000 000900 (2.0,12) 1-1,1-2,1-3
NpOz+ Npl2C03- 0. 00000 0. 00000 0.pGo00 a.pppoo  (2.9,12) 1-1,1-2,1-3
NpC2+ MpO2 (CO3}2=- 0.Q0000 0.oC000 0.00040 a.cpaa0  (2.0,12) 1-1,1-2.1-3
HpO2+ NpO2 (CO3)3==— 0, 00000 0.0D0300 0.000040 qQ.00000 (2.0,12) 1-1,1-2,1-3
NpO2Z+ H2PO4- 0.00000 0.00000 0.000C0 0.00000 {2.0,12} 1-1,1-2,1-3
NpO2+ HED4= a_geood 0.00000D 0.9ggo00 6.00000 (2.0,12% 1-1,1-2,1-3
WpO2+ PO4=~ 0.ooceCD 0.00000 0. 00000 0.00000 (2.0,12) 1-1,1-3,1-3
cation-Cation Ternary Interacticns: theta(cl,c2)
K+ Catr Mg+t MgOH+ H+ MgB(OH)4+ CaB{OH)4+ Am+++ ANCO3+ Th++++
-0.01200 0. 07000 0.07000 0.00000 0.03600 0.00000 0. 06000 0.00000 0.00000 0,00000
VO2++ NplZ+
0.0D000 0.00000
Ca-++ Mg++ MgOH+ B+ MgB(CH} 4+ CaB(OH)4+ Am+++ AMCO3 + Th++++ UOzZ e+
0.03200 0.00000 0.00000 0.00500 0.00000 0.oc00d 0.00000 £.00000 0.00000 0.00000
NpO2+
0.00000
Mg+ MGOH+ H+ MgB{OH) 4+ CoBICH] 4+ Amb+4 AMCO3+ Tha+++ Q2 ++ Npo2Z+

a.00700 0.00¢090 a.99z200 Q. 00000 0.00000 0.0p00090 0.00000 ¢.00000 0.00000 0.00000

MgOH+ H+ MgB(OH) 4+ CaB(OH)4+ Amrr++ AMCO3+ Th+++4 U024+ NpO2+
0.0C000 ©.10000 0.00000 0.00000 0.0000D 0.00900 0.00000 0.00000 0.00000

H+ MgB{OH) 4+ CaB(CH)d+ Amt++ AMCO3+ The+++ VOZ++ Npo2+
0.00000 G,goooe 0.00000 0.00000 0.00000 a.00000 C¢.00000 0.00000

MyB{OH) 4+ CaB(OH)4+ Am+++ AmCO3 ¥ Thet+++ UOZ++ NpCzZ+
a.00000 0.00040 C.a000o0 0.00000 0.00000 0.00000 ¢.00000

CaB{OH}d+ Am+++ AmCO3+ Th+++ UQ2++ NpO2+
MgB{DH) d+ ©.00000 0.400000 0.00000 0.00000 0.000090 0.00000
A4+ AmIO3+ The+++ VO2++ NpO2+
- LaB{OH)4+ 0.00000 0.00000 6. 00000 0._00000 0.00C00
AmCO3+ Tht+++ TO2++ NpO2+
Q.00000 Q.c0%00 9.00G0% 0.00000
Th+++ VO2++ NpO2+
AmMCOT+ 0.00009 0. 00000 0.00000
UO24+ RpO2Z+
Thet+++ 0.0000C 0.4Q0000
NpO+
TOZ++ a.opboe

Anion-Anion Termary Interacticns: theta(al,a2)

504= HS04- OH- HCO3 ~ col= B(CH}4- B303 (0H} 4~ B4OS (QH)4= Br- AmM(CO3}2-
Cl- G. 02006 -0.00600 -0.05080 £.03p00 -0.02000 -0. 06500 0.120a0 0.07400 0. 00080 0.00000
Am{CQ3) 3=- ClO4- NpO2 (OH) 2- NpO2CO3-  NpO2(CO3)2 NpO2 (CO3)3 B2PO4- HPOd= PO4=-
Ccl- ¢.900000 0.00000 0.000400 4.000080 2.00000D 0.¢0000 0.10000 0.00000 0.o000a
HS04- OH- HCO3 - Co3= B(OH) 4~ 8303 (CH)4- B205{0H) 4= Bx- Am(CO3}2-  Am{CO3}3=-
504= 0.00000 -D.01300 0.0:000 0.02000 -0.01200 0.10000 0.12000 0.00000 0.00000 0.00000
CI1O4- NpO2{GH} 2- NpO2CO3-  NpG2(0Q3}2 NpO2{£03)3 HIPO4- HPO4= PO4=-

50d= 0.00000 0.03000 a,00009) 0.000C0 ©.40000 0.004800 a.00000 D, Q0000
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OH- HCO3 - CO3= B{OH) 4~ B303 (OH)4- B405{0H)4= Br- AM{C03)2- Am(CO3)3=- C104-
HSO4- 0.00000 0.000DD 0.00000 0.00000 0.00000 0. 00000 0.08000 0.00000 0.00€0D 0. 00000
NpoZ (OH)2- NpO20C3-  NpG2(C03)2 Np02(Ca3)3 H2PO4- HEC4= pO4=-
HS04~ 0.00000 0.00000 £.00000 0.00000 0.00000 0.00000 D.00000
HCO3- cods= B(OH) 4~ B303 (OH) 4~ B405(OH)d= Br- AM(CO3}2~ AmICOII3=- ClO4- NpGZ (QK) 2-
OH- £.00000 @.10000 0. 00000 0. 00000 0,00000 0.0000C0 0.00000 0.00000 0. 00000 Q.00000
Hpo2¢03-  NpO2{CO3)2 NpO2 (0013 HIPO4- HPO= PO4=-
OH- 0.00000 b, p00oe 0.00000 0.00000 a.00000 0.00000
Co3= BOH} 4- B30Q3 (OH} 4- B405(CH)4= Br- Am(CO3)2- Am{CO3[3=- CIO4- NpG2 (0K} 2~ Npo2C03-
BCO3- -0.04000 ©.00008  -0.10000  -0.087Q00 0.00000 ©.00000 0, 00000 0.00000 0. 00000 £.00000
NpOZ (CO3)2 NpO21C03)3 H2PO4- HEPO4= pOd=-
HCO3- 0.00000 0.00000 ¢.00000 0.00000 0.D0000
E(DH}4- B303 (OH) 4~ B4OS |DH) 4= Br- Am{CO3)2~ Am(CO3)3=- Cla4- NpOZ(OK)2- NpD2003- NpD2Irp3)z2
co3= 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.{40000 0.00000 0.00000
NpO2 {C0313 H2PO4- HEPO4= PO4=-
col= 0. 00000 0.00000 ©.0000C 0.0000C
B303 (OH) 4-. B405 (OH} 4= Br- Am(CO3)2- Am{C03)}3=- CIO4- NpO2{0H}2- NpO2CLI-  NpO2IC03)2 NpOZ(co3)l
BIlOH) 4~ 0.00000 0.00000 #.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
HIPO4- HPO4= PO4=-
B{OH) 4- 0.00000 0.00000 0.00000
B4OS (OH) 4= Br- AmM{CO312- Am(CO3|3=- CIOd- NpO2(OH)Z- NpO2C03-  NpO2 (CG3}2 NpO2(C03)3 H2PO4-
B303 (OH) 4~ 0.00000 0.00000 0.00000 o.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. 20000
HPO4= PO4=-
B303 {0B)4- 0.00000 ©.a00c0
Br- AM(CO312- Am{Q03} 3=~ C104- NpOZ (OH}2~ NpO2C03~  NpOZ2{C03)2 NpO2(CC3)3 HIPO4- HPOA=
B405 (OH) 4= 0.00000 0.00000 0.0006G0 0.00000 ©.00000 0.00000 0.00000 0.000G0 0.08000 0.00000
POA=-
B405 {OH) 4= 0.00000
Am(CO312- Am{C03)3=- Cl04- NpO2 [OH}2- NpC2C03-  Np02(CO312 NpO2{CO3)3 H2PO4- HPO4= PO4=~
Br~ 0.00000 0.0000D 0.00000 0.00000 0.00000 0.00008 0.00000 0.00000 0.00000 0.00000
Am{C03)3=- €104~ NpO2 (CH) 2- NpGZCO3-  NpO2 (€03)2 NpO2 (CO3)3 H2PO4- HPO4= PO4d=—
Am{CO3)2- 0.00000 0.00000 0.00000 ©.00000 0.60000 0.00000 0.00000 0.00000 0.00000
clo4- MO (DH)2- ¥pD2C03- Kpo2{C03)2 NpO21Ce1)3 H2PO4- HPO4= PO4=-
Am(CO3)3=- ©.00000 ©.00000 D.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Np0Z (OH)2- NpO2C03-  NpO2(CO3}Z NpOZ2{CO0313 HIPO4- HPO4= PO4=-
€104~ 0.00000 0.08000 0.a0000 0. 00000 0.00000 Q.00000 0.00000
§ Np02C03-  NpO2 (CO312 NpD2(CO3}3 H2PO4- HEO4= PO4=~
NpOZ2 {OH) 2~ 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
HpO2 (CO3 )2 NpOZ{CO3)3 HIPO4- HPOd= POA=-
NpO2CO3- 0.D00G0 0.00000 0.00000 0.00000 0. 00000
NpO2 (CO3}3 H2F04- HPO4= PO4=-
Rp02 (CO3)2=- 0.000C0 0.00000 0.00000 0.00000
H2F04- HPD4= PO4=~
0.00000 0.00600 c. 00000
HPC4= POd=-
0.00000 0.00000
POd=-
HPO4= ¢,00000
Ccation-Cacion-Anion Temnary Interactions: psil,..)
c€1- 504= HSD4- OH- HCO3- co3= B{OH) 4~ B3O3{0H)d B40S(OH}4 Br-
K+ -0.00180 -0.01000 0.00000 0.00A00 -0.003DD  0.00300 0.00000 ©.00000 0.00000 D0.0000C
Cat+ ~0.00700 -0,05500 ©.00000 0.00000 0.00000 ©.00000 0.0000D0  ©.00000 - ©0.00000 0.00000
Mg++ -0.01200 -0.01500  ©0.00000 0.00000  0.000DC ©.00000 0.000C0  0.0C000  0.00000  0.00000
MgOH+ 0.00000  0.0GOO0  0.000G0  ©,00000 0.00000 0.00000 D.CODOD  6.000DO  0.0000C  G.0000C
H+ ~¢.00400  0.00000 -0.0125¢  0.00000  0.00000  0.000DC  0.00000  ©0.00000  0.0000D  O.00000
MgB {OH} 4+ p.00000  0.0DDOO  ©.00000  ©.DOOO0  0.00000  5.Q0000  0.00000  0.00000  0.00000  0.00000
CaB (OH) 4+ 0.00000  ©.00000 0.00000  0.00000  ©.00000  ©0.00000  0.000G0  0.DRGO0  0.00000 0.00000
AR 0.00000  ©0.00000 0.00000 0,00000 0.00000 ©0.00000 0.00000 0.0000C 0.DDOOD  0.0DEOD
AmCO3+ 0.0G020 0,00000 0.00000  0.000OO  0.00Q00  0.00000 000060 O.00GOD  Q.00GGE  g.0GORD
Thi 4+ 0.00C00  0.0000¢  0.00000  0.00000 0.00000  0.0C0G0DY  G.0G000  0.00000  0.000GD  (.0000D
U024+ $.00000 0.00000 ©.00000 ©£,.0000¢ 0.00000 ©.00000 0.00000  0.00000  0.00000  ©.00000
Nph2e 0.0000C 0.00000  0.00000 0.00000 0.000DD  0.30000  0.00000  ©.00000  C.00000  0.00000
Caw+ -0.02500  §.00000  0.00000  0_QGD0O  0.000GC  ©.00000  0,00000 O.CODGG ©.00000  0.00000
Mg++ -0.02200 -0.C4800 0.00000  0.0000G  0.00G00 G.00000  0.00000  0.0DDDD  Q.DDEDD 0.0C0D0
MgUH+ 0.000BC  0.00000  0.0DDGO 0.00000  Q_0QOQO  0.00000  D.DOOOO  ©.00000  0.00000  Q.00000
He _0.01100 0.15700 -0.02650 ©0.p0OO0  0,0DROO  ©.00000  O.000OO 0. (0000 ©.00000  0.00Q00
MgB {OH) 4+ D.0000G  0.000G0  (.00000 0.0G000 0.0000C 0.00000 0,00000 0.0DOO00  ©.00000  G,00000
Cab (OH) 4+ 0.00000  §.00000  ©.00000  0,00000  0.00000  0.00000  0.00000  0.00000  ©0.DDOCO  0.DDOOD
A4+ 0.00000 ©§.00000  O.G0000 0.00000  0.00000  0.DDOOD  O.0DODD D.000DD  0.0000G  0.00000
AmCO3+ 0.0e000  ©.00000  O.GD0O0  O.00000  0.00000  0.00000  0,0O000C  0.00DCD  O.00OGD  0.000DO
Tha+++ 0.00006 ©.0000C Q.00CO0  0,00000 0.00000  Q.00000 0.C0OQ00  0.00000  §.0000C  ©.00000
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VO2++ 0.00000 b.oooco 0.04000 0.00Cc00 C¢.00000 0.00080 0.00000 0.06C00 J.0060¢ 4.60000
NpO2+ 0.00000 0,qo0000 Q.00009 Q.00000 . 00000 a.ooedd 0.00000 Q.00C¢00 Q.00000 0.00000
Mg++ -0.01200 0.02400 0.00040 0.00000 0.00000 4.00000 0.08000 4.00000 0.00000 0.00000
MgOH+ Q.00000 0.00000 0.00004 0.{a000 0.c040a 0.000C0D 0.00000 0.00000 a.00a000 0.00000
H+ -0.01S00 0.00300 ¢ .00000 0.ch000 0.00c0a0 0.00000 0Q.00000 0.00000 4.00000 G.0Qo000
MgB (OH) 4+ 0.00000 9.00000 0.00000 0.00000 a.00000 ©¢.,00000 Q.o000d C.00000 0.00a000 0 .00o00
CaB (OH} 4+ 0. 043000 0,00000 0.00000 Q.00000 0.00000 0.00000 0.00000 0.00400 ©.00000 0.00000
Ams++ 0.00000 D_0ooph O, 0000 0.00030 G.000cC0 0.000300 Q.00000 0.00000 0.00000 0.00000
AmMCO3+ 0.00000 030000 0.00000 0.00000 0.00900 Q.0p0ao 0.00000 0.00000 Q.00000 0. oo0a0
The+++ 0.4Q00D0 0.00000 0.00000 D.060000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
UDZ++ ¢.0Q000 J.00000 0.00000 0.00000 0.00000 ¢, 00000 0.00600 . 00000 0.00000 0.00000
NpO2+ D. 0000 Q.00000 o.00000 0.00000 0.00000 0. 00000 0.00000 0.069000 ©.00000 1.00000
MgOH+ 0.02800 0.00000 0, 00000 0.000400 ¢.00000 0. 09900 Q,00000 0.0C030 0. 00000 0.00000
H+ -0.01190 ¢.po00s -0.01780 Q.00D00 0. 00000 0.00000 a.000D0 Q.00Ro0 0.0R000 n0.00000
MgB (OR) 4+ Q.00600 0, 04000 0.060600 a.00000 0. 09000 0.00000 Q.900000 0.00000 0.0DC00 0.08000
CaB(0H) 4+ Q.060R80 O.opo00 0.00000 0.000D0 0. 00000 0.00000 0. 00000 0.,000DD 0.00080 0.00000
A+t Q.00CcH0 0. 00000 Q.00000 0.000060 0.00000 0.000G0 0.00000 Q.00000 Q.00000 0.000400
RMCO3 + 0.00000 Q.00000 a.o0c00 ©.00000 0.00000 q.00000 0.00000 0.00000 Q,00000 0.00Cc00
Thes+++ 0.00000 0.00400 ¢.00000 ¢.00000 0.00000 1.00000 0.00000 ¢.00000 4.00000 a.00000
TVO2++ ¢. 00000 0.00040 0.000Q00 0Q.00300 0.00000 0.00000 0.00000 0. 00000 0.00000 0. 0Q00c
NpO2+ 0. 00000 4.00007 0.00000 0.00000 4.000040 0.00900 Q.00000 0.00000 G.00000 0.000Q0
H+ 0.CDAa00 0,00000 0. 00000 0.00090 0.00000 0.%0000 a.00000 0.00000 0.00000 0.04a00
Moh (OH) 4+ Q.00000 0.qooo00 Q. 00000 a.00000 0.0ooc0 0.00000 0.00000c 0.00000 0.00000 0.00400
CaB {OH) 4+ 0.00096 0. 06GGa0 a.60000 0.00000 0.00000 0.00000 0.00000 Qd.00000 0.00000 Q.00000
Alle+++ 0.00000 0.00000 0.00000 0. 0aao0 9.00000 0.00000 0.000400 0. 00000 Q.Q0000 a.00000
AMCO3+ 0. 0Qo0D a.00000 4.Q00000 0.D3000 a.o0Go0 0, 00000 0.00000 0.Q00090 0.009000 Q.,00000
Tht+++ 0. 09000 0.00DC0 0.00000 0.00000 0.00000 0.09900 0.00000 0.06000 0.00900 0.Q0000
TO2++ 0.00000 €¢.00000 0.aodon Q.00000 {.00000 0.00000 0.00000 Q.00000 0.00000 0.00000
NpO2+ 0.006400 0. 00000 0.00000 0.00000 0.00000 Q.D0000 0. 09000 Q.00D00 0.00000 0.,00000
MgB {OH) 4+ 0.00400 0, 00000 0.00000 0.00000 0.00000 0.00000 . 10000 Q.00000 Q,00000 Q.coDeo
CaB{0H) 4+ 0.00000 G.20000 0.00009 Q.00000 0.00000 0.00000 0.00000 0.00000 0.00000 Q.00000
Amt++ 0.00c0Od 4. 04000 a.oo0aq ¢, 300Gk 0.00000 0.000D00 0. pROo00o ¢. 00000 0.00000 Q.00000
AmC03+ a.00000 0.00000 0.000040 0.80000 0.003a0 0.0o000 ¢. 00000 0.00000 {4.00000C 0.000C0
Thoe+++ 0.00000 Q.00300 Q.00000 . 00000 0.60000 %.00000 0.00000 D0.3d000 0.00000 ¢.Q0000
UC2++ 0.00000 Q.ocooo 0,00000 0.0D0o00 4.00000 0.00000 0.00000 ©.400000 0.00000 ©.00000
NpO2+ ©.Daooe 4.00000 0.00000 0.c0000 3.000040 0.040000 0.00000 0. 09300 0.00000 0.0000C
MgB {0H) 4+ CaB(CH} 4+ 0. 03000 q.00000 C. 00000 0.00000 4.00000 0.30000 Q.000D0 Q.00g0a0 0.90000 0.00000
MgE (OH) 4+ Amt++ 0.c0000 0.00000 . 00000 a.00000 0.a0000 ¢.00a00 0.00004 Q.0Dpoa 0.00000 0.00000
MgPB (GH) 4+ AmMCO3+ 0.0080Q0 0.aaoco 0. 00000 0.00000 C.00000 0.00000 Q.00000 0.00000 0.00000 Q. 00000
HgB (OH) 4+ The+++ 0.00020 Q.009000 a.00609 Q.3a00006 G.46a00 &.00000 0.00000  0.0000D 0.c0009 0.00000
MyB (OH) 4+ U244+ 0.00000 0.00000 d.000C0 £.0Qo0e 0.009000 0.00000 0.00000 €.00000 4.00000 a.o00co
MgB {QH) 4+ NpOZ+ €. 00000 .00000 0.00000 0. 00000 0.04G0990 0.00000 0.0E000 0, 00000 0.00000 0.00000
CaB (OH) 4+ ATt ++ .00000 Q.00800 {4.00008 0.00000 0.00009 0.00000 0.00000 0. 09000 0.900000 {.00000
CaB{0B) 4+ AmCO3+ 0. ¢0000 {0.00000 Q.00000 0.00000 0.004G00 0.00000 0.00000 D.039000 ¢ .90000 {.,00000
CaB{CH) 4+ Th++++ 0, 00000 0.00000 £,9000D 0, 00000 0.00000 0.00000 0.000400 0.10000 0.00000 0.00000
CaB |OH} 4+ To2++ 0.00000 G.00000 0. 09000 0.00000 ¢.00D00 ;.Q0000 0.,00000 0.00000 0.00000 0.00000
CaB (OH} 4+ NpO2+ 0.000800 0. 00000 0.00000 0.000090 . 00000 ¢.00000 0.00000 0.00000 0.Q0000 c.00000
Afret++ AmCO3+ 0.00000 0.00000 0, 00on 0.00000 {1.00000 0,0000C¢ a.00640 o.00a0a 0.0p000 D, o000
Amt++ Th++++4 a.00000 0.900000 0.00000 Q,00000 0.00000 €.00000 0.00000 0.D4aa0 0. 00000 0.004000
Am++ TO2++ 0.00000 0.0Q000 0.00000 Q.00000 0.00000 ¢.900000 0.00000 0.00400 0.00000 0.00000
A4+ NpO2+ 0.00000 0.daoo0 0.60000 a.000400 0.Qoocc 0. 00000 0.00C04 0.00000 0.00000 0.00000
AmMCO5+ Th++++ Q.00C00 0.00000 Q.¢0Dao Q.00000 0.00000 Q.D3a00 0.00000 Q.o0pan 0.0000Q 0.004000
AmMCO3+ UOZ++ a.00000 0. 00000 0.00000 0.00000 0, 00000 0.03000 0.00000 0.00200 Q.cooo Q.00000
AmCO3+ NpO2+ 0.00000 0.c0ao0o0 0.06000 0.000C0 0.00000 9.000Q0 0.00000 0.00000 0.00000 Q.0C6D40
Tht+++ UQZ2++ 0.a0000 0.004000 Q.00004 ¢. 00000 0.004000 .occog 0.0Dd00 0.00000 Q.0a0000 a.00000
Thesd+ NpO2+ 0.00000 0.000C0 0.00000 0.00000 0.00000 0. 0000¢ 0.000G0 a.06600 8.00000 ¢, 00000
UDZ++ NpO2+ 0.00000 ¢.a0000 0.00000 Q.00000 G.a0000 0.09900 0.00000 0.00000 0.00000 0.309000
Am{CO3)2- am(CC3)3= Clod- NpO2 (OH)2 NpO2C03- NpO2 (CO3) MpO2(CO3) H2PO4- HPO4d= PO4d=-
K+ $0.00000 0. 00000 0.00000 0.00000 0.00000 {.0000C0 . 00000 0.00000 Q.00000 0.00000
Ca++ 0.00DC0 0.00900 0.00000 . 00000 0.009000 0.00000 0.00000 0.00000 0.00000 0.00060
Mg++ 0.00000 0.00000 a.00000 0, Q000D 0.0(000 0.00008 0.DEA00 €,00000 0.00000 0.00000
MgCH+ ¢, 00000 Q.0Da00 ¢.00000 0. 00000 0.000040 0.00000 0.00000 0.04d000 0.00000 3.00000
H+ £.00000 0.00000 0.000CD ©. 00000 a.oco0a 0.00000 0.00000 ¢. 00000 0.43000 @.4ao000
BgB (OH) 4+ D.00000 0.00000 0, 00000 0.00000 Q.00000 0.Q0000 Q.00000 0. 00000 0.00000 D. 30000
CaB [CH} 4+ ©¢. 030000 {.Q0000 0.00000 0.00400 D.00000 €.00000 0.00000 0.00q00 C¢.00000 0. 00000
Aroet -+ 0.00000 0.00000 0. 00000 0.00000 0.qQo0c0 0.00000 0.00000 0.C0000 0. {30000 0.00000
AmCO3+ 0.CcD3a0 0.00000 0. 00000 {d.00000 ¢.ao0o00 Q. 00000 {.00000 a.000od 0.00000 0.0090a0
Thit+t++ Q.00000 0.900000 0.00000 $.00000 0.00000 0.000400 0.00000 0.0000D 0.00000 0.00000
TO2++ 0.000040 0, DO000 0.00030 0.000040 0.00000 0.000040 0.90000C a.onoce 0.00000 0.00000
NpQ2+ $.00000 0.c0ag0 Q0.00000 0.40000 Q.¢0a00 {.00008 0. 00000 .0000C0 0.000CD 0.000040
Car+ 0.00000 0.00000 .00000 Q. 00000 0.00000 ¢ .00000D 0.00300 0. 04000 ¢.00000 a.aasoa
Ng++ 0.009000 0.00000 0. 00000 0.00000 0.00000 0.00Q00 0.00009 0.80900 0.90000 0.00000
MgOH+ 0.00000 4.ao000 0.060000 Q.00000 0.000DD 0.030000 0.00089 0.DGad4d 0.000900 0.340900
H+ 0.000400 ©.00000 Q.00000 0.00004Q 0.00000D 0.00000 0.900000 0.00000 0.0e000 G.00000
MgB (OH) 4+ 0.00000 0. 04000 a.0C¢e00 0.00D00 0. 00000 0.00000 ¢.00000 0.00080 0.00000 0.00800
CaB{QH) 4+ 0.,000C0 0.00000 0.00000 0. 00000 0. 00000 0.00009 o.¢0000 0.Qoo00 {Q.00000 Q.00000
Al ++ Q.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000 ¢.00000 {.,00000 Q.00000
A3+ ¢, 00000 0.00000 0.00000 0.00000 Q.00600 0.00000 0.00000 0. 09000 ¢.00000 Q.00000
The++4+ 0.000c0 0.00000 0.0000D . 00000 a.00cD0a 0.00000 0.00800 C.40000 9.0g9g0c ¢, 0000c
Uo2++ C. Q30000 9.00000 D.00000 0.00000 4.00000 ¢.a0000 0.00090 0. 04000 0.00000 0.00a00
NpC2+ 0. 00000 .00000 c.Q0000 Q.004200 0.00000 0.900000 0.00000 0.00004 C.9040000 0.00000
Mg++ ¢, 00300 D .agooo 0. 04000 a.0000Q . Qo000 0.00000 4.00000 a.opo00 0. 00000 0.00000
HgOH+ Q.o0400 ©.40000 a.chDgo ¢.00000 0.00000 0.00030 0 .00000 0.00000 Q.00CDE qQ.0o0000
H+ 0.00090 0. 03900 0.0C000 D.000C0 0.0000Q a.000090 C.D2000 0.00000 a.00000 0.00000
MgB {OH] 4+ {0.00000 Q.C¢DAgo 7.00000 C.Daooe 0.004000 4.00000 0.00000 0.00000 {.0000C . 00Q0C
CaB{OH} 4+ 0.0Q0c0 a.00000 0.0000G0 0.00000 a,00000 0.00000 0.00000 0.08000 0, 00000 0. 00000
Art++ 0. 30000 0.00000 0. 00900 Q.,00000 ¢.00000 0.20000 {0.00000 Q.00000 0.00004 0.D00000
AmMCO3+ 0. 00000 0.00000 0.G0000 Q0.000a0 0.00000 0.06600 Q.00000 0.,00000D 0.00060 0.00000
Th++++ Q.000430 D.09000 0.00600 Q.00000 0.00000 0.00000 0.¢0000 Q.90000 0.00000 0.00000
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Ca++ TO2++ 0.00000 0.a0000 0.00060 0.00000 Q.00000 .00000 0.00800 0.09000 0.00000 0.00000
Cat+d NpOz+ 4.00000 0.00000 Q,oo000 0.00000 0,00000 0. 00000 0.00060 0.,00000 0.00000 {1.00000
Mg++ MgOH+ 0.00000 0.00C00 4.00000 0.00000 0.00000 0._¢0000 0.00000 0.0¢000 0.0G000 0.40000
Mg++ H+ g.4aa006 7.0060340 . 00000 0.,00000 p. 00000 Q.00000 Q.00000 0.00000 0.00009 0.00000
Mg++ MgE (OH)} 4+ ¢. 00000 0.00C00% 0. 50000 0.00000 0.00000 0.cooad 0.faooc 0.00000 0.copoa 0.00%00
Hg++ CaB (OH} 4+ 0.00300 0.00000 0. 00000 {,00004 0. 00000 J.oco0Q C.00000 0.00000 0.00c00 0.0C040
Mg+ Aty 0.00DG0  £.00000  §.00000  ©.000C0  0.00000  ©.00000 ©.00000  0.00000 0.000C0 O 00000
Mg++ AMCO3+ 0.00000 0.09300 0.o0004 ¢, 0ooce 0.00000 0.00000 0.00000 ¢.40000 0.00000 0©.00000
Mo+ Tht+4+ £, 00000 a.00000 0.000C0 0.Dpaoe 0.00000 ¢.g00oc 0.00C00 ¢. 03000 0.00000 0.G0000
Mg++ VO2++ 0.00000 a.00000 0.00000 Q.004800 0.00000 0.,0CC00 0.00000 0.0660G Q.00068 0.00008
Mg++ RpO2+ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00D80 0.00000 0.00000 Q.00000 0.0congd
MgOH+ H+ 0.00000 0.00000 0.00000 €.00000 0.00000 0.00000 0.paoao 0.00000 Q.00000 0.00000
MgOH+ MgB (OH) 4+ 0.00008 0.06000  (.000B0  £.0A00C  0.00000  0.00000 0.00000  0.20000  0.0000C 0 .00000
MgOB+ CaB (0B 4+ 0.00000  ©.0DBA0  0.000DE  0.0O0OC  0.000G  0.00000  0.00060  0.00000  ©.00000 0 00000
MgOH+ Amme+t 0.00000  0.00000 0.00000 ©0.0000C  4.00000 0.00000  0.0000C  0.00Q0  0.00000  ©0.00000
MgOH+ AmCo3+ 6.00000 ©.00000 ©.00000 0.00000  0,0000C  ©.00000 0.0C0G0  0.G00Q0  0.00000  0.010000
MgOH+ Th++++ 0.Cc00a0 D.0o0CD Q. 00000 Q.00040 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
MgOH+ UQ2 ++ 0.0G000 C.00000 9.00000 a.00c040 0.00000 a.pc00Q 0. 00000 a.qoooe 0.00004Q 0.00900
MgOH+ Mpo2+ {.00000 0.00000 0.00000 0.00000 0.00000 4,000060 ¢.C0a00 .00000 0.00c00 0.0CDD0
He HaB {GHi 4+ 0. 30000 £.00000 0. 000D 0. 00000 0.00000 0.Q0000 0.o0n0o0 0.00000 9.00000 0.00000
H+ CuB (OH) 4+ 5.00000  0.00080  ©.00000  0.00000 0.00008  6.00000 0.00000  0.00000  0.00000  0.00000
H+ A+ ++ 0.00000 0.00000 0.00000 0.00000 0.90000 6_0G000 0.90000 0.04000 0.00000 {1.00000
H+ AmC03+ 0.00000 0. 00000 0.00000 0.00000 0. 00000 0.00000 . 00000 0.00000 0.00000 0.00000
H+ The+++ 0.00D60  0.00000 0.00000  (.00000 ©0.00000  0.000G0  0,00Q00  0.000DC  0.0DOOCG  0.000CO
B+ UDZ++ 0.00000 0.06000 0.00000 0.00000 0.000090 Q.00000 0.0G000 Q,00000 0.00000 0.00000
H+ NpOz+ a.00000 0.00000 0.000600 0.0a0c0 0.00000 G.00060 0.0G6000 G. 20000 &. o000 04.00000
MgE (OH) 4+ CaB{0OH} 4+ 0.00000 0.060040 0.00000 0.00000 a.060040 0.00000 0.00000 0.00000 4.00000 ©. 00000
MgB (OR) 4+ Ripee+4 0.8000G  0.00000 0.00000 Q.00000  0.00COD  0,00000  0.00000  ©0.90000  0.00000 0. 00000
MgB {0H} 4+ ARCO3+ 0.00000  0.00000 ©.00000 0.00000 0.00000  0.03000  0.00004  0.00000  ©.00000  0.00000
MgB [OH} 4+ Th+++ 0.60000 0.00000 ©.08000 0.00000 £,00000 0.00000  0.000c0  Q.00000  0.00000  0.00400
MgE (OH) 4+ oz++ 0.00006G 0. 80860 G. 00000 o.00000 0. 00000 0.00000 0.00000 0.00000 a.coeod 0.00000
MgB (OH) 4+ Npo2+ 0.00000 0.00000 0.00000 o.o0000 0.00000 £.00000 0_00000 0.00000 0.00000 0.00000
CaB {OH) 4+ Bavvr++ 0.00000  Q.00000  ©.0000C  0.00000  0.00000  .00000  0.00000  0.00000  ©.00000  O.0000D
CaB (0H) 4+ PmCO3+ 0.¢0000 0.000C0 ¢.00000 0.00000 0.00000 5.00000 Q,00000 0.00000 0. 00000 0.34a000
CaRB [OR} 4+ Th++++ 0. 08000 ¢.00000 0.00000 0.00000 0.00000 0.00800 0.00000 0.00¢00 0.003090 C.00000
. CaBlOHM M+ UO2++ 0.0D000  0.000DC  0.000Q0  0.00D20  0.00000 ©.0DDCO  €.00000  0.0DDRC  0.00000  ©.00000
CaB (OH) 4+ Npo2+ 0.00000 ©.00000 0.08000 0.00000 ©£.00000 0.00000 0,000006 9.00060 0.008040  0.DDOGO
Amt++ AmCO3+ 0.00004 0.00000  Q.00D000 ¢.00000 0. 00000 0.00000 0,00000 4.00000  G.CeDOC 0.,00000
Am-++ Th++++ Q.00800 0.09000 0.00000 G.o00co 0.00000 4.000C00 0.Dpo000 0.00000 a.0o00d 0.000060
ARk 4+ Ug2++ 0.000C0 0.00000 0.00000 . 00000 0.60400 0.,00000 0. 04000 0.990000 0.000060 0.0Q000
A+ Npo2+ 0.00000 Q0.0c000 0, Q0000 0 .00000 a.000%0 0, 00000 0.00000 C.{30000 0.00000 0.0000C
AMCO3+ Ths+++ 0.00000 0.00000 0. 6a300 0.00G68 0.0o0000 0. 20000 0. 00030 0. 00000 0,00900 0. 00000
AMCO3+ TO2++ 0.000900 £.00000 0.00000 0.00C00 0. 00000 0.0CC00 Q,00000 0.00000 0.00000 ¢, 00000
AaCO3+ NpO2Z+ Q.00009 0.09Q000 0.00¢00 0.00000 0. 00000 0.00000 @.00000 0.00000 0.00000 0.00030
Tht+++ UOZ++ 0.00009 0.00000 0.00000 ¢, 00000 0.00000 0.00000 . 00000 0.00000 0.00000 0.00000
Tht+++ NpO2+ 0.00008  ©0.00000 0.00D00 06.00000 0.00QQ0  0.000DC  0.0000D  0.00DDC  9.00000  0.00DCC
UQZ++ NpO2+ 0.000DG  0,00000 0.000006 ©0.G0OOGO  0.0DOO0  ©.0000¢ 0.00000  ©.00000  0.00000  0.00000
anion-Anien-Cation Ternary Interacticns: psif{,,,)
Na+ K+ Ca++ Hag++ MgOH+ H+ MgB (OH} 4+ CaB{OH} 4+ Ame++ AmCO3 +
S04= 0.00140  0.00000 -0.01800 -0.00400  0.0000C 0.00000 0.00000  0.00200  0.00000  0.00000
HSO4- -0.0060) 0.00000 0.000090 0,000¢0 0. G0000 J.01360 0.000600 0.00000 0. 00930 0.00000
OH- _0.00600 -0.00600 -0.025G60 ©.00000 0.00000 0.00000  (.00000  0.00000  0.00000  0.0000C
HCOA- ~0.01500 0.0G000 0.00000 -D.09600 0.00000 a.00000 0.Doooo {. 00000 0.00000 0.00000
Co3= ¢.00850 0.00400 Q.00000 0.00000 0.00000 0.0000D 0.00800 0.090900 G¢.00000 1.49000
B(DH) 4~ -p.00730  0.00000  ©.00000  0.08000  0.00DGC  0.0Q000  0.00ROO  0.00000  ©0.00000  0.00Q00
BIG3{OHI4- -D. 02400 0.00080 0.00000 000000 G.00000 0.c0000 Q.00000 0.pa0da0 0.00000 0.40000
BAOS (OH) 4= 0.02600 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000  0.Q0000  0.09000
Br- 0. 00000 0.00000 ©.00000 0.00000 0.000GC 0.00000 0.00000 0.00000 0.00000 0.D0000
Am(CO3)2- 0.00A00 0.000D0 ©.0{44000 0.00000 ©,00000  0.CO0G0  0.00000  0.0DDOD  0.00000  0.C0000
Am(CO3) 3=— 0.000900 ©. 00000 0.¢0000 0.00000 0.00000 0.00000 0,p0oc0o a.ooc00 a.pocng 0.00000
clod- 0.00000 0.00000 Q.00000 0.f000D 0.00000 0.00000 0. 00000 q.00000 0.0ooC00 0.0o000
MpOZ (CH) 2- ©,00000 0.0DBO0  £.00000 0.00000  0.00000 (.90000 O.06G0G  0.G0G06G  0.00000  D.00D0D
NpO2CT3- p.0000GF  0.00DB0  ©.00000  ©.DROOD  0,0000C  0.00000  Q.00000  0.00O00O  ©0.00000  D.CO00O0D
NpO2 (CO3} 2=~ 0.00G000  0.00000 0.00000 0.00000  ©0.00000 ©.00000 0.00000 0.0ORO0  0.00000  ©.0Q000
NpO2(CO3)3==-  0.0DG00  ©.0Q000 0.00000 0.00D00  0.00000  0.00000  &.0000C  O.00000 0.00000  0.00DG0D
HzPO4- Q.000C0 -0.01000 0.00000 G. 00000 0.80000 Q.00000 0.00000 0.00000 0.00000 0.00000
HPOd= a.00647 o. a0 0.00000 0. 0000R 0.0p000 0.0Do0G G. 00000 ¢.00000 0.00000 0.00000
PO4=— 4.00000 0.003400 Q0.00000 ©. 00000 0.00000 4.00000 0.00000 0.00000 a.ggooo ¢.0ooc0
HSD4~ -0.00%4c -0.06770 0.00000 -0.04250 a.00000 0. 00000 0.000900 0. 00000 0.gaoo0 0. 0Qooe
OH- -0.08800 -0.05000  ©.0000C  0.00000  D.QODDD  ©£.00000  0.00000 0.00000  0.00000 ©.000Q0
HCO3- -0.00500 0.00000 0.00000 -0.16100 ©.00000 0.00000 Db.oooCD  0.00000  C.00000  0.00000
£a3= -0.00500 -0.00900 Q.00000 Q.,00000 0.040000 0.00G00 0.20000 0.00600 Q.cooda 0.0cD00
B(OH}4- 0.00000 0.00000 0.00000 0.00000 0. 0010 0.00000 0. 08000 ¢.0Q00a G.00060 a.060080
B303 (0B 4- . 000GD 0.00600 ©.00000 0.00000 0.00000 0.00000 Q.004G00 0.00900 ¢.0000D {.00000
BAOS{CH} 4= 0. 00900 0.00000 0. 00000 Q,00000 ¢.Q0000 0.09000 0.00000 0.0¢0990 0.00000 0.00000
Br- 0.DBOOO  §.000D0  O.QOD0O0  0.00000  0,00000  0.DBROO  0.00000 O .0ODGG  0.00G00  O0.00000
Am (L0312~ 0.00000 0.G0000 0.08000 a.00000 0.00000 0.000G0 0, 0900 0.00000 Q.opona 0.00000
Am(CO3)3=- 4.06040 0.093G¢ g.000aa ¢.00000 o.00000 0.0D0DC 0. D000 G.00000 0.00000 0.00000
Ccrod- 0.00CCO  ©0.00000  0.00GCG00  ©.O00GC  0.30000  §.Q00C0  ©.00000  0,00000  0.00000  G.000GD
Np02 {OH) 2- a.000¢D 0.000490 ft.000C0 0.00000 a.000040 0.00000 0.00000 C¢.D0000 0.qQooo00 ¢. 00000
NpG2C03 - 0.80000 0.00000 0.00000 Q.00000 0.00G00 C¢.90000 ad.00000 0.00009 0.00000 0.00000
NpO2 (CO3 ) 2=- 0. 08000 4.00000 0.00000 Q.00040 0.0000C 0.00a00 0.00000 0.00000 0.00000 0.00000
RPO2(C03)3==-  0.00000 ©.00000  0.00000 0.00000 ©.00000 0.00000 ©£.0000C  0.0000C  0.00000  0.00000
H2PO4- 0.0000G0 0.00000 0.000C0 0. 00000 0.00000 0.00000 0.00000 0. 00000 d.00000 a.9060¢
HEC4= 0.00000 0.00GA0 0.000008 0.R0000 f.00000 0. 00000 Q.00800 C._00000 ¢.004000 0.40000
PO4=- £.00000 0.00DCO  (.DOODD  0.00000  ©.0000C  ©0.GO000  0,00000 0.00C00  0.¢GOO0  0.00000
HS04- OH- 0.00000 ©¢.00000 0.00000 0.00000 0. 00000 0.0C000 Q.00000 0.00D00 0.0oneo 0.00BH
HSO4- RCO3- 0.00000 0.00000 0.0e000 0.400000 0.30000 Q.00080 0.o0000 G.00000 0.00000 0.90000
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT
CQ3= 0. 00400 0.000C0 0.00400 a.00000 0. 00000 a.00000 £.00000 Q,00000 a.0000d 0.00000
B{OH) 4~ 0.00040 0.00000 0.00000 p.000c0 0.00000 0.o000d 0.00000 {.00000 a.000C0 0.00004
B303 (OH) 4~ Q.00000 Q.00400 a.o0000 ©.0d000 d9.00000 0.00000 0.00000 ©.00000 0.00000 0.Qooco
BAQS {OH = 0.40000 0.00000 o.00000 0.00300 {.00000 0.0a0000 0.00000 ¢. 00000 0.00000 0, 00000
Br- ©.00000 4.00000 0.00000 0.00000 0.00000 Q.08000 4.00000 0.000400 0.00000 0.00000
Am{C03)2~ 0.00000 0.00000 0.00000 Q.4ago00a 8. aa660 0.80000 p. {0000 Q.00000 0.C00000 0.0004Q0
Am{C03) 3=~ 0.00000 0.00000 0.000%30 0. Q0000 0.000090 €.00000 0.00000 0.94a000 0.,00000 Q.00c00
clod- ¢. 00000 Q.00000 {,00000 0.00000 0.00000 0.90000 0 .000a0 0.00000 0.00000 g.00000
NpO2 |OH} 2~ Q. D000 0.000C0 0.00000 0.00000 o .o0000 0.09000 Q,00000 ©.00000 0.00000 0.3a000
NpQ2C03- 0.00000 0. 00000 0.00000 0.00000 0, 00000 0.00000 0.00000 0.00000 0.00Q00 0.00090
NpG2 {CO3)2=— 0.000080 0.00000 0.00000 0.00000 0.00000 0.0pe00 o.00000 0.00000 Q.00000 0.coe00
HpO02 {CO3) 3==— 0.00000 0.00000C 0.00000 0.00004 0. G000 a.000o0 D.o0D0OD {.00000 0.00000 0.00000
H2PO4- H.00000 0.00400 0,00004 0.00000 0.o0a00 0.00000 ¢.00000 0.00000 a.00000 ¢.00000
BFO4= 0.00000 a.ocoda 0 .00000 0.00000 d.00000 . 00000 0.000a0 0.80000 0.00000 0. 00000
POd=- 0.00000 .900040 0.00000 0.00000 0.QQ000 0. 00000 Q.00C0Q 0.00000 . 00000 0.00000
HCO3- Q.00000 0.Q0000 0. 00000 Q,000040 0.00000 a.6p000 4.00000 0.00000 0.00000 0.DR000
Co3= -0.01700 -0.01000 0.00000 0.00000 0. 00000 g.o0000 C.00000 Q0.oo000 0.00000 Q.00000
B(OH) 4- 0. 00000 0.00000 Q.00000 0.00900 &.060060 b0.05000 0. o0op0 5.00000 a.00000 0.00000
B303 (OH) 4- 0.004000 0.000C0 0.00000 0 .00000 0.00000 0.009000 0.00000 0.00000 . 00000 Q.00000
B405 (OH) 4= 0.00000 0 .00000 0. 00000 0.00000 0.00000 0.00000 0.00000 0_000ao 0.00000 0.00000
Br- 0.000600 0.00000 0.04000 0.00000 0. Q0000 0.00000 ¢ . 00000 0.00000 0.006030 0.000Q00
Ami{CO3)2~ 0.00000 0.00000 Q.00000 . 00000 0_0agao a.00000 0. 20000 0.00000 0.00000 0.co000
AM{CO3) 3= . 00000 0.00000 4.00000 D.00000 Q.00000 0.a0000 0. Deado 0.00000 0.00000 0.000ca
Clo4- 0.0000C Q.,00040 ¢.00000 0. Do000 a,000d9d G. 00000 000000 D. 00000 ¢.Q0000 Q.0Q0000
Npo2 (OH) 2- 0.00000 Q.00000 £.Q0000¢ 0.00000 4.00000 0.Q0000 ¢ ,00000 0. 00000 0.40000 0. 00000
NpO2C02- 7.00900 0.000G0 0.00000 0.00000 0.00000 0.00Q00 0.Q0000 0.00000 0.00000 0.00000
Npk12 (CO3 ) 2=~ 0.00000 0. 00000 0.00000 0.00000 G¢. 00000 0.GDO00 0.00000 0.00000 0.00000 Q.00000
NpO2({CO3)3==- 0.00000 0.000a00 0.000040 0.Q00c0 0.00000 0.000¢00 0.04000 Q.00000 0.o00000 0.0c0000
H2PO4- 0.00000 a._0co00 0.00000 C.00000 0.0¢000 o.Qo0co ¢ .00%00 0.00000 Q.00000 ©.00000
BPO4= 0.004g00 ¢.Qo0d0 0. 00000 Q,00000 Q.aoa0n . Gaato 0.00000 £.00000 0.90000 0.00000
PO4=- Q.00000 0.00000 0.00000 0.00000 0. 00000 0.00000 0.00000 0.00000 0.00000 0.00000
coi= 0.00200 0.01200 0.00000 a.00000 ¢.00000 Q.00000 Q.00000 0.00008 0.00000 ¢.90000
B{CH!}4- 0.00000 0.00000 0.00000 0. 00000 0.06000 0.00000 o.00900 0.000D0 0.00000 0. 00000
B303 {0H) 4- ¢. 00000 0.000900 a.00000 0.00000 9.00000 0.00000 0. 00H100 Q.00000 0.00000 0.00000
BJO5{OH} 4= 0.00Q000 0.00000 £.00000 0.00000 0.00000 0.940000 0.00800 0.00000 0.00000 Q.00000
Br- 2,00000 4.00000 0.0Q0000 0.00000 q,00000 G.419000 0.00000 0. 00900 D. 00000 4.0Q000
Am(CO3) 2~ 0.08a00 9.00000 0.Q0000 Q,00000 0.00000 0.00000 0.00000 0.00000 ©.000Q0 0. 00Qo0
Am{C03) 3= 0.00000 0.Qo000 ¢. 00000 0.00000 0.00000 0.00000 Q.00000 0.00d04 ¢. 00000 0., 00000
Cc204- 0.00000 0.a0000 0.00000 0.00000 ©.00000 0.00000 a.00oco 0.0o0DO0 0.00800 0.00000
NpO2 {(0H) 2- Q.00G00 0.00000 0.00040 0.00000 ¢, 00000 0.00000 {.00000 Q.00G00 0.00000 0.00000
Rp02C03 - 4.00000 Q. 00000 0.00000 G, faoce 0.c1a00 a.pceaa 0.049000 0.00000 a.oe00d Q.00000
NpO2 (C03) 2= 0.00000 0.00000 £.00000 0.00000 0.00000 d.00008 0.00000 2, 00000 9.00000 0.000040
WpD2 (CO3}3==- 0.0G3000 0.00000 0.00000 0.00000 0.Q0000 2.00000 0.00D40 0.00000 ©.00000 Q.00000
HZPO4- 0.00000 . Q00Dg 0,00000 0.00000 D. Qo000 0.09000 Q,00000 0.00000 0.009000 0.339000
HPO4= Q.00000 0. 00000 0.00000 0.90000 0.00000 0.00000 Q.00000 Q.00000 0.00000 ¢.00000
PO4d=— 0.00000 0.00000 0.00000 o . 00000 0.00000 2.08000 0.00Q00 0.0000D 0.00000 0.00000
B|OH) 4~ 0.00000 0.008000 a.00000 o.¢0000 Q.00000 0.00000 G.00ao0 0,00000 Q.00000 Q.op0ao
B303 {0H} 4~ 0.0aoco 0.c0000 0.0ocoDd . 00000 0.00000 qd.ogood 0.0aod £.80000 D.000DD 0.ooool
B4CS |OH} 4= 0.00000 0.00c000 Q.00000 0.08000 Q0.00300 Q.00000 0.c0000 0.00000 @.00000 a.00000
Br- 0. 00000 0.00000 0.00000 0.0c0000 a.00000 0.00000 0.00000 0.00000 0.00000 ¢.0000D
Am(CO3)2- 0.030a00 {.00000 0.00000 0.00000 {4.00000 0.00000 0.00000 0. 900000 ©.00000 0. 00000
Am{CO3)3=- 0.0c0000 0.Q000C0 0. 00300 0.00000 0.0Q0c0D . 00000 0.000D04 0.000d0 0.00000 0. 00000
Cl0d- 0.00000 ©.00000 0.04400 Q,00000 0.00000 0.00400 Q.00000 0.00000 0.0D0Q00 0.00000
co3i= NpOZ {OH) 2- 0.00000 0.00000 0.00000 0, 00000 0.00000 4.00060 7.36000 a.60000 0.0DDO0 0. 00000
co3= Np02C03 - ¢. 00000 0.00000 {Q,000C0 0.00000 0.00000 0.00000 0.0{000 ¢ .00000 0.00000 0.00000
coi= NpO2 ({C03) 2=- 2. 00000 0.0000Q ©.00000 3.00000 0.00000 0.900D0 0.00000 0.00000 {.0Q0000 0.00000
Co3i= NpO2 iCC3) 3== 0.00000 0.00000 o.00000 Q.00000 Q.00000 0.90000 0.00000 D.G00090 .,00000 Q.00000
CO3= HIPO4- 0. 08000 0.00000 0.00000 0.00000 . 00000 0.00d00 0.00000 0.000Q0 0.009000 2.00000
CO3= HPO4= 0.04000 0.00000 0.00000 0.00000 D.0Q000 0.00000 0.900000 0.00000 0.00000 0.G0000
Co3= POd=~ 0.00000 0.00000 0.04000 Q.000400 0.00000 0.04a0d g. 3000 g.00008% 0.00pOD 0. 00000
B({OH) 4~ B303 (OH) 4- Q.00000 0. 0000C 0.00009 4.00000 0.00000 a.c¢ooo 0.00000 Q0.00000 0.00000 Q.00000
B{OH)4- B40S (0H] 4= 0.00000 0.00000 Q.00000 0.9000C0 0.00000 g.oooda G, 00000 0.00000 a.00000 0.00000
B{OH}d- Br- 0.00000 0.00000 a.o0008 0.04a000 0.00300 0.00000 ¢.Cc0a00 0.09000 {¢.00000 ¢.00000
B{OH) 4- Am(CO3)2- G.00000 Q.00D010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 D.00000 0. 00000
BIDH} 4~ Am{CO3)3=- 0. 08900 0.00000 0.00000 0.00000 0.00000 C.00000 0.00000 0.00000Q c.a0000 0, 00000
B{OH)4- ciod- 0.00000 0.09000 Q.00000 0.Q00C0 0.00000 0.0600d 3. 66000 a.66000 0.00800 0. 00000
B{OH)4- Mp02 {0H) 2~ 0.00000 0., 00000 0.00000 o.00000 0.00000 0.00000 0.G0000 0.00D00 0.0000C 0.0DR00
85{0R)4- NpORC03 - . 00000 0.0D090 0.0000D0 0.00000 Q.00000 0.00000 0.04000 0.00000 0.00000 Q.00000
B{CH}4- NpOZ {C03) 2=- 0.00000 0.00000 0.Q0000 0.00000 {.00000 ¢.0000D 0.00800 0.00000 ¢.00000 0.00000
BIOH)Y4- Np02 [CO3) ==~ 0. 00000 ¢.00000 0. 00900 0Q.00000 Q.ao000 0, 094900 Q.00000 0.00020 0.00000 §.09000
BIOH) 4- H2PO4 - 0.0pe00 0. 00000 0.00000 0.00000 D. 00000 0.00000 0.00000 0.00000 0,30000 0.00000
B(OH)4- HPOd= a.ocd0d 0.Q0000 0.00800 Q.00000 ¢.00000 G.094a0 a.430060 Q.00000 0.00D0D 0. 08000
B(OH)4- PO4=— 0.00000 0.00000 0.00000 0.00000 0.Da000o 0.c0000 0.00000 Q.oo000 0.00000 Q.00000
8303 (OH)4- B405 (OH) 4= {.00000 0.00%00 0.00000 0. 00000 0.004000 d.00000 0.00000 9 .00000 0.00000 0.,00000
B303 (OH) 4- Br- 0.aaooc 0.0C0g0 0.00000 0.00000 a.ocnod 4.00000 0.00000 0.00000 9 .00000C 0.00000
B303 {QH) 4~ Am(CO3}2- 0. 00000 4.00C00 0.Qo0000 0.000Q0 ¢,Q0000 0.00000 0.000480 0.00000 0.0334000 0. 00000
B3C3 I0H) 4- Am(CO3)3=- 0.00000 0.00000 0.00000 0.Q0000 ¢.00000 0. 09000 9 .000080 Q.000Q0 0.00000 0.04000
BI03 (OH) 4~ C104- 0.00000 0.00000 0.00000 £.00000 Q. 00000 a.0006G0 a.426600 o.o0boo 0,00009 0.00000
B30 (OH) 4~ MpO2 (OH) 2- 0.00000 Q.00000 0.00000 0.00000 0.00000 ¢ . Qo000 0.00000 ©.00000 0.00000 0.0000C
B303{0H) 4~ NpO2C03 - 0. 00000 0.00000 0.00000 0.00000 0.00DC0 0. 09000 0 .00000 0.00000 £.90000 Q.00000
B303 (0H) 4- RpO2 (CO3}2=- 0.0G000 0.00000 0.00000 0.00000 0.00000 0.00000 a.00000 0.08000 0.0e000 0.00000
B303 {CHI4- Np02 (C03 ) 3==- 0.00000 0.00000 0.D00a0 0.00000 0.,00000 Q.00000 ¢.0a000 0.00000 0.00000 0.00000
B303/0OH)4- H2PO4- Q.00000 0.{0000 0.00000 . 00000 0.DR000 0.0c000 0.00000 0.0000D0 {.000D0 0.000D0
B303 (OH} 4~ HPO4= a.qa0c00 0. 00000 Q.00C00 0.00000 0.00490 4.000030 0.00000 . 00000 0.000D0O 0.00000
B303 (OH) 4- PO4d=— 0.40000 0.00000 0.00000 0.00000 Q.000040 0.00000 0.00000 0.0000Q 0.00000 ©.900000
B40S (OH) 4= Br- 0.00000 0.00000Q C.o0000 Q.00000 f.000c00 G, {0000 Q0.00000 0.00000 0.4a9%0da 0. 00Q00
B40S5 (OH) 4= Aam{CD3)2- ©.0agoo0 0.00000 0, 00000 0.00000 0.00000 0.00000 .00000 0.00000 0.00000 0.00000
B405{0H} 4= Am(CO3)3=- 0.00000 0.Qa0000 0.030400 Q.000040 0. 00000 0.00040 0.00000 Q.00000C 0.00000 0.00004Q
B4OS (OH) 4= [s3EaT B 0.00000 0.00900 a.oec0g 0.0q000 Q0.00000 4 .Q0004 0.Gpaoo (0 .00000 9.00000 0,000C0

B405 (OH) 4= NpOZ (0K) 2- £.00000  (.00000 0.00000  0.0C000 0.0000¢ G§.40000 @.00000  D.00ODO  §.0ODOD 0. 00000
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B4OS {OH) 4= NpO2C03 - 0.00000  0.,00000 0.00000 0.0Q0G0  0.0Q00C  0.00000  0.00000  O_00DOO ©.00000  0.00000
B405 {OK) 4= NpO2 (CO3 ) 2=- 0.00000  $.00000 ©0.00000  0.00000  ©£.0000C  Q.00000  0.00000 000000 0.00000  0.00000
B4OS5 {OH1 4= Np02(c03)3==-  0.00000 0.000C0 0©.DJ0Q0  @.00000 ©.0000C 0.000Q0  0.00000 0.0G000 ©.00000  0.0000O
B40S {OH] 4= H2POS~ 0.00000  D.40DCD  0.DOGO0  0.00000 0.0000D Q.CODAO  0.00000  O.00000  G.000Q0  0.00000
BADS {0H) 4= HPFO4= 0.00000  0.00000 0.D0Q00  0.00000 0.00000 O_CO0O0O0  0.000C0  0.00D00  0.00000  O.00000
B40S [OH) 4= PO4=- 0.00000  0.00000  0.00000 ©.00000 ©.00000 0.00000  ©.00000  0.0000C  0.000OC  ©.00000
Br- 2m {00312~ 0.00000  0.00000  0.0DOOO £.00DDC  0.00D00  Q.00DGO0  .00000  0.00000  0.000O0  0.0ODOOD
Br- Am(CO3) 3=~ 0.00000 0.00000  0.00000  0.000DC  0.00D00  O.000C0  D.BOOOC  0.00000  0.00DOD  O_00DDO
Br- 104~ 0.00000 0.G0QO0  9.00ROO0  ©.0ADDE  0_GOO00  0.0DDRO0  D.UOOOD  §.00000 0.00000  0.000D0
Br- NpO2 {0H) 2- 0.00000 o0.pOOOC  0.0DDCO  ©.0000C  0.00000 0.00000  (.00000 0.00OCC  0.00000  0.Q0DDO
Br- NpO2C03- 0.00000  0.DGOOC  0.CODOO  O.00000  0.00000  0.00C00  0.04000  0.000LC  0.00CO0  Q.0C0OQ
Br- NpOZ (CO3)2=— 0.00000  ©0.00000 0.00000 ©0,00008 0.04000 Q.00600 0.0000C Q.0000C  0.DCCOO0  Q.00000
Br- NpOZ2 (CO3)3==-  {.00000 0,00000 Q.0C000 p.0aocd  0.08000 Q.00C0O0  ©.0000C  0.0000C  0.00CRG  0,0D0O00
Br- HZPO4- 0.00000 ©0.00000 0.00GDO  0.00000 0.00000 ©0.000C0  ©0.00000 0.0000C 0.00000  0.000D0
Br«~ HPO4= 0.00000 0.COGOO  ©.0CCDO  0.00000 0.00Q00  0,00000 ©.00000 @§.0000C 0.00000  0.00004
Br- PO4=— £.00000  0.00000 ©.0000C 0.00000 0.00000 ©.0000C ©.00C00  0,0Q000 0.00000  O.0000¢
AmM(CO3) 2~ Am{C03)3=- 0.00000  9.00000 0.00000 G.0OCOO0  0.00000 D.00OGC  0.0CCOO  0.00000 0.00000  O.000DD
Am{CG3)2- €104~ 0.00000 0.00000 ©.00000 0.0C000 0.00DQC  ©.00000 0.00000 ©.00000 0.00000 0.00000
am{Ccod) 2~ NpO2 [OH} 2- 0.00000  0.00000 0.00000 0.000O0 0.000DGC 0.00000 Q.0DQOO  0.00000  (.Q0000  ©.000DO
AmM{CO3) 2~ NpO2C03- 0.00000  0.000G0  0.0000C 0.0D0O0  ©.000CC  0.00000 0.0DC00  (.00000  D.00000  Q.0Q000
AmM{CO3) 2~ NpO2 (CO3} 2=~ C. 00000 0.00099 0.00000 0.00000 4.00000 0.00000 0.000400 0. 00000 o.00000 0.00000¢
Am{Co3}2- KpO2 (CO3)3==-  0.00000 0.000D0 ©£.0000C O.0000C Q.00000  0.00000 0.00000 ©0.00000 0.00000 ©.0000C
Am(CO3} 2~ H2PO4- 0.00000  ©0.000D0  ©.00000 0.00000 0.00C80 ©.00000 0.00030 ©.00000 0.00000  D.0000C
Am(CO3) 2~ HPO4= 0.00000  0.000C0 ©.00000 0.00000  0.00000 ©.00000  Q.00000  ©0.00000  ©.00000  0.00000
Am(CO3) 2~ POd=- 0.00000 0.00000  ©0.20000 0.00000 D0.00000 ©0.00000 ©,00000 0.00000 ©£.00000  0.0Q000
AR(CO3) 3= Cclo4- 0.00000  ©0.00000 0.00000 0.000G0 ©.00000 O.00000 ¢.00000 0.000G0  0.00000  ©.00000
Am(C03) 3=- NpO2 (OH) 2- 0.00000  ©.00000  0.0DCOO  D.OOODO  0.00000 O.00DGO  G.CO000  0.000C0  0.00CQO0  0.00000
Am(C03) 3=- NpO2CO3- 0.00000 0.DOYOD  0.00BCO  ©.00000 ©0.00000 Q.000C0  (,00000 0.00OQC  0.0000O  0.0ODGO
Bm{CO3) 3=~ NpO2 {CO3) 2=- 0.0000C 0.DGOO0  §.00000  0.0000C 0.p0000  0.00000 ©£.0OOOD  0.00DQC  0.00DDC  0.0DDGO
Am{CO3) 3=~ NpG2 (CO3)3==-  0.Q000C  0.00000  0.00000  ©.Q0000  0_0COO0D  0.00000  0.00000C  0.00000  0.0000C  0.00000
BAm(CO3 ) Ix- H2PO4- 0.00000  0.00000 4.0GCO00  0.40000 O.00000 @.0CCO0  G.0000G  0.00000  Q.00000  G.0GGEDO
- Am{C03)3=- HPO4= 0.000C0 0.c0000 a.0cend 0.4800c0 0.04000 0.00C00 0.00000 a.000c0 0.00000 0.0C000
Am{CO3)3=— PO4=— 0.00000 ©0.00300 0.000DO  ©.00000 0.00000 0.0CCD0  C.0000C  0.00000C  Q.00000  0.00000
104~ NpO2 {0H) 2- 0.00000  0.00D00  0.00000 ©0.0000D 0.00Q00  Q_00000  ©.0000C  0.0000C  Q.00000  (.000CO
C104- NpO2RC03 - 0.0000C  0.00000 0.00000 ©.0000C 0.00000 Q.00000 ©.00000C 0.00000 O.0000C  ©.DOOOC
C1o4- MpOZ (0031 3=- 0.00000  6.00000 §.06600  G.Q0000  (G.000Q00  0.G0000  0.00000  D.O0OOC  0.Q000R  ©.DODDD
Cl04- Npo2 (C0313==-  0.00000 0.000G0  D.00000 0.00000 0.00000  ©,00000 0.00200 0,00000 D.00000  0.00000
€104~ H2PO4- 0.DCOO0  ¢.Q000C  0.00000 0.00000 ©.000DGC  ©.00000 ©0.00G00 0.00000 0.00000  0.00000
clo4- HPO4= 0.00000  ©.00000 0.00000 0.00000 ¢.00000 £.000O0  0Q.00000 ©0.00000 0.00000 0.CG0000
clod- POd=~ 0.00000 ©£.0000C ©0.00000 0.00000  0.Q00DE  D.00000  0.000Q0  ©0.00000 0.00000  0.00000
NpO2 (OH} 2~ NpO2C03- 0.00000  ©.00DCC  ©.0OO00  0,00000  £.000DD  D,(0000  0.00DDD  0.0D0DD  0.000Q0 0. O0OOO
NpO2 (CH) 2- NpOZ (CO3} 2=~ 0.00000  0.000GO  0.00000 Q.00040 ©.000GC  ©.0Q000 0.00080 ©0.00000 ©.00000  0.00000
NpO2 (CH) 2- NpO2(C03}3==- 0.00000 ©¢.00000 0.008000 0.00000 C.0000C 0©.00000 0.00000 0.00000 0.00000  0.00000
NpO2 (CH) 2- H2POd - 0.0C000  ©0.0000C  0.00000  (,00000 ©.40000  0.00000 0,00008 0.C0000  0.00000  0.00000
NpO2 (OH) 2~ HPO4= 0.00000  ©.00000 0.00000 ©0.00000 ©.00000 0.00000 Q.00000  Q.0BOOD  O.CCOOO  0.0CDRO
NpO2 [OH}2- POd=— 0.0000D 0_00000  D.0DDDD D, opDDY) 0.00000  0.0DDOO J.00000 a.00000 a.co000 0.00000
NpO2CO3- NpO2 (C03) 2=~ ©.00000  0.0G000  0.00000 0. GDOOO  0_DGODOQ  0.000CD  £.00000  0.00000  0.00000 000000
NpO2C03- MpO2 (C03)3==-  (.0000C  0.00000 0.00000 ©0.00000 O.00000 Q.000G0 ©.00000  0.00000  0.0ODDC  0.00QDO
NpO2C03 - H2FPQ4- ©.00000  ©Q.00000 0.00000 0.00000 0.DBOOO  Q.00000 D.GOOOC  0.00000  0.00000  0.00000
NpO20a3- HPO4= ©0.00000  Q.00P00  ©.00000 ©.DOOOD  Q.00000 0.00000 O.0COO0 ©.Q0000  0.00000  4.00000
NpC2C03- POd= - D.GD000  0,00004  D,00000 ©.0OQO0  0.00G00  0.00000 0.00000 ©0.0Q000  €.00000  Q.00000
NpOZ(CO3)2=- NpO2|Co3)13==-  0.00000 0.00000  0.00000 ©.00000  O.00OGO0  0,00000  ©.00000  0,00000 {.0000C  ¢.00OCD
NpOZ(CO3)2=-  H2F04- 0.00000  @.00000 0.00000 ©0.C0000 0.00000 0.00000 ©.00000 0.00000 0.00000 D.00ODC
NpO2{CO3)2=-  HPO4= 0.00000  0.00000  .0000C 0.D0O0OO0  ©.0C000 0.0000DC  O.0G000  ©0.00000  0.00000  ©.O00O0
PO~ 0.00000 ©.00000 ©.00000 0.00000 0.00000  ©.00000  0.00000  ©0.00000 (£,00000 ©0.00000
H2PO4 - 0.¢DO00  0.000060  0.00000 0.00000 0.0000C ©0.DQ000 0.0000 O.CORAQ  ©.0D000  0.00000
HPO4= 0.00000  0.00000  0.00000 0.00000  G.G0000  0.DRQOO  ©.00000  Q.0GDGO  0.000G0  0.0D0R0D
NpO2 (C03) 3==-  POd=- 0.00000  0.00000  0.000O00  ©.00000 0.DOOOD  0.00000  ©.00000  0.0000C  0.00DDO0  O.00000
HZPO4- HFO4= 0.0000C 0.00000 0.00000 ©.00000 0.DOOOO  0.000CD  ©.00000  0.00000 0.0000C  0.00000
PO4=- 0.000DE  0.DOOO0  O.Q0000  ©.00000  0.00000  0.000D0  0.GO0QC  0.00DD0  0.00000  O.000DC
PO4=- £¢.00000 ©0.00000 0.000D0 0.0000D  0.NQPGO0  ©.00000 0.000OC  ©.00000  0.00000  O.0000¢
Th++4 U024+ NpO2+

S04= 0.00000  0.00000  0.00000

HSO4- 0.00000  0.00000  0.0CDG0

OH- £.00000  0.000O0  Q.00000

HCO3- 0.0000C  0.00000  C.0000C

0= 0.00000  0.00000  0.0000D

B{OH) 4~ 0.00000 ©£.00000  0.00000

8303 (OH) 4- 0.0D000  ©.00000  0.00000

B405 (QH) 4= 0.00000  0.00000  0.0C000

Br- 0.00000  ©.00000  0.00000

Em{co3l2- 0.00000 ©0.08000C 0.00000

Am|CD3} 3=- 0.00000  0.08400  0.00DOO

Cl04- 0.0000D  Q.00000  0.00DO0

NpOZ [DH) 2- 0.40000  0.00000  0.00000

RpO2C03- 0.40900  0.00000  §.00000

RpO2 (CO3 ) 2=~ 0.00000  §,00000  0,0000D

MpO2(CO3)3==-  0.00000 £.00000  O.30D00

H2PD4- 0.00000  0.00000  0.00000

HPO4= 0.00000  0.00000  0.00000

POd=- U.00000  0.00900  0.004000

HS04- 0.00000 004000  0.00000

OH- 0.00000  0.00000  0,00000

HCO3~ 0.00000 0.00000  0.00000

C03= 0.00000  0.00000  D.00000

BIOH} 4~ 0.00000  Q.00800 D, 0ODDD

B303 (OH) d- 0.00000 ©.00000  0.G0000

B405 (OH) 4= 0.00000  Dp.0000C  0.00000

Br- 0.00000  0.00000  0.00000
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s04=
s04=
504=
504=
S04=
S04=
504=
804=
504=
504=
HS04~
HS04~
HS04~
H504-~
HEO4~
HS04~
H504~
HEO4~
HSO4-~
HS04~

cod=
co3=
co3=
co3=

co3=

co3=

Co3=

co3=

cod=
B(OH} d-
B(OH) 4~
B(OH) 4-
BUOH) 4-
BIOH) 4~
B(OH) 4-
B{OH) 4-
B{OK) 4-
B{OH)4-
B{OH) 4-
B{OH) 4
B{OH) 4~
B{OH) 4~
B303 (OH) 4-
B303 (OH) 4~
B303 (OH) 4-
B303 (OH) 4-
B303 (OH) 4-

A (Ca3)12-
Am{C03)3=-
Clo4-

NpO2 (OH) 2-
NpQ2C03-
NpO2 {CO3) 2=-
HpO2{C03) 3==-
H2P04 -
HPO4=

PO4=-

OH-

HCC3 -

COo3=
B{OH)4-

B303 (OH) 4~
B405 (OH) 4=
Br-
Am{CO3)2-
Am(CO3)3=—
clo4-

HpO2 (OH) 2-
NpO2C03-
MpO2 (CO3}2=-
NpO2 (C03)3==-
H2F04-
HPOd=

PO4=-

HCO3-

col=

B{OH}4-
B3C3{QH) 4-
B40S (OH) 4=
Br-
Am{CO3)2-

A (CQ3) 3=~
Ccl04-

NpGC2 (OH) 2-
Bp02003-
NpO2 (CO3 ) 2=-
Npo2 (C03)3==-
H2PO4-

HPO4=

POA=-

co3=

B{OH14-

B303 (OH) 4-
B405 {OH) 4=
Br-

A {CQ3)2-
Am{C03) 3=~
clod-

NpO2 {OH) 2-
NpO2C03-
NpQZ {CO3)2=-
NpO2{C03) 3==-
H2PC4 -
HPO4A=

PO4=-
B(CH})4-
B303{0H) 4-
B40S {0H) 4=
Br-
Am{CQ312-

am (o) 3=-
clo4-

Np02 {OH1 2-
NpO2C0o3-
Np0Z{C03}2=-
NpO2{C03) I==-
H2PC4-
HPOS=

POd=-

B303 (CH) 4-
BAOS5 (CH} 4=
By-
Am{CO3)2-
AmM({CO3) 3=—
clod-

NpQ2 (0K) 2~
NpQ2C03 «
NpC2{CO3) 2=~
RpO2 (CQ3) 3==-
H2PG4 -
HPO4=

PO4=—

B4DS (OH) 4=
Br-

A {00312~
Am{C03) 3=-
Clo4-

0.00000
0.00000
0.000¢0
0.00D00
(.oonco
0.000C0
0.000¢0
0.000¢0
0.00000
0.00000
0.00000
0.00000
0.00000
0.00D00
0.00000
0.00090
Q.00000
a.00300
0.00000
0.00000
a.00000
d.c0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00¢00
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00009
0.000CD
0.00000
0. 00400
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
Q.00000
0.00000
0.00000
Q.00000
7.00000
0.000C0
0.00000
0.000Ca
a.oo0D0o
C.000G0
G.00000
G.oo000
0.00000
0.00000C
0.00000
. 00000
¢.0o000C
0.00000
9.000040
0.00000
0.00000
0.000C0
0.a0000
¢. 00000
¢.00000
0.gaoo0
0.00000
0.00000
0. 00000
0.D0000
0.00000
9.00000
0.00C00
0.000600
0.,00000
0.000C0
0.00000
Q.,000C0
0.00D0C
0.00000
. 00000
0.00000
0.00000
4.00000
0.00000

0.00000
0.04000
0.00000
0.00000
0.050900
0.p0000
0. 00000
0.00000
0.00000
0.¢0000
0.¢0000
0.00000
0. 60000
0. 00000
C.a0o000
¢. 00000
¢.goooe
0.g0000
6. 00000
0. 00000
0.0000D
0.4a00c0
0.000C0
0.00000
D.Qo0c0
0.00000
0. 00000
0.G0000
©.¢0000
0. 00000
0. 0000
0. o0000D
0.60000
0.00000
0.060000
0. G000
0.a0000D
0. 00000
0.00000
€.00000
0. 00000
0.00000
G .Q0o00
0.40000
G. 00000
0.00000
0.00000
G. 00000
¢. 00000
¢.onooe
0.00000
0.00000
0. 00000
0. 0D0000
0. 00000
0.00000
0.0Go00
0.00000
0.00000
0.0G000
0.De0do
0.0G000
0.00000
0.0{4a00
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a.aoonbo
{.00000
4.00000
0.00000
0.00000
&, 00000
0. 00000
0. 00000
0.00000
0. 00000
0.¢0000
0.00000
0.00000
0.0C000
0.00000
Q0.00090
0.00000
0.00000
0.G0000
0.00000

0.00000
0.00000
0.00000
9.00000
9.00000
0.00000
0.00000
9.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.048a00
0.00000
0.00000
0.000a00
0.00000
0.00000
0. 04000
0.00000
2.00000
0.00000
0.0p0000
0. 00000
0.00000
0.04000
0.00000
0.00000
0.0D4000
0.000400
0.00000
0.00000
0.00000
0.0D0J0
0.000900
0.00000
0.poaoo
0.00000
0.00000
0.00000
0.08a00
0.00000
0. 00000
0. 00000
0.00000
0.00000
0.00000
0.chaoo
0.00000
4.00400
9.00000
d.o0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.o00G0
0.00000
Q.00000
J.occdo
4.00000
Q.00008
0, 00000
0.o0o008
0.00000
0.000CD
0.aoocD
0.00000
C.ga000
¢.00000
0. 0aQoo
0.00000
0. 00000
0.00000
0.00000
0.00000
9.00000
4.00000
0.00000
0.00000
0.00080
0.000C0
Q4.00000
0.00000
0.00000
¢.00000
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B103 (OH) 4-
B3Q3 (QH) 4-
B3C3(OH) 4~
B2C3{0H)4-
B303{OK) 4-
B303 (OH14-
B33 {DH}4-
BAOS {OH} 4=
B4OS{0H} 4=
BAOS (CHI 4=
B405 [OH} 4=
B4O5 (CH) 4=
B405 [OH) 4=
B40S (OH) 4=
B4O5 (OHj 4=
B405 (OH) 4=
B4Q5 (OH) 4=
B4O5 (0H) 4=

Br-

B~

Br-
Am{CO3)2-
Am{C03) 2~
Am(CO3)2-
AM{CO3)2-
Rm{CO03)2-
Am{C03)2-
Am{CD3}2-
Am|CO3)2-
Bm(CO3)2-
Am(CO3)3=-
231 Am(CO3}3=-
50 Am(CO3)3=-

[Hle 33

hm{CO3) 3=~
C104-

104~

Clo4-

Cclo4-

clod-

c104-

Clod-

NpO2 {OH) 2-
HpO2 | GH) 2-
KpO2 [OH) 2~
HpO2 (OH} 2-
WpO2 (CH) 2-
NpO2 (OH) 2~
NpQ2CO3 -
HpO2C03-
Np02CQ3 -
Np02C03 -
NpO2C0i-
NpO2 {003} 2=-
HpO2 [C03 ) 2=-
NpO2 (CO3) 2=~
NpQ2 (003} 2=-

Ca++

Mep+ 4+
MgOH+

B+

MgB (OH) 4+
CaB (CH) 4+
Alee++
AmCO3+
Th++++
TO2Z++
NpOZ+

NpO2 (QO3)3m=-

MpOZ2 (0B 2-
NpO2C03-

HpG2 {003 ) 2=-
NpO2 (€03 | 3==-
H2PO4-

HPO&=

POd=-

Br-
Am{CO3)2-
AM{CO3) 3=-
£104-

NpQZz (OH) 2-
MpO2c03-
KpO2 {C03) 2=-
NpOZ (€03} 3==-
HZPO4-

HPQ4=

PO4=-
Am{co3)2-
Am(ro3)3=-
clo4-

NpO2 (OH) 2-
Hpo2C03-
WpQ2 (CO3) 2~
NpQ2 (003 ) 3==-
H2POd -

HPO4=

PO4=-
Bm{c03)3=-
Cl04-

HpO2 [OH) 2-
Np02C03-

NpO2 {C03) 2=-
MpO2{CC3 1 3==-
H2PO4-

HFO4=

PO4=-

clog-

NpQ2 (OH} 2~
NpO2C03-
N0Z (003 ) 2=-
NpG2 {03 ) 3==-
H2PO4-~

HPO4=

PO4q=—
NpC2{CH} 2-
Mph2C03-

MpO2 {003} 2=-
HpO2 (003 3===
H2PO4-

HPO4=

PO4=-
Npl2C03-

NpOZ (CO3) 2=-
NpO2 {003 ) 3==-
HZF04-

HPDA=

POA=—

NDG2 {C03) 2=-
MpO2 {€03) 3==-
HZPO4-

HPO4=

POL=-

WpOZ (CO3) 3==-
HZPO4-

HPO4=

POg=-

HZPO4-

Neutral-Cation Binary Interactions:

Co2{ag)
a.1o0c0
J.Q05100
0.13200
.18300
0.00000
0.00000
0.00060
0.00000
0.00000
d.00000
0.00000
0.00000
4.00000

0.00000 0.00300
0.00000 0.00400
0.00000 0.00000
D.0a9000 0.00060
©.00000 0.00000Q
©. 00000 a.0c000
©.00000 a.000600
0.Daooo 0.00000
0.004000  {.00000
Q.006G60  6.00000
0.00000 0.00000
4.00000  p.0Q0CD
0.00000 0. G0000
Q.00000 0.cpoo0
a.06680 o, eapoe
9.00000 0.0aaoo
4.00004Q 0.0a00c
f.00000 0.04000
0.00C00 0.00000
0, 00000 0.00000
0.09000 0.00000
0. 0000 Q.000C0
0, 00000 0.90000
0.048000 ©.o0000C
a.0G¢000 .00000
0.09000 0.00000
0.000a00 0.000C0
0.00000 0.4d0000
a.0c000 ©. 90000
q.00000 0.20000
{.00000 0.0¢000
0.00008 0.08000
0. 00000 0.00000
0,00000 0.00600
0.00000 0.00000
0.Q0000 0.00090
0.00000 d.oc0Qa
0.00000 a.o000a0
0.040000 4.00000
0.00000 4.00000
&.0006G o.6a000
0.00000 0.Q0000
0.00000 0.60000
0.00000 0.DOo0oo
0.90000 0.0¢000
0. ooD0D 0. 0pp0o
0.00000 0.00a00
0.0Q000 0.00400
¢.aoo00 0.00000
0. 00000 0.00030
0.00000 ad.000430
0.00000  ©.00000
0.00000 . 00000
0.00000 0.00000
0.00000 D. 000
Q,00000 o._00000
d.0c000 0. 00000
0.00000 0.D030a0
0.00000 0.c0000
©.00000 0.00000
0.00000  0.0CDO0
0. 00000 Q.00000
0.00000 ¢.00000
0.00090 0.0d000
0.00000  D.00000
0.00DCO  0.00000
J.00040 0.0aa00
4.00000  0.0D000
0,000c0 0.00000
0.00000 Q.00000
G. 00000 aJ.00000
£.00000 4. 000090
0.00000 0. 00000
lanbda (n, )
CaCD3{ag! MaCO3(ag)
¢.00000 4.00004
0.¢0a00 0.00009
Q.ocood 0.490cn
0.00000 0.00000
q.0000%0 0. 00000
¢.o00000 0.00000
0. G0000 0.00800
0.020000 0.00000
0.00000 0.00000
0.00000 0.0000G
0.00000 0.00000
0.00000 0,09Q000
0.06000 ©.0a000

£.00000
0.00000
0. 00000
0. 00000
0. 00000
0.000co
0. 40000
0. 00000
0.00000
3. 0G0
0.D300
0.0¢000
Q0.00000
0.00000
a.008a0
0.00000
0.00000
0.00000
Q.00040
. 00000
¢.00000
0.oooog
0.0Q000
0, 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a,00000
0.000C0
0.00000
0.00000
¢.00000
0.00004Q
0.Q0009
0.00000
0.q00C0
0.40000
6. 00060
0.00000
0.0BHKIO
0.00000
0.00000
0.00pDa
0.00D00
0.00000
0.00C00
0.00000
0.00000
.00000
0.0p0000
0.00000
0.00000
0.00000
0.00000
0.00000
J.00000
g.Qocod
0.00000
0. 00000
0. 00000
0.D0000
0.0¢000
0.00000
a.000a0
0.00000
4.00000
0.00004
0.000C0
&.00000
0.004000

B(OH}3 (ag) MpO20H{ag) HIPO4{ag)

~0.097060
-0.14000
¢.00000
0.00000
0.060000
0. 00000
0.000C0
0.00000
0. 0a0040
0.00000
0.00060
0. 40000
0.00000

.Qo000
40000
. 00000
.00000
.00g90
00000
.00000
. Q0000
00000
¢0000
gagao
0.00000
0.00000

ODooOoOoODaOOOoODD

0.00000
-0.067900

0.00000

0.00009
0.00000
0,29000
0.00000
0.¢0000
0.00000
0.00009
0.009490
Q.00000
0.00000
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Appendix J: OUTPUT File Listing of HMW_NP_AM.CHEMDAT

B(OH) 4+
B303 (CHY4-
B40O5 (OH) 4=
Br-

Am{C03)12-
Am{CO3)3=-
Clo4d-

NpG2 (0H) 2-
NpD2CO03 -

NpOZ {C03) 2=-
MpO2 (C03) 3==-
H2PO4-

HPC4=

PO4=—-

Weutral- Anion Binary Interactions:

©o2 (agi
-0.00500
0.09700
=-¢. 00300
0.09000
4.0aa00
0.0Q0000
0.09000
©.430000
G. 90000
0. 00000
0.000C0
0.00000
0.00000
0.00000
0.000D0
0.oceed
0.0000C0
a.000C0
0.00000
9.00000

Cli-

&04=

HS04-

Q-

HCO3-

CO3=

B(OH)4-

B303 [OH) 4~
B405 (0H) 4=
Br-
Am(CO2)2-
Am{CO3)3=~
cloa-

WpO2 (OH) 2-
NpO2C03 -
NpD2 {003 ) 2=~
NpO2 (C03) 3==-
H2FO4-
HPO4=

POg=-

cl-

S504=

HEQ4-

OH-

HCQ3 -

Co3=

BIOHI4-
B1Q3(OH) 4~
B40S (OH) 4=
Br-
Bm{CO3 2~
Am{CQ3}13==
cloa-

NpO2 [DH) 2-
Npl2C03-
Npd2 (CO3 }2=-
MpOZ (CO3 ) 3==-
H2PO4-
HPO4=

PO4=-

l-

£04=

HS04-

oB-

HCO3-

Co3=

B{OH) 4~
B3G3{0H) 4-
B40S {OH| 4=
Br-
Am[C03)2-
Am(CO3 )=~
Closg-

NpO2 (CH} 2-
NpO2C03-
HpO2 (CO3)2=-
NpQ2 (CO3) 3==-
H2PO4 -
HPO4=

FO4=-

lambda (n, al
CaC03ragf MgCoI(ag)
Q.000090 0. 00000
0.00DH 0. 00000
9.00000 0. 00000
4.000¢0 0. 00000
q.40630 o.aaqon
0.Q0000 ¢. 00000
Qd.00c0d o.{0000
¢.00004 0. 03000
0.40000 0.03000
2. 00000 0. 00000
0.60000 0.00099
0, 20000 Q.00800
0.00000 {.00009
0. 00000 0.00000
0.08000 0.00000
0.00000 a.,00000
0. coaao 0.00000
0.00000 0.00c00
0.00000 0.00000
0.00000 0.000C0

Neutral-Cation-Anion Termary Interactions:

co2{aq)
Q. 0008040
2.00000
0.00000
D.000C0
©.00000
0.80600
£.00000
0.00000
0.D0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.08000
0.00000
0.00000
qa.coaag
0.00000
6.00000
©.0000C
. a0000
0.00000
0.00000
.,00000
0. 030000
0.008000
0.00000
a.0000G
0.00000
0.00000
¢.00000
0.00000
©. 00000
©0.00000
0.00000
0.00000
0.0Daao
0.00000
0.00000
£.a0000
0. 00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000
£.00000
0. 00000

B(OH} I (aq) NpOZOH{agy) HIPO4 (agj

0.09100
0.01800
0.00000
C.g¢0000
¢. 00000
0. 00000
0. 09000
-0.23000
0.00000
0. 00090
0.00000
0.00000
0.00000
0.00080
C.Q0000
0.00000
0.00000
2.00C00
0,00000
0.9000C0

zetain,c.a)

0.60000
0.00000
0.00000
0.00000
0.60000
0.00000
Q.co000
0.00000
Q.00400
0.00000
0.00000
0.00000
. 00000
0.00000C
©.goo0d
0.00000
£.goceo
©.ao000
G.00000
0. oooo

0.00600
0.00000
0.00000
0.000090
a.0p000
.coodo
.00090
-00040
.00000
.pocoa
.0oo0k
.QQ000
Q0000
. 00000
.00goon
agoos
00000
. 40000
00000
. 00000

COoOCDOoOoOOonRaOoODoO0C

CaC0z{aq) MgCO3(ag} B(OH)] (ag NpO20H{aq

0.0a000
0.00000
0.00000
0.00000
0.00000
G.00000
0,000D0
Q.qo0coo
¢.00000
0.00000
. 20000
0.Q0000
0.00000
0. 00000
¢. 00000
0. 50000
0.00000
0.06000
0.00000
g.o00co
0.00000
0.00000
0.00000
¢.Q0000
0.Q0000
0.aoo0C
0. 30000
0.00000
0.DG000
0.00000
0.00000
0.00000
Q.oocona
0.000090
0.00000
0. Q0000
0.6aGG0
0. 00000
0.0¢000
0.00000
0.00600
0.00000
qa.0c004
0.o00C0
0.00000
0.g0000
¢. 00000
0.00090
0.00000
0.00000
0.00000
0.00000
a.ooceon
0.00000
0.00000
©.a0000
0.00000
0.0¢000
0.00000
0.00000

0.00090
Q0.00000
0.00000
4.00000
0.00000
@.60a00
0.00000
0.00000
0.060Q000
0.¢0000
. 00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.0000D0
0.00000
0.0Q000
¢. 00000
0.00000
0.0G000
0.D00G0
0.00000
0.00000
0.Q0000
a.00000
4.00000
0,00000
¢.00q0c
©.00000
0.03366
0.00000
0.000G0
0.00000
Q,00000
0.900DD
0.00000
0.0000C
0.00000
0. 00000
0.00000
0.00080
0.00000
0.00000
0. 00000
0.00000
0.90000
0.00000
0.00000
0.00090
Q.000480
0.00000
¢.00000
£.00000

0.00000
D.04600
0.00000
0. paooc
©.00000
G. 00000
0.06000
0.000900
d.00000
0.00000
0.00000
0.00000
0.00090
Q.0c0a0
0.00080
{. 00000
€. 00000
o . 0oo0o
0.00000
0. 00000
G, Dpagoo
C. 00000
0.000a00
0.00000
0.00000
].00000
¢.ooo0d
0. 00000
0.G000D
0. 40000
0.00000
0. 00000
0.00000
0.00000
0.004000
0.00000
@, gaaas
0.0000¢
G. 00000
0. ¢o000n
¢.00000
0. 00900
0. 00000
0.00000
0.00000
0.0coa0
a.00000
¢. 00000
0.Cgooo
0.0D0000
0.006000
0.00040
Q.00000
0.00000
Q.00000
{.00C00
0.00000
0. 00000
0. ¢0000
0.00000

¢. 00000
¢. 00000
0.00000
0.00000
0.00900
& .o00aa
0.00000
0.000¢0
0.00000
0.4oond
0.00000
a.00000
{.00060
{,00000
D.Q0000
D. 00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.000400
0.00000
0.Q0C00
.00000
0.90Q000
0.00000
0_D0000
0.00000
0.00000
0.00000
0.00040
0.00000
0.00000
7.00000
4.00000
0. 03600
0.060000
0.00000
0.000090
0.00000
0.0DDED
0.00000
q.9060%
1.00000
0, Q0000
0.00000
0.00000
0.00000
0.00000
9.000C0
0.00000
0.00000
o.000c0
0.00000
0. 89000
©. 00000
0.00C00
0.00000
Q.00DC0

HIPOA [aq)
0.004q49
0.0c040
a.00000
0.00c00
4.00000
&. 06000
0. 0000¢
0.00000
0. 00000
0.00000
0. 00000
G.00000
C. 00000
0.90000
0.00000
0.04000
.00000
0.00000
0.00600
0.00000
a,ao00c0
0.00000
0.00000
¢.00000
0.0000C
0.00000
0.00000
0.00009
a.000{&0
¢.00000
¢.00000
0.000G9
0.000C0
0.00000
©.00000
0.04000
£.00000
0.00000
0.00000
Q,000C0
{¢.a000¢
0. 00000
0.000CD
¢.00000
G.0000¢
0.00000
0.060900
0.00000
0.000C0
©.0000¢
0.0g000
0.30000
0.0000C
0.00000
Q.0Daao
Q.00000
0.00000
a.9q9000
{.00000
0.00000
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Appendix }: QUTPUT File Listing of HMW_NP_AM.CHEMDAT ;

c1- 0.00000  0.00000 0.00000 ©.00000  O.00000  ©.0000Q
504= 0.0C000  ©0.00000 0.00000 D.00000 O0.00000  0.00CDQ
HS04- 0.00000  0,00000 0.00000 0.00000 G.oDROO  0.00COQ
OH- 0.00000  ©.00000 Q.0C0JQ  £.0900RC  O.00Q00  0.00C00
HCO3 - 0.0C000 ©0.00000 0.0DCBO  0.00000 0.C0000  0.00000
co3= 0.0C000 ©.DO0OD  0.000B0  D.Q00CD ©.00000  0.00C0Q
B{OH) 4~ Q.00080  0.00000 0.00CDC  0.00000  0.C0000  0.000DQ
B303 (OH) 4~ 0.00C00  0.00000 0.00CDO  0.000C0 C.00000  0.00CDQ
B405 (OH) 4= 0.00000 0.DODOO  O.0CGHO  0.Q0000  C.00000  4.0060D
Br- £.00000 0.0C000 0.00000 0. 09000 0.00000 0.90000
Am{C0O312- 0.00000 0.00000 0.0000¢ 0,00000 0.00000  ©.00000
Aam{CO3)3=- 0.00000  0.00000  Q.00ORE  0.00000  0,00000  [.000OG
clod- 0.00000  0.0C000 0.000CC  ©.000O00  0.0DD00  G.D00CG
HpO2{0R) 2- 0.00000  0.00000 0.00000  0.00000  O.00ROO  0.00000
NpO2CQ3 - 0.00000 0.00000 0.000D0  0.00000  ©,00000  0.00000
WpO2{C01) 2=~ D.0000C Q00000 0.Q0D0C  0,00000  Q.0000O0  0.0000C
NpG2{C03)3==-  2.0000C  Q.000G0  £.00000  0.00000C  O.0C000  D,D00DD
H2PO4- £.00000 ©0.C0000 0.00000 0.00000  0.00000  0.00000
HFO4= 0.00000 0.C0000  0.000CO  C.0D000C  0.00000  0.00000
PO4=- £.00000  0.00000  0.000CC  0.0000C  0.00000  0.00000
cl- £.0000C  0.00000  0.00000  0.00000 0.000D0  G.00000
S0d= 0.00000  0.00000  0.00000 ©.0DDOOC  0.0CGOO  ©£.0000D
HSO4- 0.0Q000  0.0C000  0.00000 ©.COOO0  0.00000  ©.000C0
OH- ©.00000  0.00000 ©.000C0 0.C0000  0.00CDO  0.00000
HOO3- 0.0000C  0.00000 0.00000 0.00000  G.0000¢  O.0090G
co3= 0.00000  0,00000 0.00000 0.00G00  C€.00OOG  O.00000
B{OH)4- 0.00000 0,00000  G.CO000  0.00000  C.0000D  0.00000
B103 (OH)4- 0.00000  ¢.00000 ©0.00000  0.00DD0  0.0000C  0.00000
BAQS (OH) 4= 0.00000 ©,00000 ©0.00000 0.00D00  ©.00000 O.0C000
Br- 0.00000 0. 00000 0.00000 0.Q00060 0, 00000 0.00000
Am{C03)2- 0.00800  0.00000 0.0G600  0.000CD  C.poooC  0.00000
AmM{C03) 3= 0.00000 0.00000 0.00600 0.900000 0. 00000 9.00000
cl04- 0.00000  ©0.Q0000C  0.08000 0.00000  0.00000  0.00A00
WpO2 (OH) 2- 0.00000  0.00000  0.04000  0.00000 0.00000  0.00000
NpO2C03- 0.00000  0,00000 Q.00000  0.00000  ©.0D0OOC  0.00000
HpO2 (CO3) 2=- 0.00000 0©0,00000 0.00000 ©0.00000 ©.D000C  0.0CO00
NpQ2 (CO3)3==-  0.00000  ©.00000  0.C0000  0.00000 0.00000  0.00000
H2P04- 40.00000  0.00000  Q.00000  0,00000  C.00000  0.0C000
HPO4= 0.00000  0.00000 0.066D0  0.000OCD  C.00000  0.00000
PO4=- 0.00000 ©.00000 0.00CO0  ©.00000 0.00Q00  0.00000
C¢l1- 0.00000 0.00000 €.000DC -0.01020  0.00800  G.0000C
504= 0.00000  0.00000 G.00DOC  0.POOO0  O.00000  0.00000
HS04- 0.00000  0,00000 0.00000 0.00000 0.00000  ©.0000D
QH- 0.00000 0.0000Q  0.000D0  0.00QO0  0,00000  0.0000Q
HCO3- 0.00000 0.00000 0.00000 0.00000 0.00D00 0. 00000
C03= 0.00000  0.000B0  0.000DC  0.00000  Q.000G0  0,0Q000
B(DH}4- 0.00000  0.00000  0.00000 0.0Q0000  0.00000  D.0Q00D
BID3{OH} - 0.00000  D.00GBS  5.00000  D.OCOOD  D,0Q00DO D.0DDODD
B4OS5 [0H) 4= ©.00000  @.0000Q  0.000DD  O.CGO000  0.00CDQ  0.00000
Br- 0.00000  0.00C00  G.0000C 0.00000 O.Q000DDO  0,00000
Am(CO3)2- 0.00000  0.,0000Q0 0.00000 ©.00000  0.00000  0,00000
Am(CO3)3=— 0.00000 ©0.000C0 0.0000C 0.00000 0,00000  0.00000
€104~ 0.03000  p.0OCCO  C©.0000C  0.00000  O.0000G  ©.00000
NpO2 (OH) 2~ 0.0D000  0,00000 ©0.00000 Q.00000  0.00000  ©0.00000
NpO2C03- 0.00000 0.0000C 0.00000 0.00000  0,00000  O.00000
NpOZ2(CO3)2=- 0.00000  0.¢0000 0.000G0  0.G0000 0.G0000  0.0000G
Np02(CO3)3==-  0.000C0 0.00000 0.00000 0.00000 D.00000  Q.00COQ
H2PO4 - 0.000¢0  0.00000  0.0DDEO £.00000  0.00000  0.00000
HEO4= 0.000C0  0.00000  0.0DDGO  0,¢0000 0.00000  0.00000
POA=- g.goopt  0.00000 0.00000 0.00000  0.000Q0  0.00000
MgB (OH) 4+ cl- 0.00000 0.00000 0.000DC 0.00000  6,00000 0.00000
MgB {OH) 4+ 504= £.0000C 0.0pDEEO  ©.000DC  ©.00000 0.0000O0  ©.0000C
MgB {OH) 4+ HSO4~ 0.00000  0.00000 0.00000 0.00000  O.00000  0.00000
Mgh (OH) 4+ OH- 0.00000  ©.00000 0.000CD  ©.00000  0.00000  0.00000
MyB (QH) 4+ HCO3- 6.00000  0,00000  0.00000 0.00000  0.00000  D.Q00CD
MgB (OH) 4+ Co3= ©.00000  @g.o0COf  ©.0000C 0.00000  0.00COQ  0.00000
MgB {DH} d+ B(OH)4- 0.00000  0.00000 0.00000 0.0DOO0  0.00000  0.00000
MgB{OH} 4+ B303 (OH} 4~ 0.00000  §,00000 ©.00000 0.0C000  §.0Q0C0  O.00000
MgB(CH) 4+ B40S5 (OH) 4= 0.00000 p.oooDO  ©0.00000 Q.0C000 0.Q00CO  0.00000
NgB (OH) 4+ Br- 0.00000 0.00000  ©.00000  {.00000  ©.0000G  0.00800
MgB (OH) 4+ Am{CO3)2- 0.00080  0.0000C 0.00000 ©.00000 ©.0000C  0.00040
MgB (OH) 4+ Am(C03) 3=- 0.00000  0.00000 0.000D00  0£.00000  G.0G000  0.00000
MgB (OH) 4+ C104- 0.00000  0.00000 0.00000 0.00000 0_0D0DO  0.00000
MgB (OH) 4+ Np(O2{0H) 2- B.00000 000000  0.0000C  0.00000 O.00000  0,00000
MR {OH) 4+ Hp02C03- 0.00000  0.00000 ©.00000 ©.00Q00  ©.00000  0.0000D
MgB {0H) 4+ MpG2 (€03 ) 2=- 0.00000  0.00C00  C.0000OC  0.00000  0.0DDCD 0, 00000
MgB {0H) 4+ RpO2(C03!13==-  0.00000 0.00000 ©.00000 0.0C000  0.0000C  0.00000
MyE (OH) 4+ H2F04- 0.00000 ©.00DD0 ©0.00000 0.00C00  §,00008  0.0O00O
MgB (OH} 4+ HPOd= 0.00000  {.00000  0.G0000  0.00000  ©.00OGG  0,00000
MgB{OH} 4+ PO4=- 0.00000  0,00000 ©.00000 Q.00000  0.00000 0.CO000
CaB{QH} 4+ cl- 0.00000 0.00000 ©.08400 0.00000 0,00000 0.00000
CaB {CH) 4+ 504= 0.00000  ©.00000  0.COD0O0D  0.00000  ©.0000C  0.00000
CaB(CH) 4+ HSO4~ 0.00080  ¢.00000  0.CO000  0,00000  0.00000 0.00000
CaB (OH} 4+ CH- 0.00000 ©.00000 Q.000C00  0.00000 Q00000 0.00C00
CaB (OH) &+ HCO3- 0.00000 o.poOG0D  0.0CCDO €.00000 O.c0000  O.00000
CaB (OH} 4+ co3= 0.00000  0.C0000  0.00000 0.00000 O.oCOOO0  0,00000
Cab(OH} 4+ B(OH] 4~ 2.00000  G.00000 0.00000 0.00000 0.00000  D.Q00DD
CaB {OH) 4+ B303 (OHM - 0.00000 0.o0CDD  ©.0000D 0.0G000 0.000DD  ©.00000
CaB {OH) 4+ BAGS (OH) 4= 0.G0000  0.00DD0  ©.00000 Q_00C00  0.0000DCG  0.00000

CaB{QH] 4+ Br- 0.g0000 0.00000 0.00000  0.00000 G. 00000 0.0G000
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Appendix I: OUTPUT File Listing of HMW_NP_AM CHEMDAT

CaBIOH) 4+
CaB(OH) 4+
CaB(OH) 44+
CaR (OH) 4+
CaB (OH) 4+
CaB{CH) 4+
CaB{0H! 4+
CaB{0H} 4+
CaB{OH) 4+
CaB (QH) 4+
Am++4
A4+
A4+
A+ 4
A+ 4+
Ak b 4
Atk
A4+
Atk b

Am{C03)2-
Am{CO3) 3=-
€104~

MpOZ (QH) 2~
Np02C03-

NpOZ(C03}2=-

NpO2 {CO3}i==-
HIPO4-
HPO4=

POd=-

ci-

so4=

HS04-

OH-

HCO3-

co3=
B(OH}4-

B303 {0H) 4-
B40O5 (DH} 4=
Br-
Am{C0O3)2-
Am{C03)3=-
clod-

NpO2 {OH) 2-
NpO2C03-
Np0Z{Co3]2=-
RpC2 (CO31 3==-
H2PC4-
HPO4=

POA=-

ci-

504=

HS04~

OH~

HO03~

3=
E(OH)4—

B303 [0H)}4-
B405 (OH) 4=
Br-
Am{C0O3)2-
Bmi{CQ313=-
Cl04~ -
NpOZ (0H) 2-
NpQ2003-
WpO2{C03t2=-
RpO2 [CO3) A==~
H2ZPO4 -
HPO4=

FOd=~

cl-

s04=

HS04~

OH-

HCO3 ~

coi=

B{OH)4-

8303 (OH) 4
B405 (0H) 4=
Br-
Am{CO3)12-
AM{CO3§I=-
oLo~

NpO2 [OH) 2-
NpO2C03-
NpOZ (CO3 ) 2=-
MpO2 (CO3) 3==~
H2PO4-
HPO4=

BOd=-

cl-

504=

HS042-

OH-

HCO3-

co3=
B(CH)4-
BIGI (OHMH-
B405 (OK) 4=
Br-
Am{CO3)2-
Bm{CO3}3=-
Clod-

NpO2 {0H) 2-
NpO2¢03-
NpO2[C03}2=-
NpO2 (CO3) 3==-
H2PQ4 -
HPO4=

POd=—

0.00008
¢.00000
2.00000
0.00000
0.00000
0.C0000
0.00J%00
0.0G000
0.00000
0.00000
0.00000
Q.00000
0.00000
©.00000
0. 00000
0. 00000
0.00000
0, 00000
0.0{000
0.060000
0.00000
0.00009
Q.0000a
©.00000
0.00000
0.00000
G¢.agooc
0.00000
0.00000
0.00000
0.00000
0.000060
0.goon0
£.00000
0.00000
¢.00000
©.80000
0.00000
0.00000
Q.00049
0.00000
0.00030
£.00000
0.Q0000
0.0a0000
0.03000
0.00000
0.00000
0.00000
0.0c00a0
0.00000
0.00000
g2.000040
0. 00000
0.00000
0.0900
0.00000
0.00000
0.006a0
0.00000
4.00000
G. 30000
0.00000
0.00000
0.00000
a.00300
a.0coa0
4.00000
0.00000
a.3qaa00
0.03000
0.00000
0.00000
a.006443
¢.00000
0.00000
©.qao0c
0.00000
0.00000
Q.00000
0.00000
o.00D00
0.00000
©.00000
0.00000
0. 2Da00
4.00000
0.00000
0.00000
D. 00000

0.00000
0.00000
0.0p900
0.0poa0
Q.00000
0.00000
0.00000
¢.00000
0. 00000
0.00000
0.4J0000
0. 00000
0. 09000
0.00000
a.opogo
0.00000
0.00008
J.0o0D0
4.00c00
0.aocon
0.00000
0. togoo
0.00000
0.00000
0.06000
0.0p0ao
0.00000
0.00000
Q.00ccn
0. 00000
0.09000
0.00000
0.00000
0.00000
0.00000
0.00000
a.ocoad
¢.00000
¢.00000
0. 00000
0.0Q000
C.00000
¢. 00000
0.00000
0.8p000
0.00000
0.000D00
€. 00000
£.00000
0.4aoc0
0.00000
0. 00000
0.00000
0.0¢000
0.00000
¢.90000
¢. 00000
0.agoo00
0.{0000
¢. 00000
0.D0goao
T.000GF
0.0n000
0.90000
B. 90000
G.40000
¢. 00000
0. 00000
0. 00000
¢.00006
¢. 00000
0. 400000
0. 00000
C.00000
0.boaoo
0.00000
0.00000
0.90p00
0.g00000
0.00000
0.pood0
0.00090
0.00040
J.oco0d
4.00C00
D.po00D
0.00000
0.00000
0.000090
0.00000

0.00000
a.oce0d
0.00000
4.00000
0.00000
C. 00000
0.00900
0.00000
0.p00a0
0.00000
0.00000
0.00000
0.0c0400
0.00000
0,00000
©.00000
0.00000
0.00000
0.00000
¢. 00000
©.00000
0.00000
0.00000
9.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0009090
0.00C00
0.00000
0.00000
0._oocog
0.0cCe0
{4.00060
&.00000
0. 00000
0._00000
0.00000
0.00000
0.00000
0.00090
0.00030
Q.ocend
0.00000
0. 00000
0.00000
0.00000
©.00000
0.00000
0.00049
0.00000
¢.00000
€.00000
0, 00000
0.00000
G. 30000
0.p0000
a.co000
0.00000
G.00007
£.00000
0. 00000
G.¢0000
Q.50090
0.00000
0.00000
Q.00000
0. 0ao00
0.00000
0.00000
0.00000
Q.000a0
0.00000
Q.00000
1, 00000
D. 00000
0.00090
0.00000
0.0000640
0.0DDDD
o.00000
0.00000
0.00Q00
p.Do0oOD
0.08000
0.00060
0.000DC
©. 00000

0. 00000
0. 00000
0.00000
0.Dgo0o0
0.00000
0.00000
0.00000
0.00G090
0.00000
J.00000
0.00000
4.00000
0.00000
G, o000
0.00000
0.00000
0.00000
0.00400
0.00090
0.00000
Q.00000
Q. 00000
0.00000
0. 00000
0. 0000
0. 00000
¢. 0000
0.00000
0.00400
0.00000
0.40000
0.0000C
0. 00000
0.09000
0.00000
0.00000
0. 00000
0.00600
0.004000
0.00000
0.00000
0.00000
0. 42000
0.000C0
0. 00000
0. 00000
0.00000
0.00300
0.00000
0.06000
4.00000
{.00009
0,Q0000
3. 0a990
0.D0000
0.00000
Qa.00nea0
a.06633
a.00000
0.00000
0.000C0
0. ¢0000
0.00000
0.00000
0.00000
a.00650
{.,00000Q
9.000c0
0. 00000
. 00000
Q.00C00
0.00000
0.00000
£.00000
0.00004
©.00000
0.00000
£.80000
0.00000
0.Q0000
©. 00004
0. 00000
0, 00000
0.040000
0.00000
0.00000
0.00000
0. 0o0000
0. 00000
0. 00000

Q.00000
0.00040
0.00000
0.000%0
0.00000
0.00000
0.00000
€. 00000
0., 00000
4.00000
0. 40000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
{4.00000
0.00000
0.00000
9.00000
0. 00000
0.00000
0.00000
0.00000
0.Cc0000
0.00090
0.00000
Q.00060
0. 00000
r.ao000
0. 00000
0.00000
0.00000
0.0c0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.Q0000
G. 00000
0. 0do0o00
0.040a00
0.coooa
0.00600
0.000¢0
0.00080
0.Q0000
4.00009
0.000c0
0. {0000
0.00000
0.00000
0.00000
4.00000
0.00000
{4.000¢0
D.g0000
€.00000
0. 00000
&.booes
0.00000
0.00000
0. 00000
o.80000
0. 00000
©.00000
0.c0000
a.08000
0.0000¢
¢. 00000
0. 00000
&.0ooo0
¢. 00000
0.00000
0.00040
g.00000
£. 00000
0.G0000
0.0¢000
0.00000
0.00090
0.0000a
4.00000
0.90000
0. 00000
0. 0%000
0.00G00
0.00000

¢, 00000
0.00000
0.00000
©.agoce
0.4d00¢
0.00000
0.00000
0.00000
0.008090
0.coaod
0.00000
0.00000
0.00000
. 00000
¢. 00000
0.00000
0.00000
0. 04000
0.0%000
0.c4000
0.00000
0.00000
0.00000
Q,00000
¢.00000
0.00000
0.09000
0. {aoece
¢. 00000
0.00000
0.00000
0.00000
0.00000
Q.000%0
Q.00c00
0.00000
0.00000
0. Q000D
0. 00000
0.00000
0.00090
0.c0000
0.00000
0.00000
0.00030
0.90000
&. 00000
0. 00000
0. 09000
¢.aagoe
0.00000
0.00000
0.cnooo
a.000GT
G.o0000
0. 09000
0.00000
0.06000
0.00000
a.00000
0.00000
¢, 00000
0. 00000
0. 00000
0.00000
0.00000
0.00000
0.00000
4.00000
o.0poed
0. 00000
0.00000
0.00090
0.0DB09
0.00000
4.00000
0.00000
0. 00000
0.0QR000
0.00000
0.00000
Q.do0000
0.40000
0.40000
0.0000C
0.03000
0.00000
0.00000
©.00000
0.00000
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NpD2+ cl- 0.00000 . 00000 0.00000 0.90D0C0 0.¢0000 0.00000
NpO2+ 504= 0.084a90 h.oooo0 C¢.0aa00 0.000%0 0.30000 0.00000
RpO2+ H304- 0.00000 0.00000 0.00000 0.000Q0 0.00000 0.00000
RpOZ+ OE- 0.00000 0.00000 0.00000 0.00000 0.0q000 0.00000
NpO2+ HCOZ - 0.00000  0.00000 0.00000 0.00000 0.80000 0.0030C
Npo2+ co3= 0.00000 0.00000 0.040000 0.00000 0.a0000 0.60000
NpO2Z+ B{OH) 4- Q.00000 0.ao0000 0.03300 0.000400 0.00000 0.00000
NpOzZ+ B303 (CH) 4- 0.00000 0.aoo00 0.04000 0.00000 &.00000 0.00000
NpG2+ B4G5 (OHj 4= o.coaae . 468660 &.00086 ¢.a0008 2. Qoe00 &.00000
NpO2+ Br- 0.00000 0.0c0000 0.00000 0.000C0 . 00000 0.00000
NpO2+ Am{C03)2- a.opcod 0.00000 0.00000 0.00000 0. 00000 0.04000
NpO2+ Am{CO3) 3=~ 0.00000 0.00000 0.00C009 0.900¢0 0.00000 0.00000
NpO2+ Cl04- 0.00000 0_g00o0 0.00600 0.00000 0.60000 0.00000
HpO2+ NpOZz (OH) 2~ 0.00000 0. 00000 0.006000 0.00000 0.goooo0 0.00600
NpO2+ WpC2C03 - Q.000¢0 0. 0000 Q.o0o0ao Q.aoo0a ©.00000 0.00000
NpO2+ NpQ2 (CO3) 2=- 0.ooDoo 0.00000 0.00000 0. 00000 0.00000 0.00000
MpO2+ Np2 (CO3)I==— a.0oc000 G.Q0000 0.00000 9.00000 0. 00000 0.00000
NpO2+ HZPO4- Q4.06000 0.00000 0.00000 4.00000 C.0a0oc 0.00000
NpO2+ HFO4= 0.0C000 0.ga000 Q.codao {.00000 0. 90000 0.00000
NpO2+ PO4=- 0.00000 0.00000 o.coodo 4.00c00 0.00000C 0.00000
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen
this is a BATCH problem
Ideal Gag Constant is Unity (Dimensioniess)
Temperature = 2%8,15 i=] degree Kelvin
115 Species 23 Elements
Element Name Molecular Weight
Hydrogen 1.00790
Oncygen 15.533940
Sodivm 22.88977
Fotassium 39.{13830
Magnesium 24.30500
Calciom 40.08000
Chlorine 35.45300
Sulfur 32.06000
Carbon 1z.01i1¢0
Poslon 0.00D30
Neglon 0.00000
Alr 28.84000
Boron 10.281000
Bromine 79.50400
TracerELl 0.00000
Th{IV) 232.03810
Am({III) 243.00000
w{vI) 238.02500
Np{V) 237.04B20
€lod- (EL} 9945060
Fhosphorus 3D.97400
Electron o.0a000
Charge 0. 00000
Species Name Phase Mol.We. Std Chemical Potential, u/RT
1 B2O WATER agueous 18.015 -95.663
2 Na+ Na+ aguecus 22.990 -105.651
3 E+ K+ agueous 39.0986 ~113.857
4 Ca++ Ca++  agueous 40.080 -223.300
5 Mg++ M4+ agueous 24.305 -183 .468
6 MgUH+ MgQH+ aqueous 41.312 ~-251.540
7 H* H+  aquegus 1,008 a.000
8 Cci- Cl- aguecus 35,453 -52.955
4 504= 504= amqueous 96.058 -300.386
10 HS04- HE0d- agquecus 37 . 066 -304.3842
1l OH- CH- agueous 17.0G7 -63.435
12 HCO3- HCO3-  agueocus 61.017 -236.751
13 CO3= C03=  agueous 60.009 ~2312.944
14 €02 (ag) Co2laqg} agueous 44.010 -155.680
15 caCo3 [aq) CaCo3laq) agueous 100.08% -443.500
16 MoCO3 (agq) MgCo3d{ag} agqueous 84.314 -403.155
17 B{OH)3(ag} B(OH]3(ag) sagueons 61,832 -390.810
18 B{OH) 4~ B{0H)4- aguecus 78.819 -465.200
19 B303 (OH) 4~ B303(0H)4~ agueous 148.457 -9632.770
20 B405 (OH) 4= B405(0OE)4= agqueous 191.266 -1239.100
21 CaB(OH) 4+ CaB{OH)d+ agueous 118.91% -692.300
22 MgB{OH) 4+ MgB{OH) 4+ atueous 103.144 -651.8%0
23 Br- Br- aguecus 7%.304 -953.990
24 Clod- perchlorate ClQd- agueous 99, 451 -299.990
25 NaDH{aq)...... to.titrate_base.only aguecus 39 %97 500.000
26 HCl{ag!....... to.tikrate acid.only aguecus 36,461 500. 000
27 HClod(agl..... to.titrate.acid.only agueous 100.459 500.000
28 PosIon................PQSITIVE.ICN agueous 0.000 0.p00
29 Neglon..........cceo.. NEGATIVE.ION aqueous 0.000 0.060

30 PosIoni{CH)(ag)..... to.titrate.base agueous 17.007 500.000
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31 HNegIon{ag)........ to.titrate.acid agueous 1.o0c8 500.000
32 Tracex(ag)..... conservative. tracer agquepus 0.00D 0.000
33 HIPQ4 (aq) H1POd lag} agquecus 97.995 -450.9C0
34 H2ZPO4- H2PD4- agueous 96.987 -455.960
315 HPO4= HPO4= aqueous 95.980 -439.3&7
36 PO4=- PO4=- agueocns 94.972 -410.947
37 NpO2+ NpO2+ aqueous 269.047 -369.127
318 NpO20H{aq) NpO20H (aq) agueocus 286.054 -438.518
39 NpO2 {OH) 2~ NpO2(OH)2- agueous 303.062 -505.829
40 NpO2CO3- Rp02C0i- agueous 329_0586 -594.492
41 NpO2{CO3)2=- NpO2 {CO3)2=- agueous 389,065 -808.403
42 NpO2{CD3}3==- NpO2Z {CA3)3==- aqueous 449.075 -1019.918
43 Ama++ A4+ aquecns 243.000 -241.69¢
44 AmCO3+ AmMCO3+ agqueous 303.003 -472.060
45 am(C03)2- Am(CO3)2- aqueous 163.018 -695. 880
46 Am(COD3)3=- Aam(C03)3=- aqueous 423.028 -815.440
47 Am(CH)2+ AmM(CH}2+ agqueous 277.015 -3931.647
48 Am(OH}3 {aq) Am{QH) 3 (ag}l agqueous 294.022 ~462.950
4% Th++++ Th++++ Aadueous 232038 -9%%. 930
S0 U024+ U{VI)C2++ aquecus 270.028 -99%.930
51 NpoZod(agedi NpOZ2CH (aged} solid 285,054 -454.0810
%2 NpOZOH{amor) MpO20H(amer} solid 285.054 -452.642
531 NaMpOo2C03 (s) NaNp0O2CO03{s)  solid 352.046 -711.707
54 Na3NpO2(CO3)2(s)_DISABLED_DISAELED solid 458.035 9%9.990
55 AmOHCO3 (el AmORCO3lc}  solid 320.017 -569.580
S6 Am(OH)3(s) . Am{OH)3{s} solid 294.022 -492.294
57 NaAm|{CO3)2.6H20(c) solid 4594.08% -1396.494
58 AmPO4 (c) AMPO4 o} solid 337.972 -709.750
5% CaS04 Anhydrite solid 136.138 -533.730
60 NaK3 (S04} 2__Aphthitalite/Glaserite solid 332.400 -1057.050
61 CaCl2.&HZ0 Antarcticite solid 219.077 -893.650
€2 CaCcD3 Aragonite solid 100.08% -455.170
63 K2504 Arcanite solid 174.254 ~532.390
64 MgCl2.6H20 Bischofite sclid 203.362 -853.100
55 Na2Mg (SD4)2.4dH20 Bloedite =olid 334.461 -1383.600
66 Mg (OH)2Z Brucite solid 58.320 -335.400
67 NHabCO3 (50412 Burkeite solid 390,063 -1449.400
68 CaCo3 Calcite seolid 100,089 -455.600
69 CaCl2 . 4H20_____ CaCl?_Tetrahydrite solid 182.047 -628.700
70 CadCl2 (OH}6.13H20__ Calmeychloride A solid SE7.467 -2658.450
71 CaZCl2 (OHYZ.H20 CaOxychloride B solid 203.096 -778.410
72 KMgCl3.&6H20 Carnallite solid 277.854 -1020.300
73 MgSD4.TH2O Epsomite solid 246.469 -1157.230
74 CaNa2{C03}2.5H20, Gaylussite solid 29§.154 -1360.500
75 NaZCa(504)2 Glauberite solid 278.175 -1047 .450
76 CasD4.2H2O Gypsum solid 172.168 -725.560
77 HaCl, Halite solid 58.443 -154.95¢
78 MgS04. BH20 Hexahydrike solid 228.454 -1061.600
79 KMgCl504.2H20, ¥zinite splig 248960 -938.200
80 KHCO3 Kalicinite solid 100.115 -350.060
81 MQSO4.H20 Kieserite solid 138,278 ~579.800
82 K2Mg(SO4)2.4H20, _______  Leonite solid 366.678 -1403_970
B3 MadCa (S04)3.2H20, Labile_salt solid 456.242 -1751.450
B4 MgCO3_____ = 2= Magnesite solid 84.314 -414.4%0
85 Mg2Cl{0H)3.4H20 MgOsychloride solid 207.146 -1029.600
BS KHS04 Mercallite solid 136.164 -417.570
87 Wa2s0d.10H20. Mirabilite solid 322,183 -1471.150
B8 KBHE{504)7 Misenite =solid 991,237 -3039.240
89 NaHCO3 Maheolite solid 84.007 -343.330
50 Na2C03.10K20 Natron sclid 286.141 -1382.780
91 MgCC3I.JH20____ Nesquehonite solid 1318.360 -525%.300
92 K2Mg(S04)2.6H20 Picromerite/Schoen selid 402.7068 -1596.1400
93 Na2Ca({C03)2,2H20, Firssonite solid 242.108 -1073.100
54 K2MgCaz(504)4,2H20 Polyhalite solid 602.922 -2282.500
95 Ca{DH)Z Portlandite selid 74.035 -362.120
96 K2C01.3/2H20_ __Potassium Carbonate solid 165.229 -577.370
97 KBH4(CC1}6.3H20__ K-Seguicarbonate solid 730.919 ~2555.400
28 KNaCG3.6H20 K-Ma-Carhonate scolid 220.188 -1006. 800
99 K2MaH{C03)12.2H20___ Potassium Trona solid 258.243 -971.740
100 K3H(504)2__Sesquipotassium _Sulfate solid 310.418 -950.800
101 Ha3H|S04)2____Sesqguiscdium Sulfate solid 262.092 -919.600
102 Na2C03.7H20___ Na2001-Heptahydrate solid 132.095 ~1094.950
103 RC1 Sylvite =zo0lid 74.551 -164.840
104 K2Ca(S04}z2.HI0 Syngenite solid 328407 -1164.800
105 Mg2CaClé.l1ZH20 Tachyhydrite solid 517.590 -2015.200
106 Na2S04 Thenardite solid 142.037 -512.350
107 Na2CO03.Hz0 Thermonatrite solid 124,004 -518.800
108 NalH(CO3)2.2H20, Trona solid 226,026 -9260.380
1G9 NaZB407, 10H2C Borax solid 3181.367 -2224.180
110 B{CH)2 Borix_Acid_Solid solid 61.832 -390.B&0
111 ¥B508.4H20____K-Pentaborage_[30_C) solid 253.204 -1770.2680
112 K28407.4H2Q___K-Tetraborate_(30_C) sclid 305.493 -1663.470
113 NaBOZ.4H20 Sodium Metaborate solid 137.859 -761.420
114 NaBS5CS8.5HIO Sodium_Pentaborate selid 295.111 -13854.800
115 NaBQZ2.NaCl.2H2C  Teepleite (20_C) solid 160.272 -725.770
Truncated Name Formula Matrix
1 H2C 2190 0040 0000 O0O0COCOECO0O0CEQ O0OC4a 000
2 Ra+ 9 61 a0 900D O 0000 O0CO0dQCO0CAT O 0 OCO0 D01
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Appendix K: Listing of HMW_NP_AM.RHOMIN and References Cited in Listing

K.1 Listing

3 2.43 *Hp (VICZ0R (aged) . . . .Np{V)O20H{aged} '
Fa 2.a3 ‘Mp (ViO20H (amort . . . Np{VIOQ20H {(amor}
) 2.3 'NaNp{V) 0200315} . ., . NaNp(V}02C03 (a)
< 2.d3 'NaNp02C03INa2C03 (s)Na3Npo2 (Co3)12 () '
& 2.d3 AmMOHCO3 {a)
& 2.43 Am(OH) 3 {5}
7 2.43 Naam(CC3)2 _6H2Z0(c}
o 2.43 ArPO4 (¢}
2980.40 Cas04 Anhydrite CRC p.B-181:185
2.43 NakK3(504)2 aphthitalite/Glaserite
z.d3 CaCll.&H20 Antarcticite
29%40.40 CaCo3 Aragonite CRC p.B-18§1:185
2663.40 R2504 Arcanite CRC p.B-1F1:185
2.43 MgClZ.6H20 EBischofite
2250.40 NaZMg(504)2.4H20 Bloedite CRC p.B-181:185
2390.40 Mg (OH)2 Brucite CRC p.B-181:185
2.43 KabCO3 (504)2 Burkeite
25828.40 Calto3 Calcite CRC p.B-181:185
2.431 Ccacl2.dHo CaClz Tetrahydrite

2.d3 CadCl2(0H)6.13H20 Calxychloride A
2.43 Ca2C12 (QH) 2 _H20 Calxychloride B

1602.40 KMaCl3 . 8H20 Carnallite CRC p.B-181:185
1577.40 MgsSod.7TH20 Epscmite CRC p.B-151:185
1891 .4¢ CaNa2 {C0O3)2.5H20 Gaylussite CRC p.B-181:1585
2800.40 NazCa({504q)2 Glavherite CRC p.B-181:185
2335.40 CaS04 .2H20 Gypsum CRC p.B-1B81:185
2165.d0 NaCl Halite CRC p.B-181:185
2.d3  MgsO4.6HzO Hexahydrite
2150.d0 ¥MgClS04.3H20 Kainite CRC p.B-181:185
2.43 KHCO3 Kalicinite
2571.49 MgS04 .H20 Higgserite CRC p.B-181:185
2.43 K2Mg (504) 2. 4H20 Leonite
2.43 NadCa(S04)3 .2H20 Labile Salt
1210.40 MgCo3 Magmesgite CRC p.B-1B1:185
2.4d3 Mg2Cl (OH) 3 . 4H2O Mglxychloride
2.63 KH504 Mercallite
1450.80 Na2504 .10H20 Mirabilite CRC p.B-1B1:185
2.43 E8HG{S04) 7 Migenite
2.43 NaHCO3 Nahcolite
2.43 Na2C03 . 1QH20 Natron
2.d3  MgCO3.3H20 Nesquehonite
2.d43 K2Mg (504)2.6H20 Picromerite/Schoen
2.d3 NazCa{C03)2.2H20 Pirssonite
Z.a3 2MgCa2 {504t 4. 2020 Polyhalite
2.d3 CaloH}2 Porklandice
2.d3 K2003.3/3H30  Potassium Carbonate
2.43 KBH4 {CG3) 6.3K20 K-Sequicarbonate
2.dX  KNaCO3.6H20 K-Na-Carbonate
2.d3 KINaH{CC312.2H20 Potassjum Trona
2.43 K3H(S04)12 Sesquipotassium Sulfate
2.43 NalH(S04)2 Sesquisodium Sulfate
2.43 NWa2003 . TH20 Na2C03-Heptahydrate
1990.40 KCl Sylvite CRC p.B-1B1:185
2.43 K2Ca(504)2 H20 Syngenite
2.d3 Mg2CaClé.12H20 Tachyhydrite
2.43 Na2s04 Thenardite
2255.40 NazCO03 .H20 Thermonatrite CRC p.B-181:1RS
2340.40 NalH{C03)2,2H2Q Trona CRC p.B-181:185
1715.d0 Na2Bd07?. 10HZO Porax CRC p.B-181:185
2.d3  BICHI3 Borix Acid Solid
2.43  KB508.4Hip E-Fentaborate 130 C)
2.d3 K2E407.4H20 K-Tetraborate (30 C)
2.d3 NaBOZ.4H20 Sodium Metaborate
2.d3 NaB50B.5H20 Sodium Pentaborate
2.da3 NaBO2 .NaCl.2H20 Teepleite (20 C}
- . - s
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



FMT, Version 2.0 WPO # 28119
User’s Manual, Version 1.00 November 17, 1995
Page 143

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 . Special Issue of Radiochimica Acta. R. Oldenbourg
Verlag: Miinchen, Germany.

Weast, R.C. 1980. CRC Handbook of Chemistry and Physics 60th ed. Chemical Rubber
Publishing Company, Boca Raton, Florida.
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Appendix L: Output File Listing of HMW_NP_AM.RHOMIN

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

NpO20H{aged)__ NpO20H{aged)
NpOZOH(amor)___ NpO20H{amor)

NaNpd2CO3 (s) Matip02Co3 (=)
Na3NpOZ2 (Q02)2{s)_DISABLED bISABLED
AmMOHCO3 (&) mraree———— RMOHCO3 ()
Am{CH)1(s) Am{OH} I {2)
Naam{CO3)2.6H20(c)

AmMPO4 () — AmPD4 ()
Caso4, Anhydrite
NaK3 (S0412__Aphthitalite/Glaserite
Cacl2. 8K20. Antarcticite
CaC03 Aragonite
K2504 Arcanite
MgClZ. 6H20 Bischofite
Na2Mg {504)2 ., 4H2Q - Bloedite
Mg(CH) 2 Brucite
NabCo3 (50412 Burkeite
CaC03 Calcite
CaCl2,4H2Q CaCl2_Tetrshydrite
CadCl2 [QH} 6. L3H20__Calxychloride A
Ca2Cl2 {oH) 2. K20 CaOxychloride B
KMgCl3 . 6HZD, Carnallite
MyS04 . 720 Epsomite
CaNa2 (C03} 2, SH20 Gaylussite
Nal2CalsSpérz Glavberite
Cas04.2H20 Gypsum
Nall, Halite
MgS04 . SH20, Hexabydrite
KMgCLS04.3H20 ___ HKainite
KHCO3, . Ealicinite
MgS04 . H20, Kiegerite
K2Mg (504) 2. 4R20. Leonite
NadCa (504} 3.2H20 Labile_Salt

MgCo3 Magnesite
Mg2CL({OH)3.4H20___  MgOxychloride

¥HSG4__ 02020000 Mercallite
MNaZS04.10H20___ _ Mirabilite

7 ¥BHA{504)7 Misenite
NaHCO3 Nahcolite
Na2C03 10H20____ Watren

» MgC03 . 3IH20, Nesgquehonite
K2Mg (504]2 .6H20 Picromerite/Schoen
Ra2Ca{C03)2.2H2Q Pirssonite
K2MgCaz(S04)4.2H20____ Polyhalite
Cal(cH)2 Portlandite

K2C03.3/2H20___ Potassium Carbonate
KBH4 {CD3}6,3H20___K-Sequicarbonate
¥NaCO03 . 6H20 K-Na-Carbonate
K2NaH{r03)2.2H20__ Potassium_Trona
KIH(S04)2__Sesquipotassium Sulfate
NalH[S04)72 Sesquisodium_Sul fate
Na2C03 . TH20, NazC03-Heptahydrate

ECL Sylvite
KEZ2Ca(S04) 2 .H20, Syngenite
Mg2CaClé . 12H20 Tactiyhydrite
Na2s504 Thenardite
Naz2C03 K20 Thermonatrite
NalB(C03)2.2H20 Trona
NazZB407 . 10H2Q Borax

BIDH}3 Borix_h¢id_Solid
HB508 . 4HZC, E-Pentaborate_(30_C)
K2B407 _4H2C___K-Tetraburate_{30_C)
NaB0Z. 4520, Sodium Metaborate
NaBS08.5H20, Sodium_ Pentaborate
NaBC2.NaCl.2H20___Teepleite_[20_C)

2000.00000003000
2400.00000C20000
2000.00600000000
2090.00800000090
2000.00C00000000
20900.00000003090
2000, 00000004000
2000.00000000000
2980.00000000000
2000.00000000000
2Q00.00000000000
2340.00000000000
2863 .000400004000
2{00.00000000000
2250.00000000000
2390.00080000000
2003 . 0000GA0000T
2§28.00000000000
2000.00003000000
20D0 . 000DG00CDE0
2000, 00000000000
1502 . 00000000000
1677. 00000000000
19%1.00000000000
2800, 000DHHOO0DD
2335.00000000000
2165.00000000008
Z0C0. goocco000ch
2150.00000000000
2000.000000000C0
2571, 00000000000
2000 . 40000200000
2000 . 00000000000
3210.00000000000
2Q00. 00000090000
2Q00.006000000000
1450. 00000000000
2900 . 00090000000
2000.00000030000
2000.00C00000000
2000.00009000000
2000.00000000000
2400. 00000000000
2000, 00000000900
2900. 00040000000
2000.00000000000
2000.00000000000
2000.00C00000000
2000 .00000000000
2004 . 6GG00000006
2000. 00000000000
2000. 00000000000
198p.C0000000000
2000, ¢000000000¢
2000 . 00000000000
2000 .0D0000000000
2255.00000000000
2140.0D000030000
1715.000000D0000
2000.00000004000
2000.00000000000
2400 . 00040000000
2000.00000000000
2040 .00C¢00000000
2000.000090000000
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Appendix M: Sample Output File “BATCH_DOC.OUT”

¢ INFUT £ile pame

is Ul:[SCBABB. FMT.USERGITIDE ) BATCH_DOC. TH;:1
2 INGUESS file i

name is Ul:[SCBABB.PMT.USERGUIDE]EBATCH_DOC. INGUESS;1

& QUTPUT file name is Ul: [SCBABB.FMT.USERGUIDE]BATCH_DOC.CUT; 1

<+ CHEMOAT file name is Ul: [SCBAEE.FMT.USERGUIDE]FMT_HMW_NP_BM_CHEMDAT; 1
Temperature is Hard Coded as 298.15K

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

DATABASE: HMW84/FWB6; Np(V)-Na-CO3-CH-Cl-0:104 (NR94) ;

95.01.31  Am({III}-Na-Cl-CO3-S04-F04 (FRSR8Z,PRF90,F91, RFFRY2, RFF94, RRFFI4)

FyT VZ.0

e L g e e L A e L R L R e L s R L R s A T T X 2 2

**% ECHO PRINT OF “CHEMDAT®" FILE WOULD BE HERE ***
SEE APPENDIX J b

R e R e e L R L L R L g L i T S T L L LA T XL

*ww

AEETe N ¥+ EGOLUBILITY PRODUCT VIOLATIGN®* ¢+ ++vvssviy
** Mg {OH) 2 Brucite ** 1,00E+D1 **

Hawrahaan s s v SOLUBILITY PRODUCT VIOLATION™ ™ ##sranzrses
** Mg2Cl(OH)3.4H20______ MgOxychloride ** 6,69E+DD *~

2 Solubility Product Viplations
Adding solid Mg(OH}Z_____ __~ Brucite
¥ inversions for batch phim 85
1(.FD.TITRATEIBATCH DOC.in; to illustrate/document "BATCH* rung

DATARASE: HMWA4/FWE6: MplV)-Na-COI1-OH-C1-ClO4 {NR94};
95.01.31 Am{III)-Na-Cl-C03-S04-pO4 (FRSR89,FRFI0, P91 RFFRY2, RFFY4, RRFF54}
Pressure= 1.0000QE+00 [=] ATM Temperature= 2.98B+02 [=] Kelvin

Elemental Abendances for Flash Problem

Total Moles

ZAq. Malality

g, Molarity

Ag. mg/liter

Uzing NaCl Density Correlation

1.10222364E+02 1.11116160E+02 1.10794086E+02 1.11669352E+05 Hydrogen
5.516543821E+01 5.56118135E+01 5.545062D6EE+0L 8.8717665%E+05 Oncygen
2,00000000E-01 2.01625464E-01 2.01041045E-01 4.621B87319E+03 Sodium
1.00000000DE-02 1.00812732E-02 1.00520523E-02 3.930181558+02 Potassium
1.00000000E-03  4.64673729E-08  4.63226B56E-08  1.12611592E-03 Magnesium
1.0000000CE-D4 1.00812732E-04 1.00520523B-04 4.02886254E+00 Calcium
1.10¢0000002-01 1.108%4005E-D1 2.10572575E-01 3,92012350E+D3 <Chlerine
1.000000Q00E-03 1.00812732E-03 1.00520523E-03 3.22268795E+01 Sulfur
1.00000000E-D4 1.00812732E-04 1.00520523E-04 1.207152C0E+00 Carbon
0.0000G000E+DD 0.0000000CE+00Q 0.0000D000E+DO 0.00000000E+00 Foslon
0.00D00GC00E+0Q 0.0000000DE+Q0 ¢.09000000E+00 0.000000D0E+00  NegIon
0.00000000E+00 0.00000000E+0OD 0.00030000E+00 {.00G00000E+00 Air
1.000C043Q0E~07 1.008127328-07 1.00520523E-97 1.08662685E-03 Boxon
0.00000000E+00 {.000000D0E~00 0.00GCD000E+0D 0.000C00000E+00 Bromine
4.0000C000E+00 0. CD3a0000E+DD C.{00000000E+O0 0.0C000000E+00 TracerEL
9. 0000000DE+00 0. CDOODO00E+DD 0. 00300000E+00 4.00000000E+D0  Th(TV)
0.0000000DE+(0  0.0CO00Q00E+G0  0.000000Q0E+00  0.0C000000DE+00 Am(III)
0.DC00000CE+DG 0.00000000E+DD 0.C0J0000GE+0D 0.0DCO000DE+D0 U (VI
0.00C00000E+DD 0.000DDCOO0E+DG 0.0000900DE+DD 0.00000000E+D0  Np(V}
0.000000008+00 0.00000G00E+00 0.00000000E+D0 0,00000000E4+00 CLO4-{EL)
0.00000000E+00D 0. 00000000E+00 4.000CD000E+G0 0. 00000000E+00 Phosphorus
0.00000000E+00 4.00000000E+D0 0.00000000E+00 0.00000000E+00 Rlectron
4.90605392E-17 4.94592698E-17 4.931531032E-17 0.00990000E+0Q0 Charge
Solution Parameters, Calculated

SOLUTION MASS 1002.59976105542 grans

H20 MASS $91.938201296740 grams

TDS(g/kg} 10.7482026613917 g/ kgHZ0
Specified Solution Density

DENSITY 1007 ,81851904202 kg/m*3 = g/1
Solution Parameters Based on Specified Density

SOLUTION VOL 0.994821728428285 liters

TDS 10.7170555829388 g/l
Dengity based on TDS and NaCl solutions 1007.81R51904202 a’l

Percent relative error vs MNaCl density 0.06G00CDR00000000E+DO0 &

TABLE OF CONCENTRATICNS FOR BATCH SYSTEM

Species Name Molality Activity Act Coef Total Males Molarity mg/liter Daescriptor
WATER 9.92444E-01 9.93023E-01 1.001 5.50612E+01  5.53478E+0l  9.97101E+Q5
Na+ 2.01625e-01  1.470858-01 0.7295 2.00000E-01  2.01041E-01  4.621B%E+03
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Cci- 1.1085%4E-01  7.96916E-02 0.7204 1.10000E-01  1.10S73E-01  3.92013E+03
DH~ 9.87965E.02  7.13753E-02 0.7224 3.B0001E-02 9.8S102E-D2  1_67539E+0}
K+ 1.00813E-02  7.34149E-03  0.7282 1.00000E-02  1.00521E-02 3 .93018E+02
504= 1.0CB13E-03 2.24998E-04  0.2232 1.00000E-02  1_00S21E-03 9.65576E+01
Brucite 1.00806E-C3  1.000008+00 1.000 9.599548-04  1.00516E-03  5.86205E+Q1
Ca++ 1.00115g-04  2.00366E-05  0.2047 9.93083-05  9.98252E-05  4.00039E+00
co3= 1.00005E-04  2.445%15E-05 ©0.2449 9.91991E-05  9.%7155E-05  5.98385B+00
B(OH) 4~ B{OH) 4- 1.0070%E-07 6.61270E-08 O0.6566 9.%8971E-08  1.00417E-07  7.91680E-Q2
Calo3 laqg) CaCo3 (acq) 6.97236E-07  §.97236E-07 1.000 6.91615E-07  §.95215E-07  6,35835E-02 1.38E-10
BCO3- BCO3- 1.10094E-D7  7.49923E-08 0.6812 1.09206E-07  1.09775E-07  6.69815E-03 1.60E-10
MgOH+ MgOH+ 3.5426BE-08 2.81647E-0B  0.7950 J.51412E-08  3,53241E-08  1.45932E-U3 -2.4TE-07
Mg ++ Mg+ 1.09873E-08 2.56221E-0% 0.2332 1.08988E-08  1.09555E-08  2.66273E-04 2. 38E-10
CaB (OH) 4+ CaB{0H) 4+ B.72370E-11  5.54047E-11 D.6810 8.55327E-11  §.63841E-11  1.03441E-Q5 J.87E-11
MgC0o3 (ag} MgC03 (ag) 5.312206B-11 5.32206E-11 1.000 5.27915E-11 5.30663E-11  4.47424E-0§ 3.15E-1¢
B{OHI 3 lag} B(OH}3 (aq) 1.65411E-11 1.61858E-11 0.9785 1.64077E-11  1.64931E-11  1.01980E-06 1.62E-10
H+ H+ 1.93212g-13  1.40201E-13 0.725§ 1.91654E-13  1.92652E-13  1.94173E-1¢ 1.38E-10
co2iaq) co2{aq) 2.21142E-14  2.30277E-14 1.041 2.19360E-14  2.20501E-14  §,70422E-L10 3.16E-10
MgB (OH) 4+ MgBOH} 4+ 6.18470E-15  4.24905E-15  0.6870 6.13484E-15 6.16677BE-13  6.36066E-10 2.98E-10
HS04- HS04~- 4.06799E-15  3.00314E-15 0.7382 4.0351%E-15  4.05620E-15  3.93717&-10 2.03E-10
CadC12(OH) 6.13H20__CaOxychloride A D.GCO000E+00  1.00000E+00 1.000 0.0000DE+00  (0.0DODOE+Q0  D.0O0QDE+O0  -1.27E+01
KBHE (504) 7 Misenite 0.0C000E+00  1.00000E+CO 1.000 C.00DCDE+00  0.00000E+00  0.0Q000E+00  -1.09E+0Z
K2EB407.4H20___ K-Tetraborate_(30_C} 0.DC000E+00  1.00Q00E+00 1.000 0.00000E+00  0.00000E+00  0.0Q0000E+DD -3 .S6E+Q1
KB50%. 4H20____K-Pentaborate_(30_C} 0.00000E+00  1.00000E+00 1.000 0.00C0DE+00  0.00DQOE+00  ©O.COQUOE+GO  -4.79E+G1
B(OH)3________ Borix Acid_solid 0.00000E+00  1.00000E+00 1.000 0.00000E+00  8.00CCGOE+00  0.CO000E+GD  -1.08E+01
Na2B407 . 1020 Borax 0.00000E+DD 1.0000E+00 1.000 0.00000E+00  0.000CDE+00  0.COG00E+0D  -3.16E+01
Na3H(C0312.2H20 Trona 0.CO0O0E+DE  1.00000E+00 1.000 0.00000R+00  0,0QODDE+3@  ©.00000E+00  -1.32E+D1
Wa2003.H20______~ Thermonatrite 0.000002+00  1.00000E+00 1.000 0.000COE+00  0.0000CE+00  O.0CDGOE+00  -§.76E+0D
Na2804___ = Thenardite 0.00000%+00  1.00000E+00 1.000 0.Q000CE+Q0  0.00000E+08  0.0CDQ0E+Q0  -5.03E+0D
Mg2CacClé . 12H20 Tachyhydrite 0 .000DEE+DD 1.00000E+00 1.000 0.00000E+Q0 0.0Q0000E+0D 0. QDOOOE+A0 -4, 59E+01
K2Ca(SO4}2.H20_______ Syngenite 0.00000E+00  1.000COE+OD 1.000 0.RO00OE+RO  0.DOO0OE+OD  0.000DOE+Q0  -8.82E+0D
KCI Sylvite 0.00000E+00  1.00DZOE+OD 1.000 0.DBOOOE+D0  0.00000E+DD  0.000DOE+0Q  -4.13E+00
Naz2Ca3 . 7H30_____Na2CC03-Heptahydrate D.00000E+0C  1.00DQQE+00 1.p00 0.00000E+00  0.00000E+DD  0,00000E+Q00  -5.H4E+00
NalH{504)2 ___Sesguisodium_sulfate 0.00000E+0C  1.00000E+00 1.o00 0.00000E+DC  0.DOCOQE+00  0.0000DE+00 -2, 18E+01
K3H{S804)2___Sesquipotassium_sulfate 0.00000E+00  1.00000E+Q0 1.000 0.0DROOE+DE  0.DCO00E+00  G.00000E+(0  -2.30E+01
KZNak (CO3)2,2H20___FPotassium_Trona C.00000E+00  1.0000OE+0D 1.000 0.00DOOOE+C0  0.000D00E+00  Q.000C0E+G0  -1,BIE+01
KNaCO3.6H20_____ K-Na-Carbonate 0.00000E+00  1.000CDE+00 1.000 0.0000OE+00  0.DDDDGE+O0  0.00000E+00  ~7.48E+0C
K2C03,3/2H20___Potasaium Carbonate 0.00000E+00  1.00000E+00 1.o008 0.0C000E+00  0.00000E+QQ  0,00000E+D¢  -1.19E+01
CalOHI2________ _ Portlandite C.D0000E+00  1,00000E+00 1.000 0.00000R+0C  0.00000E+00  0.0D0000E+C)  -1.80E+00Q
K2MgCa2 (S04)4.2H20_____ Polyhalite 0.00000E+00  1.00000E+00 1.0c0 0.00000E+0C  0.0DODOE+00  0.00000E+GD  -2.31E+01
Na2Ca(CO3)2.2H20 Pirssonite 0.00000E+00  1.00000E+00 1.000 0.00000E«00  0.0DOGOE+00  0,0Q000E+D0  -6.35E+00
K2Hg {504} 2. 6H20 Picromerite/Schoen 0.00CCOE+D0  1.00000E+00 1,000 £.00000E+00  ¢.00000E+00  0.0DO0OZ+00  -1.58E+01
MgC03 . 3H20, Wesquehonite 0.00000E+00  1.C0O000E+DO 1.000 0.00000E+00  0.Q0Q00E+00  0.ODODOE+QC  -B.04E+D0
Na2COI.10B30_____ =~ Nakron 0.00000E+02  1.00000E+DQ 1.000 D.00000E+00  0.Q0000E+0(  0.D0CO0E+00  -5.48E+D0
NaHCO3 Nahcolite 0.00000E+00  1.00C00E+00 1,000 0.00000E+00  0_00000E+00  0.0DROQE+DQ  -7,55E+00
NaBO2 . 4H20, Sodium_Metaborate 0.00D00E+GD 1.00000E+00 1.000 0. 00000E+00 0.00000E+00 Q.00DO0E+QD -8 ,35E+QD
Na2S04.10H20___ _ Mirabilite 0.00000E+CD  1.00D00E+DD 1.000 0.00000E+00  (.000Q0E+DD  0.000C0E+Q0  -4.12E+0D
FHSO04 Mercallite 0.0DCCOE+OD 1.C0ROOE+0O 1.000 0.00000E+00  ©.00000E+00  0.000DOE+00  -1.72E+D1
Mg2Cl (OH}3 4H20__ MgOxychloride .00000E+00  1.CQ0H0E+CO 1.p00 0.00000E+00 0.00000E+00  O.QDCDOE+Q0  -5,77E+00
Mgl03__ 0002020202 Magnesite 0.00C00R+00 1.00DOH0E+OD 1.000 0.00000E+00 0.00000E+GC  0.00C00E+QQ -5.37E+D0
NadCa(S04)3.2H20____  Labile_Salt 0.00000E+00  1.0DCDOE+OC 1.000 0.0Q0000E+00  0.DODUOE+CC  0.00000B+Q0  -1.33E+01
K2Mg(S04)2.4H20_  _ Lleonite 0.0000CE+00  1.0000QE+00 i.000 0.0GDO00E+00  0_DOOOOE+QC  O.0000DE+30  -1.62E+01
Mg504 . H20 Kieserite 0.00000E+00  1.000GOE+0C 1.000 0.DDOOOE+Dd  (.G00OGE+0D  0.00000E+00  -1.21E+01
KHCO3______  _ Kalicinite 0.00000E+00 1.00000E+30 1.000 0.0DQ00E+D0 0.0DDDEE+DD 0. GOO0DE+DD -9.54E+00Q
KMQC1SO4 3820, Kainite 0.00000E+00  1.00000E+00 1.000 0.000CCE+D0  0.00ODDE+D0 0. 00Q00E+DO  -1.53E+01
Mg504 . 6H20, Hexahydrite 0.DO000E+00  1.00000E+0D 1.000 G.00000E+00  0.00000E+Q0  0.00000E+DO  -1.06E+01
NaCl Halite 0.00000E+00  1.C0000E+DR0 1.000 0.000DDE+00 0 .Q0ODOE+O0  ©_DOOJOE+D)D -3 .SOE+DO
CaS04.2H20 Gypsum 0.00000E«DQ  1.00000E+DO 1.000 D.00DDDE+00  (,0000DE+00  0.0DGO0E+00  -3.77E+D0
Na2Ca{sodl2____ Glauberite 0 .00C00E+DY 1.00090E+00 1.0900 0. 00000E+00 £,00000E+CG0 0.000C0E+00 -B.41E+00
CaNa2{C0312,5H20________ Gaylusaite 0.0C000E+0C  1.0000QE+0D 1.000 0.00000E+00  D.00000E+()  0.0CDOGE+00  -6.1BE+0D
MgSO4.TH20____  Epscmite 0.00000E+00  1.0CNOOE+DD 1.000 C.00000E+00  0.00000E+DD  0.00000E+00  -1,04E+01
KMgC12 . 6H20 Carnallite 0.00CCDE+00  1.COOHOE+Q0 1.000 0.00000E+30  0,00000B+0C  Q.00000E+00  -1.B4E+01
Ca2C124{0H) 2 . H20____ Caxychloride B . 0.00000E+00  1.00000B+00 1.p00 0.00000E+DQ  0.DOOOOE+OC  0.00CODE+D0  -1.24E+01
CaCl2. 4H20, CaCl2_Tetrahydrite 0.00000E+00  1.000DJE+OC 1.000 0.0DQ00E+08  ©0.00000E+00  O.00000E+00  -1.26E+01
CaCQ3 Calcite 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.0D0DAE+00  O,Q00000E+D0  -9.02E-01
Na&CD3 (50432 Burkeite 0.CG0000E+00 1.00000E+00 1.000 0.00000E+0D 0.00DDCE+O0 C.CO00DE+DO -1.61E+01
NaZMg(SO4)2.4H20_____ Bloedite 0.0C000E+00  1.00000E+00 1.000 0.00DODE+00  0.00000E+00  D.00Q00E+00  -1.5ZE+01
MgCl2.6H20______ Bischofite 0.00000E+D0  1.00000E+00 1.000 ©.00000E+00  (.00000E+00  0.DOOQDE+0D  -1.53E+(1
K2504, Arcanite 0.00C00E+D0  1.B00Q0E+DO 1,900 0.00000E+00  0.00000E+00  0.00000E+00  -&.14E+D0
Cacol__ 00202 Aragonite 0.000C0E+G0  1.00C00E+00 1.000 0,00000E+00  0.00000E+00  0.DOGOOE+0C  -1,09E+D0
caCl2.6820 _____ Antarcticite 0.000DOE+0D  1.0O0BOQE+DD 1.000 0.00000E+00  0.00000E+D0  0.ODDCOE+00  -1.11E+01
NaK3 (804)2__hphthitalite/Glaserite 0.00000E+00  1.0COO0E+OD 1.000 0.00000E+00  0.D0000E+00  Q.0G0DOE+00  -1.07E+0L
casod____ 000000 anhydrite 0.000COE+00  1.00G00E+00 1.000 0.00000E+03  0.00000E+00  Q.00CDOE+00  -3.9BE+DD
NaBO2 MNaCl._2H20__ Teepleite_{20_C) 0.00000E+00  1.000D0E+OC 1.000 0.CDO0OE+CD  (.00000E+C0  0.00COOE+J0  -1.15E+01
NaB508 ,5H20_____ Sodium_Pentaborate 0.00000E+00  1.00000E+00 1.000 0.DDAO0E+CO  O.0DDROE+DO  Q.00000E+DZ  -4.7BE+01
NaOH(aq) . ..... to.titrate.base.only 0.00000E+00  0.000CDE+00 1.c08 0_00000E+0C  0.DDOGOE+Q0  D.000QDE+00  -2.93E+02
HCliag)....... to.titrate.acid.only 0.00000E+00  0.00000E+00 1.000 0.00000E«0C 0 _.00000E+00  0.00000E+Q(}  -2.54E+02
B4OS (QH) 4= BA405 (OH} 4= 0.00000E+00 0.00Q0DE+00 0.1519 . 000DDE+00 0.0000DE+Q0 0. 0G000E+DD -3.36E+(1
KB8H4 (CO3) 6. 3H20___ K-Sequicarbonate 0.00000E+00  1.00Q00E+0D 1.p00 0.00000E+00  0.00000E+00  0.0D0QQE+00  -6.18E+01
B303 (CH) 4- B303 (OH) 4~ 0.0D0COE+00  0.00000E+D0  0.5412 0.00000E+00  {.00000E+00  0.0DGOQE+Q0  -2.70E+01
poH = -log[m(H+)] = 12.7140
pH = -logla(l+)) = 12,8532
Osmotic Coefficient= 0.919612
Bquilibrium RH (%) =  99,302313
Ionic Strength (m) = 0.213115
Density, kg/m3 = 1007.82
NOTES: - Water "molality* is mele Fraction M20 in agueous phase

- Gas "molality" and “activity" are gas partial pressures
- *Descriptor® means:
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Appendix M: Sample Output File “BATCH_DOC.OUT”

*JdG/RT/1n10 for species with nonzero concs. (convergence criterion)
rSaturation Index for minerals, S5I=logl{|IAP/Ksp)

*loglo{activity}! for agueous species with very small concentrations
*1og0l0 (partial pressure) for gases

Tetal G/RT= -5.30270149E+03

4} Total Diagonal Inveresions a5
P

%1 Total Stoichiometric Reoptimizations 10
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.QUT”

Appendix N:

Sample Output File “Np_NaCl_BM_LOG.OUT”

{ INPUT file name is Ul: [SCEABB,FMT.USERGUIDEINF NACL_HM_LOG.IN:1
INGUESS file name is Ul: [SCBABE.FMT.USERGUIDE)NP_NACL_BM_LOG . INGUESS::
} QUTFUT file name is Ul:[SCBABR.FMT.USERGUIDE]|NP_NACL_BM_LOG.OUT;1

file name is ULl: [SCHABB.FMT.USERGUIDE]FMT_HMW_NF_AM.CHEMDAT: 1
Temperature is Hard Coded as 298.15K

Benchmark TITRATE Problem, LOG10 cption; MNpi{Vi02 with C03 in 5.61molal NaCl
{ DATRBASE: HMWB4/FWE6; Np(V)-Na-COi-OH-Cl-Clod (NRIS);

% 95.01.31 Am(IIT}-Ne-Cl-CC3-504-FC4 (FPRSR®9, FRFY0, P91, RFFR9Z, RFF94, RRFFI4)

LR R R e b b L L T L L L T g
w+* ECHQ PRINT OF *CHEMDAT" FILE WOULD BE HERE **+
e SEE APPENDIX J bl

e e L Ly e R R L L A 22 a2 R L L T e T T T PR

TITRATION Prokblem:

-} Assigning all deltaly) to 0.1 m

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

Specifying VARIABLE POROSITY for TITRATION Problem

Aqueous Density is a Punction of Composition

RHOMIN £ile name is Tl:[SCEABB.FMT USERGUIDE ) FT_HMW _NP_AM.RHOMIN;1

L R T e R e L L L R e e A e e S L]

**+ TAELE OF MINERAL DENSITIES, XG/M"~3 WOULD BE HERE ***
b SEE APPENDIY L bl

L e L T aniatr S 2 T DL S R S R e T R e S R e R 2 S L L]

GRID BLOCK VOLIMES, in liters

Solution Parameters, Calculated

SOLUTION MASS
H2Q MASS

1306.07033309890
999, BEY265717486

grams
grams

1.00E+00 1.00E+D0  1.00E+00 1,00E+00 3I.CCE+00 1.00E+00 1.00E+DC 1.00E+00 1,00E+0D0 1 00E+00 1,00B+00 1,90E+00 1.0DE+00
1.00E+00 1.CO0E+0D
1.00E+00 1.0DE+Qd0 1.DDE+00 1.CGOE+00 1.008+30 1.QOE+00 1.Q00E+00 1.00E+DC¢ 1.00E+00 1.(0E+0C 1.00E+DG 1.00E+(0 1.00E+C0
1.00E+00 1.00E+00
1.00E+(G 1.00E+08 1.00E+00 1_GUE+0Q 1.00B+0% 1.DOE+00 1.00E+00 2. 0DE+DD  1.0DE+B0 1. DOE+D0  1.00E+00 1 00E+G0 1,00E+DD
1.00E+00 1.00E+80
R
4% # inversions for batch phlm 50
%7 1Benchmark TITRATE Problem, LOG10 option; Npl(V102 with CO3 in 5.6imelal Macl FMT v2.0Q
DATABASE: HMWB4/FWBS; Np{V)-Na-CO3-0H-C1-ClD4 (BR94);
95.01.31 Am(III}-Na-Cl-Q03-SD4-PO4 (FRSRS9, FRF90, P51, RFFRY2, RFFY4, RRFFI4)
Pressure= 1.00DCOE+0OD [=] ATHM Temperature= 2.9BE+02 [=] Kelvin
Elemental Abundances for Flash Problem
Tatal Moles Ag. Molality Ag. Molarity Ag. mg/liter
1.11017363E+02  1.11029658E+402  1.00100314E+02  1.00893107E+05 Hydrogen
6.15086815E8+01  65,15154934E+01  5.546013088E+01  S.B7328944E+05 Oxygen
5.61000000E+0Q 5.61062129E+00 5.05833276B+00 1.16289907E+05 Sodium
0.C000000DE+00  0.CO000000E+00  ©.0Q00DROOB+0O  0.C0000000E+DC Paotassium
D.DROQOODDE+CO  0.00000000E+00  0.00000000B+D0  O.00000CDGE+00 Magnesium
0.00C00000E+R] 0.00DGOJ00E+Q0 0. ¢0000000E+0D 0.0¢000000E+00 Caleium
1.61000000E+00 1.51017830B+00  1.45IE7838E+00  5.14663538E+04 Chlorine
0.000G0CO0E+00  0.000000DCE+OC  0.00000000E+00  ©.000Q0DCOE+00 Sulfur
2.00C00001E+00 2.00022150E+00 1.80332719E+00 2.165976298+04 Carbon
0.00C00D00E+00D 1.90900000E+00 0.000000MIETOD 0.00000000E+QD PosIon
0.000C0C0NYE+00  0.00000000E+00  D.0000CODOOE+)0  O.CDOQQQDDE+00 NegJon
4.00000000E+00 0.00000CDDE«OC 0.00000000E+30 0.000CDD00E+00  Air
0.0000000DE+Q0  D.00000000B+00  0.00DOCOOOE+(0  0,00000G00E+CD Boron
0.G00GJ000E+GT  0.00G0GG00E+00 0. 000G0000E+6a  G.0000GO0CE+00 Bromine
0.00000000E+0D 0.000DCO00E~DD 0.00000000E+00 0.900000000E+0¢ TracerEl
0.00G000Q0E+DD  0.000000C0E+00  0.000DOD0OE+G0  0.000000C0E+0D ThizV)
0.00DGAO00E«C0  0.00000000E+DD  O.DCO0JO0CE+OC  0.0C0DOCOOOE+00  2Am(1II)
0.0000C000E+00 0.0000D3GIE-DD 0.00600000E+00 0.00000000E+00  V(VI)
0.00000000Ev00 0.00000000E+00 0.000DD00E+HD 0, 00DDORDOE+DD  Np (V)
0.000G0000E~QC  0.000000H0B+00  0.0CCOQO00E+00  0.000GCOOOE+D0 C104-{EL}
0.000000C0E+QQ G. 09000000E+00 0.Q0000C00B+00 0.000D0000E+00 Phosphorus
0.0000000CE+O0 0. C0O000Q0E+0T 0. DDO000CCEY0D 7.00000000E+00 Electron
-2.22044605E-15 -2.22069196E-15 -2.00209336E-15  0.00CDDO00E+00 Charge
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Appendix N: Sample OQutput File “Np_NaCl_BM_LOG.OUT"
a5 TDS [g/ kgl 306.214981877726 g/kgH20
24
specified Sclution Density
DENSITY 1177.63607439302 kg/m™d = g/l
Solution Parameters Based on Specified Density
SOLUTICN VOL 1.1090610821956D liters
TOS 276.072326670473 g/1
Density based on TDS and NaCl solutions 1177.63607439302 g/l

Percent relative error vs NaCl density 0.00000000000000DE+000 &

#¥ TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name HMolality Activity Act Coef Tatal Moleg  Helaricy mg/licer Descriptar
RH20 WATER B.57464E-01 8,59843E-01 1.003 5.55025E+01 5.00446E+01 9.01564E+05
Ha+ Ma+ 5.61D62E+00 3.698E1E+Q0 0.6593 5.61000E+00 S.05B33F+00 1.16290E+05
Co3= £03= 1.99407E+00 4.09214E-02 2.0522E-02 1.95385E+00 1.7%77BE+00 1.078B4E+05
Ci- cl- 1.61018E+400 1.06477E+00 0.6613 1.610008+00 1.45184E+G0Q 5.14864E+04
HCO3- HCO3- 6,14734B-03 1.59044E-03 0.2587 §.14656E-01 5.54222E-03 3.38170E+02
OH- K- 6.14733E-03 4.86901E-02 0.7921 6.14665E~03 5.54221E-03 9. 42580E+01 2.00E-11
COZ {ag) CC2{aq) 2.36876E-0%  7.15913E-49 3.022 2.36850E~05 2.13559E-09 9.39868E-05  -2.12B-07
H+ H+ 2,39954E-12 1.7795%E-12 1.7416 2.39%27E~12 2.16334E-12 2.1B043E-0% -B.58E-08
Na3H(CO0312.2H2C Trona 0_DDOOOE+DG 1.00000E+00 1,000 0.0000CE+]0) n.00900E+00 0. 0D000JE+Q0 -1.578+00
HCliag)....... to.kitrate.acid.only 9.00C00E+00 0.00CU0E+0G 1.000 0.C000D0E+0D 0. 00000E+C0 0.00DHE+O0 -2.52E+02
to.titrate . base.only Q.00000E+DH 0.00000E+D0 1.g000 0.00000E+00 0.00000E+0D 0.00000E+D0 -2.92E+D2
Halite {.00DDGE+DD 1.00000E+0Q0 1.000 0. DON00E+R0 0.00000E+00 0. 0000CE+O0 -53.75E-0L1
. __ Nahcolite {t.00000E+00 1.00DG0E+0OD 1.000 Q.00000E+00 0.0C0000E+0D 0.000D0E+00 -1 _A3E+00
Na2C03 . TH20, Na2CO3 -Heptahydrate 0.000C0E+00  1.00CQ0E+00 1.000 0.C0000E+00  O.DOOQOE+CC  Q.000C0E+Q0  -2.51E-0L
Na2003 .H2Q, Thermonatrite 09,00000E4+00 1.00G00E+00 1.040 0.C0Q00E+DRD 0.00000E+DD 0.000C0E+00 -7.93E-01
Na2C03 . 10H20 Natron . 0000DE+J0 1.00000E+00 1.000 0.00000E+0DD 0.CcDODOE+0D 0.0000CE+40 -8_.30E-02
pel = -logim(H+)} = 11.6199
PH = -logla{H+1] = 11.7497
Osmotic Coefficient= 0.908418
Brguilibriam RH (%) = 85.9842B4
Ionic Strength (m} = 7.6046%5
Density, kg/md = 1177.64

NOTES: - Water "molality” is mole fraction H20 ir aguecus phase
- Gas "molality*" and “activity" are gas partial pressures
- "Descriptor* means:
*d3/RT/i01G for species with nonzerc concs, lconvergence criterion)
*Saturaticn Index for minerals, S5I=loglO{IAP/Ksp)
*logiO(activity) for agqueous species with very small concentrations
*logll(partiel pressure) for gases

Total G/RT= -6.42133776E+03

Reaction # 1 sldsum 2.00000000004000
This is a solid-only reactiom

shifting left by 4.64434654473256
calling makenmuv for allemorphic reactions
# inversions for batch pblm 75
1Benchmark TITRATE Problem, LOG10 option; Np{V¥)02 with C03 in 5.6lmolal Nacl FMT V2.0
DATABASE: HMWE4/FWEE; Np(V)-Na-CO3-OH-C1-Cl04 (MR94);
35,01.31 Am|III}-Na-Cl-CO3-504-P04 (FRSRBY,FRF2D, P91, RFFR92,RFFI4, RRFF94)
Pressure= 1.00000E+DD =) ATM Temperatures= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem
Total Moles Ag. Molality Bg. Molarity Ag. wy/liter

1.1101E363E+02 1.11017591E+02
1.0550BEB2E+02 5.55113597E+01
1.56100000E+01 5.6L057382E+00
0.00000C00E+00 0.000000C0E+00
0.00000000E+Q] 0.00000000E+00
¢. 00000000E+0D 0. 00D00000E+00
5.61100000E+00D 3.61096098E+00
0. 0CDDOONDEFLD 0. 00000000E+00
1.00000000E+01 €,12839261E-04
0.000000D0E+Q0 0. pe000000E+D0
0.00000000DE+00 G.00000000E+00
¢ . c0000000E+ () 0.00000000E+00
¢. 000900060E+0D L. poo00O0DE+DD
0. DJ00000CE+DD 0.00000000E+00
0.C000000QE+0D Q. 0000D000E+0D
0.00000000E+0C {.0000C000R+00
0.00C00000E+00 0.000000008+00
G.QOLCO00OE+00  B.20000000E+00
1.00000000E+02 §.12839261E-04
0. H0000000E+CD 0.00C00000E+00
0.0C000000E+00 0.000DE000E~DD
0.00000000E+DD 9.00000C00E+QD
~2.37316632E-15 -2.3T7314861E-15

.9383BHBGEE+0]1  1.00169020E+05 Hydrogen
.96942389E+01 7.95078006E+05 Oxygen
.02263316E+00 1,15469181FE+05 Spdium
0000DO00G0E+0D  0.00000CDOE+DD Ppotassium
.00000000E+DD 0.000000C0E+00 Magnesium
00000CDAE+F0OD 0.C000000DE+0C  Calcium
.D2297975E+00  1.78079701E+05 Chlorine
.00000000E+00  ©.D000ORDOE+0O0 Sulfur
.4B618B92E-04 6.50946152E4+00 cCarbon
.00000DCOE+CO  0.00DOQQOODE+00 PosIon
-QCGO0Q0DOCE+0D 0.004G0000B+00 NegIcn
.0000DDCYE+DG 0._000000C0E+D0 AST
.0DODODDOE+DD 0. 0000OODDE+O0 Borom

. 00000000E+0OD 0.00000000E+00 EBromine
.00CDOOOOE+E0  C.000000D0E+OC TracerEl
.0000DQO0E+OQ  0.00000Q00E+0C Th{IV)
.0C000000E+0Q 0.00000D00E+D0  Am(III)
.0pEoDOORELCD &, 00000000R+DD  UIVI)
48618B92E-04  1.30049121B+02 Np(V)

. 00000000E+CD 0.08000000E+00 Cl04-(EL)
CooR0000E+QO 0.000000C0E+DD FPhosphorus
.000DGA00E+DD 0.00000000E+00 Electron
.12446380E-15  0.DOO0COGIE+00 Charge

NMNoOCoUooOoOQDoIoCOUoWMODo QNG o



*Saturation Index for minerals,

8I=10gl0(IAP/Rap)

*loglhiactivity) for agquecus species with wvery small concentrations

*1og10(partial pressure] for gases
Total G/RT= -1.33323034E+04
Flashing Titration # 1
# inversions for batch pblm 11

1Benchmark TITRATE Problem, LOG10 option; MNp({V)02 with €03 in 5.61molal NaCl
! DATAEASE: HMWE4/FWS6; Np(V)-Na-CO3-0OH-Cl-ClO4
Em(IIT)-Na-Cl-C03-S04-PO4
1.00000E+00 (=] ATM

95.01.31
Fressures=

(MR34}) ;

{FRSRA9, FRFYQ, P91, RFFRI2 ,RFF94,RRFF34)

Elemental Abundances for Flash Problem

Total Moles

Ag. Molaliky

Ag. Molarity

Temperature=

2.98E+02

Ag. mg/liker

[=] Kelvin

3.85857174E+01 1.11017531E+02 %.93R33860E+0L 1.00169020E+05 Hydrogen
3.66707638E+01 5.55113597E+01 4.96942359E+01 7.95078006E+05 Oxygen
5.42543623E+00 5.61057382E+Q0 5.022631316E+00 1.15469181E+05 Sedium
1.000CC0O0E+QDQ 0.00000C00E+Q0 0.000CO000E+00 0.0000C0000E+D0  Potassium
4.00000000E+00 0.00000000E+Q0 4.00000000E+00 C.000CC000E+0] HMagnesium
. 00000000E+Q0 0.000000C0E+00 . 00000000E+00 0.0000C000E+00 Calcium
1.95016501E+00 5.61096093E+00 5.02297975E+00 1.78079701E+05 Chlarine
0.40000000E+Q0 0. C0000000E+30 G¢.00000000E+00 0.00000000E+00 Sulfur
3.47561578E+0Q 6.12839260E-04 5.48518392E-04 §.58946151E+00 Carbon
0.00000000E+(0 0.0C000000E+DD 0.CCON00C0E+0D 0.00000400E+30  PosIon

0. 00000000E+00 0.00000000E+0CD 0.000Q0000E+00 0.00000000E+00 NegIon

G, 00000000E+00 0. 00000000E+00 0.00000C0DOE+0D Q0.00000C00E+0C Air
C.0O0000000E+DD 0.00000000E+1Q 0.00000004E+00 0.000000C0E+00 Eoron

0. 00000000E+CD 0.00000000E+00 G.000000CCOE+0D 0.00000000E+00 Bromine
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Appendix N: Sample Cutput File “Np_NaCl_BM_LOG.OUT”
Solution Parameters, Calculated
SOLUTTION MASS 1328.11614865142 grams
H20 MASS 1000. 00695466819 grams
TDS{a/kg) 328.106312108529 a/kgH20
Specified Scolution Density
DENSITY 1188.93254605477 kg/m~3 = g/1
Sclution Parameters Based on Specified Density
SOLUTION VOL 1.11706602116201 liters
TDS 293.724084134187 g/l
Density based on TDS and NaCl solutions 1188.93254605477 g/l
Percent relative error vs NaCl densitby 0. 0000000000000G0E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity my/liter Descriptor
H20 WATER 8.31822E-01 7.77952E-01 0.9352 5.550%1E+01 4.96918E+01 8.95208E+05
NaMp02C03 (s) NaNp02C0d {s) 9.99932E+00 1.00000E+00 1.000 9.99935E+00 8.95147E+00 3.15133E+06
Ccl- Cl- 5.61096E+00 5.2932%E+00 0.9434 5.681100E+00 5.02298E+00 1.78030E+0D5
Na+ Ma+ 5.61957E+00 5.29268E+00 0.9433 5.61061E+Q0 5.02263E+00 1.15469E+05
NpOo2+ KpC2+ 6.12705E-04 1.21978E-03 1.991 5.12705E-04 5.48499E-04 1.47572E+02
o2 {aq) CO2 {ag) 3.86103E-04 1.12115E-03 2.904 3.8610EE-04 3.45643E-04 1.52117E+0L1
HCO3~ HCG3 - 2.26571E-04 8.38810E-05 0.3702 2.26573E-04 2,0282%E-04 1.23760E+0DL 4.26E-09
NpO2C03- NpQ2C03 - 1.33526E-07 2.42971E-07 1.820 1.33529E-07 1.19534E-07 3.93334E-02 -1.9%E-11
H+ H+ 1.21872E-06 4.78095E-06 3.923 1.21873E-06 1.09101E-06 1.09962E-03 ~-4.33E-08
Co3= ce3= 3.09304E-08  8.03342E-10 2.596BE-02  3.093BEE-08 2.76963E-08 1.66203E-03  -1.62E-G7
OH- CH- 3.01685E-09 1.63977E-09 0.5435 3.01687E-09 2.70071E-09 4.59318E-05 2.55E-08
NpOZOE (aq) NpO20H{aq) 7.72186E-10 7.7218€E-10 1.000 7.72191E-10 6.91267E-10 1.,977408-04 1.87E-07
Np02 (CO3) 2=- HpO2 (C03) 2=~ 1,968384E-11 5.13354E-16 2.5877E-05 1.98385E-11 1.77595B-11 6.90960E-06 -1.62E-07
NpO02 (OH) 2~ NpO2 (CH) 2- 2.04382E-16 6,10703E-17 1.2988 2.04383E-16 1.829€4E-16 5.54494E~11 2.13E-07
NpO2 (C03) 3==- NpO2 (CO3) 3==- 1.25197E-16 9.87896E-26 7.8908E-10 1.25198E-16 1.12077E-16 5.03310E-11 -3.23E-D7
NpC20H(aged)___ NpO20H(aged) 0.00000E+00 1.00000E+Q0 1.000 0.000D0CE+00 0.0000CE+00 0, 0D000E+00 -2.3BE+D0
MaCH{ag)......to.tikrate.base.only 0.C00Q00E+0D 0.00000E+00Q 1.000 0.00000E+00 0.00000E+00 C.00000E+0C  -2.99E+02
HCl{aq)....... to.titrate.acid.only 0.00000E+30 0.00000E+D0 1.000 0.0000CE+00 0.0000CE+00 0. 00000E+0D -2.45E+D2
NalNpO2 (CO3)2{s)_DISRELED_DISABLED 0.00000E+00 1.0000CE+00 1.000 0.00000E+00 0.0000CE+00 0. 00000E+00 ~9.36E+D2
NaCl Halite 0.C0000E+00 1.00000E+00 1.000 0.00000E+00 0.00000E+Q0 0.00000E+0C -1.23E-D01
NaHCQO3____  HNahcolite 0.C0000E+D0 1.00000E+00 1.000 0.000CQE+00 0.00000E+QQ 0. COA00E+OD -2 .93E+00
Na2C03.10H2Q Natron 0.C00QJE+00 1.00000E+34Q 1.000 0.00000E+Q0Q D.0000C0E+d0 0. C0Q00E+Q0 =7 .91E+00
Na2CQ3.7H20____ NalC03-Heptahydrate 0.CHO00E+DD 1.{{000E+00 1.000 0.00000E+00 0.00000E+0Q 0. C0000E+00D -7.95E+00
Na2C03 .H2Q, Thermonstrite 0.00000E+00 1.00000E+00 1.000 0.000C0E+(0 0,00000E+QQ 0. C0O0J0E+DO -B.24E+00
Na3H{C0312.2H20 Trona 0.00D300E+DD 1.00000E+040 1.000 . 00000E+Q0 0.00000E+00 0.C0000E+00 -1.02E+01
NpQZ0H { amox) NpO20H (amor ) 0.COO00E+0D 1.00000E+00 1.000 C.00000E+Q0 C.00000E+00 0., 00DOOE+OD -2.98E+00
prH = -log[m{H+}1 5.9141
pH = -logla(H+}] = 5.3205
Osmotie Coefficient= 1.241871
Equilibrium RH (%) =  77.795863
Tonic Strength (m) = 5.611188
Density, kg/m? = 1248.93
NOTES: - wWater "molality" is mole fraction H20 in agqueous phase
- Gas *molality” and ‘activity“ are gas partial pressures
- "Descriptor® means:
*dG/RT/1Inl0 for species with nonzero concs. {convergence criteriom)
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
C.00000000E+00  0Q.000C000QE+0C  0.00CDOOQQE+DD 0. {000Q0000E+00 TracerEl
0.00000000E+D0 0, 00000000E+00 0.00000G00E+CD 0.0C000000E+00 Th(IV!
0.00000000E+00 0.00000000E+00 Q.00E00000E+00 0 ,00000G00E+00 Am({III}
0.90000000E+Q0 0.00000060E+00 0.000C0000E+00 0. 0Q0DDLAOE+CO  U{VI)
3.47561578E+00 6.12839260E-04 5.486108928-04 1.3004%121E+02 Np{V)
0.00000000E+00  O,Q0Q0CCDOE+Q0 O _Q0OCDO0QE+DD  0.40000000E+00 ClO4- (EL}
Q.0000C000E+00 0. DDO00000E+DQ 0,0000000DE+Q0 0.00003000E+00 Phosphorus
.000000C0E+00 0. c0000000E+00 G.30000000E+00 0,000000Q0E+10 Electron
-6.94525850E-16 -1_99826754E-15 ~-1.78886601E-15 4.00C000G00E+D0  Charge
Solution Parameters, Calculated
SOLUTION MASS 461.602144251012 grams \
H20 MASS 147.56399506895€ grams
TDS (g/kgl 328.106912108175 g/ kgH20
Specified Solution Density
DENSITY 1188.93254605459% kg/m*3 6/l
Solution Parameters Based on Specified Density
SOLUTION VOL 0.38B249228926247 liters
TDS 293.7240841339303 g/l
Density based on TDS and NaCl solutions 1188.%3254605452 g/l
Percent relative error vs NaCl density 0.00000000000C0000E+D00 %
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
- H20 WATER 8.31822E-01 7.779559E-01 0.9352 1.92928E+01 4.96918E+01 8.95208E+05
MaNpo2C03 (sl NaNpO2C03 (=) 9.99932E+00 1.00000E+00 1l.o000 3. 47540E+00 8.95147E+(30 3.15132E+06
cl- cl- S.61095E+00 5.2932%E+00Q 0.9434 1.95017E+00 5.02298E+00 1.780BJE+QS
Na+ Na+ S.61057E+00 5,2%268E+D0 0.9431 1.95003E+00 5_02263E+00 1.15469E+Q5
HpO2+ NpOZ+ 6.12705E-04 1.219788-03 1.991 2.12954E-04 5.48499E-04 1.47572E+02
CO2 (ag} £02 (aq) 3.86103E-04 1.12115E-03 2.904 1.34196E-D4 3.45643E-04 1.52117E+01
HCO3- HCC3- 2.26571B-04 8.38810E-05 0.3702 7.B87481E~D5 2_DZB29E-C4 1_23760E+Q1 -6.17E-15
H+ H+ 1.21B72E-06  4.7B095E-06 3.g923 4.23582B-07  1.09101B-06  1.09%62B-03 6.17E-15
NpQ2C03 -+ NpQ2CO3- 1,33526E-07 2.429718-07 1.820 4 .64090E-08 1.18534E-07 3.93334E-02 1.658-14
€o3= co3= 3.09384E-08 B.03343E-10 2.5966E-02 1.07531E-08 2.76963E-08 1.66203E-03 0. DOE~+00
CH- OH- 3.01635E-09 1.63977E-09 0.5435 1.04855E-09 2.70071E-09 4.593158-05 -6.17g-15
NpG20H [ ag) NpO20H (ag) T7.72186E-10 7.72186E-10 1.000 2.63384E-10 6.91267E-10 1.97740E-04 0.00E+00
HpO2(Q03)2=- Npd2 (C03) 2=- 1.98384E-11 5.13355E-16 2.5877E-05 6.89511E-12 1.77595E-11 6_90960E-06 a.00E+G0
NpO2 (QH) 2~ HpoO2 (OH) 2- 2.04381E-16 6.10703R-17 ©.2988 7.10356E-17 1.82964E-16 5_.54494F-11 1.23E-14
NpOZ2 (CO3) 3==- Npo2 {CQ3) 3==— 1.25197E-16 9.B7897E-26 7.§908E-1d0  4.35i39E-17 1.12077E-16 5.03310E-11 -3.53E-1if
HCllagl....-.- to.titrate.acid.only 0. 00000E+00 0.00000E+CO 1.000 0. J0000E+Q0 0.90000E+00 0., 0000GE+0Q -2.45E+02
NpO20H (aged) MpOZOH (aged) 0.00000E+00  1.000D00E+0D 1.000 0.00G000E+00  0.0QGO0E+0C  O.Q0COOE+Q0  -2.38E+00
NpO20H (amor) NpQZ2OH {amor } 1.00CODE+DD 1.00000E+DD 1.000 0_00000E+D{ 0._00000E+0D 0_00000E+a0 -2.98E+00
MaOH(aqg) . .--.. bo.titrate base.only 0. 0000DE+0C 0.0000CE+Q0D 1.o000 9.00GI0E+00 J.0000CE+OC G. 0R0CDE+OG —-2.99E+02
WalNpO2 (CC3 ) 2(s) _DISABLED DISABLED 0. 0000DE+00 1.00000E+00 1.o08 0.00000E+00 0.000DCE+00 0.00000E+DG -9.36E+02
NaCl — Halite 0.C0000E+00 1.00000E+00 1.000 Q,000G0E+QQ 0.000D0E+QQ 0. DOO0OE+DD ~1.23E-01
NaHCO3 Nahcolite 0.DCOJ0E+NQ 1.00000E+G0 1.000 G .0000DE+00 . 00000E+00 0_D0000E+OD ~2.95E+00
Wa2C03 . 10H20 Natron 0.00000E+00 1.00000E+00 1.a0c 0.00GO0E+d0 0.00000E+a0 0. 00000E+00 -7.91E+00
Na2C03,7H2C___Na2CC3-Heptahydrate 0.00000E+00 1.00000E+00 1.000 0.30000E+00 0. 9Q000E+D0 0. 00DAAE+00 -7 .95E+00
Na2C03 .H20, Thermonatrite Q.00000E+00  1.00000E+00 1.000 0.00000E+00  0.00000E+0C  O_00000E+0Q  -8.24E+00
Ma3H{C01)2.2H20 Trona 0.0C0DOE+CD 1.000Q0E+0D 1.000 0_0Q000E+DD 0_00000E+DD {4.00000E+a0 -1.02g8+01
poH = -loglm(H+)} = 5.9141
pH = -log(a{H+)] = 5.3205
Csmotic Coefficients 1.241671
Equilibrium RH {%) = T7.735883
Ionic Strength (m) = 5.611184
bBensity, kg/mi = 1188.93

NOTES: -~ wWater "molality is mele fraction H2¢ in aquecus phase

- Gas *melality" and "activity" are gas partial pressures

- 'Descriptor* means:
*AG/RT/1nl0 for species with nomzero cones. (convergence <¢riterion)
*Saturation Index for mineralsz, SI=ioglG(IAP/Kspi
*loglO(activity! for aquecus species with very small concentrations
*loglD (partial pressure) for gases

Total G/RT= -4.633796L3E+3a3
Flashing Titraticn # 2
# inversions for batch pklm

13

33% 1Benchmark TITRATE Problem, LOG10 option; Np(V)02 with C03 in 5.6lmolal MaCl  FMT V2.0
i DATABASE: HMWG4/FWRS; ND(V)-Ne-CO3-GH-C1-Clod INRSd):
95.01.31 Am{III)-Ma-C1-CO3-S04~P04 (FRSRBS,FRF9D, P91, RFFRY92, RFF24, RAFFI41
Pressure= 1.00000E+00 (=] ATM Temperature= 2,98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Aq. Molarity Aqg. mg/liter
31.85957275E+01 1.11017748E+02 9.93891116E+D1 1.D017428EE+05 Hydrogen
3.667630948+01 5,55107303E+01 4.969627231E+01 7.95110540E+05 Oxygen
5.42594205E+00 5.610141085E+00 5.02250278E+00 1.15466183E+05 Sodium
0.0000C000E+00  D.A00000GOB+J0  0.0000CO00E+00  ©.DOO00COOE+O0 Potassium
&2 0.00000DDDEXDO  0.0HD0QO0DEFD0 0. O0DOOODOE+DD 0. DH0000COE+OC Magnesium
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Appendix N:  Sample Output File “Np_NaCl_BM_LOG.OUT"
0.00003000E+DD .000000DOR+00 9 .00000000E+DD 0.000Q0000E+Q0 Caleium
1.95031318B+00 5. 60993114E+D0 5. 02231483E+00 1.780%6128E+05 Chlorine
0.00000000B+00 0. 00000000E+00 0. CCDOGUOGE+DD ¢.00000000E+0C  Sulfur
3.47579611E+00 6._90932337E-04 6.18560128E-04 7.42952570E+G0 Carban
0.00000900E+DD 0.00000060E+00 0.00000000E+00 Q.0DGO000DE+00 FPosIon
0.000HI00QE+DD 1. 00000DDOE+A0 ©.00000000E+C00 0.00CR0000E+00 Neglon
0.00000000E+00  0.00000DCOE+D0 0.00000000E+00 0.00000000E+D0  Adr
4,00000000E+00 @.00000000E+00 ©.00000000E+0D 0.00000000E+00 Baron
0. 0900000GE+0D 0. 00 0000D0E+0D 0. 00000000E+00 0.0000000DE+00 Bromine
0.00000000E+00 0.00DOC000E+DD 0_00000000E+Q0 0.00000000E+GG TracerEl
0.00000Q00E+00 0.0000DOO0E+0D 0._00C00000E+DO ¢.00000600E+00 Thi{IV]
G. 000TGA000E+0D 0._00009000E+DD 0.CDOQ0000E+Q0 {.00000000E+00  Am(III)
0.00004000E+0C 0.00000030E+00 Q.00003000E+0Q 0.00000000E+DG  U{VI)
2.47561579E+00 1.72218651E-04 1.54179484E-04 3.65479691E+01 NpiV)
Q.00000000E+00 0. d0300000E+00 {1 .00000080E+0D 0.000Q000HE~X00 Clo4- (EL)
0.(0000000E+(0 0._0D600000E+DD 0. 0000I900E+d0 0, 6G0000GGE+O0 Phosphorus
0. 00000Q00E+DD 0.000000CQE+DD Q.000DG000E+D0 0.00000000R+00 Electron
_7.46B06759E-16 -2.14813422E-15 -1.92312435E-15 0.0000Q00DE+Q0 Charge
Solution Paramecers, Calculated
SOLUTION MASS 461 665999517224 grams
H20 MASS 347.653675845716 grams
TDS{g/kg) 327.9479B8724253 g/xgH20
Specified Sclution Density
DENSITY 1188.85111278691 kg/m~3 = gfl
Solution Paramecers Based on Specified Density
SOLUTION VOL 0.38B329534508870 liters
TDS 293 .59631B853100 g/l
pensity based on TDS and NaCl solutions 1188.85311378691 g/l
Percent relative errar vs NaCl density 0.,000000000000000DE+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Holality Activity Aot Cosf Total Moles Molarity mg/liter Descriptor
H20 WATER 8.31845g-02 7.78011E-01 €.9353 1.92978E+01 4.96944B+DL 5.952Z54E+05%
WaRpO2C03 {s} NaNpO2Co3{s) 9.99718E+30 1.004000E+00 1.900 3.47556E+00 8.35002E+00 3.15082E+06
Ha+ Ha+ 5.61014B+00 5.28140E+00 0.93432 1.95039E+00 5.02230E+00 1.15466B+05
Cl- cl- 5.60993E+0D 5.29139E+0D 0.9432 1.95031E+00 5.02231E+00 1,7B0S6E+05
HCO3- HCO3- 3.82212E-D4  1.41513B-04 0.3702 1.12878E-04  3.421T7E-04  2.0B78TE+OL
coz (aq} COZ (8q) 3.08476E-04  0.95671E-04 2.904 1.07243B-04 2.76165E-04  1.21539E+01
NpO2+ NpO2+ 1.72085E-04  3.42481E-04 1.990 5.9825BE-05  1.54059E-04 4.14432B+01  -1.64E-12
H+ R+ 5. 771346E-07 2.26410E-06 3.922 2.00716E-07 5.16872E-D7 5,.20955E-H4 -1,59E-11
NpD2C03- NpO2C03- 1_.33572E-D7 2.43030E-07 1.819 4.64370E-08 1.19581E-D7 2.93490E-02 ~2.47E-14
Co3= C03= 1.10196BE-07 2.86188E-09 2.5971E-02 3.83099E-08 9.86531E-08 5.92010E-03 2.55E-11
OH- €.37029E-0%  3.462B2E-09 0.5436 2,21466E-0% 5.70303E-09 9,69932E-05 1.64E-11
NpO20H i ng) NpO20H (ag) 4.57851E-10  4.57851E-10 1.000 1.59174E-10 4.09893E-10  1.17252E-04  -1.01E-1}
Hpo2 (C03 ) 2=- HpO2 [CO3 ) 2~- 7.06677E-11 1.82925E-15 2.5885E-05 2.45679E-11 6, 32656E-11 2.48144E-05 2.85E-11
WpO2 (CO3) 3==- NpO2Z (CO3) 3mn- 1.5B546E-15 1.25406E-24 7.9097E-10 5.51192E-16 1.41939E-15 £.3T413E~1D -8.77E-11
NpO2 {0H) 2- NpQ2(OH)2- 2.55903E-16 7.64679E-17 0.2988 8,89657E-17 2.29098E-16 £.94309E-11 5_38E-12
Na3H{C03}2, 2820, Trona . 00000E+Q0  1.00000E+00 1.000 0.00000B+00  0_DDOOOE+00  0.DOODOE+DG  -9.40E+D0
: Na2CD3 . H20 Thermcnatrite 0. 0Q000E+00 1.0000DE+00 1,900 0.00000E+00 ¢.0000DE+C0 0.D00O0E+OD ~7.69E+DD
¢+ Ra2COD3.7H20_ NaZCO3-Heptahydrace 0.D0000E+00  1.0CO00E+G0 1.000 D.0000DE+90  0.00COOE+DD0 O .000CCE+Q0  -7.4QE+00
Na2C03 . 10H2O — Natron 0. 0DAGOE+DD 1.00300E+00 1.000 G.00000E+GY a.0GG0aB+00 0. 0Q00DE+DD -7.3EE+0D
¥ NaHCO3 Mahcolire Q.0C000E+00 1.0C000E+OD 1.000 0_00Q00E+0C0 0.00000E+00 0.00000E+Q0 ~2.72E+0)
HaCl Halite 0.000GDE+0C  1.000DOE+00C 1.c00 Q.00000E+Q0  0.QO00DBE+00  0,DOGOOE+OD  -1.23E-01
Na3Np02(C03)2 (=} DISABLED DISARLED 0.00000E+00 1.Q00C0E+00 1._0c0 4,00C0DE+00 0.000008+09 0.00000E+DD -9.36E+02
NaoH{ag) ...... to.titrate,base. only C.Q0000B+00 0.00Q00E+30 1.000C 0.000C0E+(0 0.00000E+DD 0.00CDUE+QD -2.98E+02
NpO2CH{amoxr)______ . NpO20H [@mor) 0.00000E+DD 1.00000E+00 1.000 0_00000E+D0 ¢.H000QE+BD .00000E+0G =1_21E+00
NDO20H(aged) . NpO20H(aged} 0.0DODOR+CO 1.00000E+00 1.060 T .0003GE+OD &.00D20E+00 D.DDOOQE+DD -2.61E+40
HCliaqg) -...... to.citrate.acid.only 0.00QDDE+00 0,0000CE+J0 1.000 0,00D00E+D0 0.00D00E+0D 0.00CHIE+GD -2.45E+02
peH = -log(miH+)] = 6.2386
pH = -logl{a{H+)] = 5.6451L
Osmokic Cosfficient= 1.241740
Bquilibrigm RH (%} = 77.801108
Ionic Strength (m) = 5.610314
Density. kg/m3 = 1188.85

NOTES: - Water *molality” is mole fraction H20 in aquecus phase

- Gas "molality" and "activity" are gas partial pressures

- "Descyiptor® means:
+3G/RT/1n10 for Specims with nonzero concs. (convergence eriterion)
+Jacuration Index for minerals, SI=logll[IAP/Kgp)
*1ogl0{activity} for aguecus species with very small cemcentrations
*logl0(partial pressure) for gases

Total G/RT= -4.63438031E+03

Flashing Titration #

# inversions for batch pblm 22

1Benchmayk TITRATE Problem, LOGLO option; NWp(V)02 with CO3 in 5.61lmolal NaCl

DATABASE: HMWEB4/FWB6; Np(V)=-Na-¢03-OH-Cl-ClO4 (NR34};

95.01.31 AmM(I11}-Na-Cl-CO3-504-P04 (FRSRA9, FRFI0, P91, RFFR92, RFFJ4, RRFFI4}
Pressures 1,00000E+G8 {«} ATM Temperature= 2_98E+D2 =} Kelwvin

FHT V2.0
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Appendix N: Sampie Output File “Np_NaCl_ BM_LOG.OUT”
Elemental Atundances for Flash Problem
Tatal Moles Ag. Molality Ag. Molarity Ag. mg/liter
3_85999827E+01  1.11017943E+02  9.93906557E+01  1.D0175842E+05 Hydrogen
3.667B6675E+01 5.55109442E+01 4.9697D0338E+01 7.9512368284+05 Onoygen
5.42615710E+00 5.61002979E+00 5.02247225E+00 1.15465482E+4+05 Sodium
9.00000G0AE+Q0 0.00000000E+00 4J.000DGIQ0E+QD 0.00000G00E+B0 Pokagsium
0.00000000E+00 0.00000000E+00 4.00008000E+00 0.0J000DJ0E+DT  Magnesium
a.00000000E+00 Q,000000D0E+00 0.00000000E+30 0,0Q00CGDA0E+D0 Calcium
1.95037489E+00 5.60950015E+00  5.0219980BE+00  1.7804489%8E+05 Chlorine
Q.000000GDE+00  ©.00000000E+00  0.000000D0E+00  0.C0000Q00E+00 Sulfur
3.47587277E+00  7.90126088E-04  7.07373490E-04  B.49626299E+00 Carbon
D.000000008+00  ©.00DORCDOE+DE  0.0000000DE+D0  0.0DDDOUOOE+DD FPoslon
0.00000000E+GD 0_00000000E+00 0.0DC00ODDE+QD ¢.0000D0Q0E+00  NegIon
0.D00JQ0D0E+DC 0.00000000E+0D 0. gQ0000C0E+CD 0.0C000D0DE+0D Aiy
0.0DCOO000E+DC  0,00000000E+C0  D.00000000R+CD  0.0DOOOOODE+O0 Boron
0.000ODO0DE+00  0.0DDROOOOE+GE  O.C00000DCE+OD  O.00G000D0E+00 EBromine
0.00000000E+0D0 0.00000000E+00 0.0000(HI0OE+O0 0.00000DO0E+0D TracerEl
0.00000000E+DD 0.000C0000E+DD 0.00G00000E+00 0. 0000000E+0D  ThiIv)
0.000D0C00E+00 0.0C000M00E+DD 0.00000000E+0D 0.0C000000E+00  Am(III)
0.00C00000E+OD  0.000C00Q0E+0C  0.CDOO00DCE+00  0.00000000E+00 U (VI)
3.47561578E+00  5.09860080E-05  4.55460697E-05  1.08203186E+01 Np(V}
0.00000000E+00  0.000000DAE+OD  O.DOCOOGOOE+OD O .00CDDJNOE+D0 ClO4-(EL)
G . 00000000EA+0D D.DC0O000DE+H) 3. 000000CGE+0D 0.00000000E+J0 FPhogphorus
©.CG0000000E+Q0 0.00000000E+CD 0. 000000DDE+OG 0.00000000E+0) Electron
-1.89281271E-15 -5.32890020E-15 -4.77078632E-15 0.0D0DQOQOE+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 461.702224245777 grams
H20 MASS 347.691387660720 grems
THS (g/ kgt 327.905264930832 g/xgH20
Specified Solution Density
DENSITY 118%.82922071351 kg/m*3 = g/l
Solucion Payameters Based on Specified Density
SOLUTION VOL 0.3883663155323863 liters
™8 293.562628954494 a/l
Density based on TDS and MHaCl solutions 1184.82922071361 gri
Percent relative error vs NaCl densicy 0.004000000000CD0E+D0D &
TABLE OF CONCENTRATIONS POR BATCH SYSTEM
4% Species Name Molaliky Activity Act Coef Total Moles Molarity mg/liter Descriptor
a5t
4% H20 WATER 8.31852E-D1  7.78030B-01  (.9353 1.92999E+01  4.96951E+01  8.9526TE+DS
4% NaNpO2C03 (s) NaNp02Co3 {s) 9.9%622E+00  1.0C0O0E+DO 1.000 3,47560B+00  B.94928E+00  3.15056E+06
3 Na+ 5.6LO03E+DQ 5.29080E+D0 0.9431 1.95056E+00 5.02247E+00 1.15465E+05
cl- 5_60950E+00 S.29073E+00 0.5432 1.95037E+00 5.0Z200E+049 1.78BD45E+05
HOO3- 5.79856E-04 2.14695E-04 0.3703 2.01611E-04 5.191258-04  3.16755E+01
o2 (ag} 2.09763E-04  6.09044E-04 2.943 7,29329E-05  1.87794E-04  8.2647BE+00
HpOZ+ 5.08519E-05 1.01191E-04 1.9%0 2 _76808E-05% 4.55260E-05 1.22486E+01 -9.95E=-12
Cco3= 3.72979E-07 §.6B710E-09 Z2.5972E-G2 1.29682E-07 3.33918E-07 2. D03BDE-D2 -1.22E-10
H+ 2.58813E-07 1.01480E-06 3.921 §.99871E-08  2.31707E-07  2_33537E-04 4.21E-11
Np0O2C03 - 1.33591E-07  2.43057E-07 1.819 4.64484E-08  1.19600B.07  3.93550E-02 -1.23E-14
aH- 1.42123E-08 7.72603E-09 ¢.5436 4.94149E-09 1.272318E-04 2.16397E-04 -8.04E-11
NpO2 {CO3) 2=- NpOZ (CO3)2=- 2.3%9201E-10 6.19248E-15 2.588BE-05  8.31683E-11  2.14149E-10 8.33180E-05 ~-1,14E-10
NpO20H {aq) RpO20H {at) 3.D1B26E~10 3. D1B26E-1G 1.000 1.04942E-10 2.70215E-1D T7.729628B-95 3.40E-11
Np02 {C03) 3==- NpO2 (CO3) Imx— 1.81540E-14  1.43698E-23 7.9155E-10 6.31199E-15 1.62527E-14  7.29866B-0%9  -3.65BE-07
NpO2 {OH1 2- NpD2 (OH) 2- 3.76383E-16 1.12471E-16 0.2988 1.30865E-16 3.36963E-16 1.02121E-10 -4,63E-21
Na3HICO3)2.2H20, Trona 0.00000E+DD 1._0CDOOE+QD 1.000 0.00000E+04 0.00000E+00 0.00000E+3) -8, 68E+00
NaZCO3.H20____ Thermonatrite 0.Q0000E+00  1.00000E+Q0 1.000 0.0DO0OE+D0  0.00000E+00  O.00DODE+DC -7 .16E+00
¥ Na2C03 . TH20 __ Na2CU3-Heptahydrate 0.00000E+Q0 1.0000)E+QD 1.000 0_00D0UE+00 0.0D0008+00 0. 30000E+D0 -6, 878400
Na2C03 . 10H20 MNatron . 00QQ0E+Q0 1.00000E+00 1.000 0.000G0OE+00 0.0DDDCE+QQ 0. GFOAOE+00 -6 .8IE+00
NaHCO3 =~ Nshcolite 0.Q0000E+00  1.00000E+0Q 1.000 (.000DDE+00  (.00000E+00  O.0C00QE«DD -2, S4E+D0
NaCl Halite 0.00000€+00  1.00090E+G0 1.000 £.00000E+00  ©,00000E+D0  O.DDQOOE+O0  -1.23E-01
Na3MpO2 (CO3)2{s}_DISABLED DISAELFD 0.00000E+00  1.00000E+D0 1.000 0.0Q000E+00  0.D0000E+0C  0.0DGGOE+00  ~9.35E+02
NaOH (mg) ...... to.titrate.base.only 0.000COE+DE  O.DOGOOE+00 1,000 0.00000E+00  0.00000E+G0  O.00DGOOE+00  ~2. 98E+02
NpCZ20H (amor) _______ NpOZ2OH(amor] 4. 0000GE+00 1.00000E+GD 1.000 0. 0D000E+DD 0. 00000E+DD 0. 0000OE+00 -3.39E+00
RpOZ20Hiaged)____  NpOZOH(aged} 0.00000E+DO 1.G00030E+CD 1.000 0. 40000E+00 0.90000E+00 Q.0000OE+00 -2.73E+00
HCllag)....... to.titrate.acid.only 0.00000E+00  0.DODDOE+OC 1.000 0.00000E+00  0_00000E+C0  0.00000E+00  -2.45E+02
} pmH = -log[m(H+}) = 5.587%0
PH = -logl{a{B+)] x 5.9938
Qsmoti¢ Coefficiene= 1.241681
Equilibrium RH (%} = 77.803013
Tonic Strength (m) = 5.6100B1
Densikby, kg/mi = 1188.83

NOTES: - Water *molality* is mole fraction H20 in aquecus phase

- Gas "molality" and "activity" are gas partial pressures

- "Descriptor" means:
*dG/RT/1nll for species with nonzero concs. [(Convergence criterion}
*Saturation Index for minerals, SI=1ogl0(IAP/Ksp}
*loglilactivity! for agqueots species with very small concenrrations
*logll{pareiel pressur=) for gases
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
4 Tatal G/RT= ~4.634B62770E+03
% Flashing Titration # 4
# inversions for batch pblm 14
18enchmark TITRATE Problem, LOG10 gption; Np(w)02 with €03 in 5.61molal NaCl  FMT V2.0
! DATABASE: HMW84/FWBG; Np{V)-Na-CO3-OH-CL-Cl0& (NR94};
95.01.31 Am(III)-Na-Jl-co3-504-PO4 (FRSR89, FRFY0, P91, RFFRY2, RFF94, RRFF54)
Pressure= 1.DGDOOE+00 [=] ATM Temperature= 2,98B+02 [=] Kelwvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Molarity Agt. mg/liter
3. 86060470EwDL 1.11018357E+02 9.93815452E+01 1.00176735E+05 Hydrogen
3.66820273E+01  5.55118409B+01  4.96981566E+01  7.55140637E+05 Oxygen
5.42546354E+00 5.61000023E+00 5.02247206E+00 1.15465478E+05 Sodium
C.COQ0000CGE+00  0.0CO00000E+00  0.0000DCO0E+DQ  D.COOVDDDOE+DR Potassium
G.000Q0000E+00  D.CC0Q00DDE+0)  &.000000GIE+00  0.C0000DDUE+D0 Magnesium
0.000000CDE+Q0 0.30000000E+00 0.00000D00E+DD 0.00000000E+00 Calcium
1.95046284E+00D 5.60BRIZB2E+DD 5.02148063E+00 1.78026553E+05 <¢Chlorine
0.00000000E+DD  0.00COOO00E+CE  ©O_CCOOQOOOE+00  0,Q0DDGHAOE+DD Sulfur
3.47598202E+00  1.05369370E-03  9.4334]1702E-04 1.13304772E+01 Carbon
D.DODROOODE+XDY  0.00DDOSDOE+OD 0. OOCOHOOOE+DD  ©.0000CDOOE+00 PosIon
0.00000000E+00 0.00000D0DOE+OD 0.0000D000E~DD 0.00000000E+00 NegIon
0.00000G00E+00  O.00000C00E+00  O0.0DRO0QQ00E+00  §.00000000E+00 Air
Q.000DDROYE+DD 0.00000DCOE+DD 0.000600Q0E+00 £.0000DCC00E+D0 Boron
0.00000000B+00  0.0000000CE+Q0  0,.0000C0Q0E+00  D.00000000E+DO  Bromine
0.000C0000E+00  0.0000000CE+00  0.0Q000C00E~00  0.0000000CE+00 Traceril
0.0000CCO0E+00  0.00000000E+00  0.0Q000000E+00  Q.0CDOO000E+00 Th(IV)
{.00000C00E+0Q 0.000000C0E+0D 4.00000000E+DD 0.00000000E+00  Am(IIT)
9.00000000E+00  C.00000000E+00  0,000CCODOE+0L  0.0000C0DDE+OD U{VI)
3.47561578E+00 5.D4731450E-07 4,.518715698-07 1.07115342B-01 HNpiV)
0.00000000E+0G  0.000C0Q00E+DE  0.CO000DDCE+CD  0.QDC0OO0OE+O0 Cloé- (EL)
0.0DC0J000E+DD 0.00000000E+00 0.00000000E+00 0.00000000E+00 Phosphorus
0.000C0000E+00  0,00000000B+00  0.00000000E+DA  O.000000DOE+00 Electron
-8.05334972E-16 -2.31587983E-15 -2.07334063E-~15 0.00000000E+00 Charge
Solution Parameters, Caleulated
SOLUTION MASS 461 7663838131816 grams
H2Q MASS 347.744715353115 grams
™S tgskg) 327.BB9U16696973 o/kgH20
Specified Sclution Density
DENSITY 1188, 82089442742 kg/m*3 = g/l
Solution Parameteys Based on Specified Density
SOLUTICN VOL 0.368423042459858 liters
TOS 293.549618380179 g/l
Densjity based on TDS and NaCl sclutions 11B8.82089442743 g/l
Percent relative error vs NaCl density 0.0000000000000D0E+000 %
TABLE OF CONCENTRATIONS FOF BATCH SYSTEM
Species Name Molality Activity Aot Coef Total Moles Molarity mg/iiter Descriptor
H2C WATER 8.31857E-DL ‘7.78B050E-01 0.9353 1.930298+D1 4.96953E+01 8.95271E+05
NaNpO2C03{s)_ . NanpO2C03 (s} 9.99473E+00 1.00000E+0D 1.000 3.47562E+00 3.94800E+00 3.150L1E+06
Na+ Na+ 5.61000E+00 5.29000E+00 0,.9430 1,.950B5E+0D 5.02247E+00 1.15465E+05
cl- ol 5.60889E+00  5.28995E+00  0.9431 1.95046E+00  5.0214BE+00  1.78027E+0S
BCO3- HCO3- 9.92660E-04  3.67543E-04 0.3703 3.45192E-04 8.8870DE-04  5.42259E+01
T CO3= £a3= 5.47888E-G5 1.47494E-06 2.5972E-02 1.97480E-05 5.03412E-905 3, D508SE+D0
o2 {ag) Co2iag] 4.03745E-06 1.17227E-05 2.903 1.4040CE-06 3.63461F-06 1.59078E-01 -4.23E-08
OH- OH- 1.26397E-D6  &.B7170E-07 D .5427 4.39540E-07  1.13160E-06  1.92454E-02  -9.18E-08
WpO2+ NpO2+ 3.34101E-07 6.64703E-07 1.930 1.16182e-07 2.99111E-07 8.04750E-02 1.79E-07
2 NpO2CQ3- NpQ2C03- 1.33613E-07 2.43094E-07 1.6813% 4_64631E-08 1.196208-07 3.93616E-02 3.21E-13
NpO2 {C03 2=~ Np02 {C03) 2=- 3.54205E-08 9.43001E-13 2 .58%2E-05 1.26650E-08 3.26062E-02 1.26859E-02 -~1.15E-07
H+ H+ 2.91065E-09  1.14100E-03 3.920 1.01216E-0% 2.605B2E-09  2.62641E-06 1.26E-07
Np02 (C03)3==- HpO2 (CO3) 3==- 4.20660E-10 3.33181E-19 7.9204E-10 1.46282E-10 3.76605E-10 1.69124E-04 ~2.16E-07
NpOzZQOH (ag) NpO20H (ag) 1.7633%E-10 1.76333E-10 1.000 £.13211E-11 1.57872E-10 4_51598E-05 ~2 .06E-08
NpO2 (OH) 2~ WMpO2 (OHj 2- 1.95583E-14  5.84438E-15 ©0,2988 §.801288-15  1.75100E-18  5.3D660E-09  ~1.50E-D7
Na3H{{C03)2.2H20, Trona 0.G0000E+DQ 1.00000E+00 1.000 0. 00000E+00 (. 00000E+00 0.0CDGAE~00 ~6.2TE+0D
NaZCO3 , H20 Thermonatrite 0. 00N0E+DO 1.00000E+0D 1.000 0. 00000E+00 0.00000E+0D 0.000008+00 ~4.98E+00
Na2C03 .7H20____Na2C03-Heprahydrate 0.0C000E+0D  1.CODOOE+CO 1.000 0.00000E+00  0.DOO0QE+0G  0.000DDE+G0  ~4.§9E+0D
Na2C03 . 10H20. Natron 0.00000E+00  1.000090E+00 1.080 0.CDO00E+CO  O.DDDQOE+00  O.000DOE+Q0  ~4.65E+00
MauCO3__ ~ _ Nancolite ©.00000E+0C  1.00000E+00 1.000 0.00000E+00  0.DDOOOE+0Q  D.COOQOE+00  ~Z.3L1E+(0
Nall Halite 0.0000DE+Q0  1.0000DE+00 1.00D 0.000DDE+00  0,0000DE+0Q0  0.00000E+00  ~1.23E-D1
NalNp02{C03) 2 {s) _DISABLED DISABLED 0.00Q00E+00  1.00000E+00 1.000 D.0U000E+00  ©.00000E+00  0.0ODOMIOE+OD  ~9,33E+02
NaOH{ag) ......to.Citrate base.only 0.DG000E+00 0.00000E+DO 1.900 0.0000DE+0D 0. 00000E+00 0.00000E+Q0 ~2.96E+02
NpQZOH(amorj__.___ Npd20H (amax | Q.GEHNOE+DE 1. BRRDUE+RY 1.000 0.00000E+D0 0, D00Q0E+DD  0.00000B+00  ~3.62E+00
NpO20H (aged} RpO20H (aged) 0.D0QD0E+0D  1.00000E+CO 1.000 0.00000E+D0  0.00000E+0G  0.00BDOE+00 -3, 03E+00
HCliagl.,..... to.titrate.acid.only Q.0CDDOE+OD  O.00000E+0D 1.000 0.00000E+00  0.00000E+00  Q.000DDE+O)  -2.47E+02
pioH = -log[m(H+}] = 8.5360
PH = -logla(H+)] = 7.9427
Osmotic Coefficients= 1.241601
Equilibrium RH (%] =  77.805C07
Ionic Stremgth (m} = 5.610057
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
Dansity, kg/m3 = 1188.82
NOTES: -~ Water *melality® is mole fractionm H20 in aqueous phase
~ Gas *molality” and *activity* are gas partial pressures
- "Descriptor" means:
*dG/RT/1nl0 for species with nmonzgro concs. (Canvergence critericn)
*Saturation Index for minerals, S$I=10gl0(IAP/Ksp]
*ioglllactivity! for agueous species with very small concentrations
*logld (partial pressure] for gases
Total G/RT= -4.63497997E+D3
Flashing Titration & 5
# inversions for batch pblm 16
1Benchmark TITRATE Problem, LOG10 option; Np{v)DZ with CD3 in 5.6lmolal Nacl FMT V2.0
DATABASE: HMWS4/FWEG; Np(V)-Na-CO3-0OH-Cl-ClGc4 (MNR94) ;
25.01.31 Am(III)-Na-Cl-CG3-504-PG4 (FRSR8Y,FRFS0, P91, RFFRY2, RFF94, RRFF94)
Pressure= 1.00000E+DD [=] ATM Temperature= 2,98E+02 [=] Kelwvin
Elemental Abundantes for Flash Problem
Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
3,861466891E+01 1.1101B3B83E+02 9.93917155E+01 1.00176910E+05 Hydrogen
3.6686E155E+01 5.55131%61E+01 4.9695344308+01 7.95161268E+05 Oxypgen
5.42690025E+00 5.61000156E+00 5.0224B064E+00 1.1546567SE+05  Sodium
0.00000000E+Q0 4.00000000E+0OC 0.G000000CE+D0 Q0.00000000E+00  Potassium
Q,0000C0H0E+OO 0.00000000E+Q0 0.00000000E+0D 0.00000000E+00 Magnesium
1.0000C000E+00 Q.00000GDOE+DO 0.00000000E+00 0.00C00000E+00 Calcium
L. 85458817E+G 0 5.60798516E+G0 5.02068735E+00 1.773384508+05 Chlorine
0.00000000E+0)  0.00C00000E+00  0.CDO0ODDOE+OC  0.00000000E+00 Sulfur
3.476137T1E+0D 1.50108527E-D3 1.34388050E-03 1,61413487E+01 Carbeon
0.0DG0OO00E+DD 0.0000C000E+D0 0.00000900E+00 Q.000000J00E+D0  PosIcn
. DOROOOQOE+LDD 0.D0DDLDDDEHDD 0. 00OC0ODDE+DD 0.00000ED0E+DD  WegIon
0. 00000000E+00 0_00000000E+30 C.00000DOE+0Q 0.000000DDE+DC  Adir
0.00000000E+CD 0.00C00000E+DD 0.00000000E+00 0.00000000E+00 Borom
0.0C0D0000E+DD 0.0000D000E+DD 0. 0400Q00C0E+OD 0.00000000E+00 Bromine
0.00000000E+0DD q.,0000C)00E+00 0.00000000E+00 C.0000C000E+C) TracerEl
0.000000G0E+00 G, G0O00ODDE+O0 0.000000Q00E+DD 0.00000000E+00 Thi{TV)
0.00000000E+00 0.00000080E+00 Q0.00CC0000E+00 0.00000000E+00 AmIIII)
0., 00000DCAE+O0 0.00000000E+00 0.00000000E+00 ¢.00000000E+00 U(VI)
3.47561578E+00 5.18420811E-07 4.64127943E-07 1.10020694E-¢1 Np(V)
4. 00000C00E+00 0.00000G00E+00 0.000000Q0E+D0 0.00C00000E+00  C1O4-(EL)
0.90000000CE+Q0 0. C0QU0000E+DD 0.00000CDDE+OD 0.00000000E+00 Phosphorus
0. D3000Q00E+QD 0.00000000E+00 0.00000000E+0Q 7.0C000000E+00 Electrom
-1.02828867E-15 -2Z.95636063E-15 -Z.608746862E-15 1.00002000E+D0  Charge
Solution Parameters, Calzulated
SOLUTION MASS 451 . 868060856175 grams
H20 MASS 347 .B22478666651 grams
TS (grkg} 327.88445021353¢8 o/ kge2Q
Specified Solution Density
DENSTITY 1188.81855435140 kg/m*3 = g/l
Sclution Parametexs Based cn Specified Density
SOLUTION VOL 0_388510138208740 liters
DS 293.545961799572 g/l
Density based on TDS and NaCl solutions 1185.81455435140 g/l
Percent relative error vs NaCl density 0.000000000000000E+000 %
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molaliey Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8.31R62E-01 7.78067E-41 9.9353 1.93072E+01 4.96954B+01 £8.95273E+05
NaNp0O2CO3 (5) NaNpozCoiis) 9.99250E+00 1.00000E+0Q 1.000 3.47562E+00 B.94601E+00 3.14941E+06
Na+ Wa+ 5.61DDOE+D0 5_2B9T1E+0D C.9429 1.95128E+00 5.02248E+00 1.15466E+05
Cl- <i- 5.60800E+00  5.28867E+00  {.85431 1.950598+00  S5.0Z2069E+DD  1.7759RE+05
BCO3- HCO3- 1.00903E-03 3.73572E-04 0.3702 3.50963E-D4 9_03356E-04 5.51202E+81
Co3= 3= 4.90717E-04 1.27445E-05 2.5971E-02 1.70E82E-D4 4.3%325E-04 2.63636E+01
OCH- QH- 1.07447E-05 5.84120E-05 0.5437 3.73726E-06 9.61946E-06 1.63601E-01 -4.53E-08
co2iaqg) o2 (ag) 4.B2702E-07 1.40153E-06 2.904 1.678%5E-07 4.32150E-07 1.90188E-02 -8.67E-08
WpO2 (CO3) 2=- Np02 (CO332=- 3.14571E-07  B.1485%E-12  2.5304E-05 1.09415E-07 2.81627B-07 1.0957iE-01 2.59e-08
NpC2C03 - NpO2C03 - 31.33830E-07 2.43107E-D7 1.81% 4.84794E-08 1.19635E-07 3.93686E-02 4.478-12
NpO2+ Np02+ 3.B6BO7E-0B 7.63314E-08 1.989 1.34540E-08 3.46298E-08 2.31704E-03 -2.12E-08
RpO2 {C03 ) 3==- Np02Z {C01) 3==~ 3.13656E-0D8 2.48770E-17 7.9312E-1D 1.09037E-0D8 2,B0B0O8BE-DR 1.26104E-02 4.49g-08
B+ H+ 3.4%512E-10  1.34216E-09 3.918 1.15134E-10 3.06642E-10 3.09064E-07 -2.55E-08
RpO20H { &g} NRO20H (aq) 1.73507E-10 1.73507E-10 1.000 6.03495E-11 1.53336E-10 4. 44344E-05 4.70E-09
Np02 (DH)2- NpO2 {CH) 2~ 1.63614E-13  4.88373E-14  0.2938 5,69085E-14  1.4647%E-13  4.43921E-D§ 2.99E-08
NalH(CO3)2.2H20 Trona 0. 00000E+00 1.0000GE+(Q0 1.000 ¢.0000DE+0Q0 £.00000E+0Q0 0. 06000E4+0D -5.33E+G0
NaZC03 . H2C Thermonatrite 0. 04000E+G0 1.00000E+00 1.000 0.000C0E+00 D.Q000CE+0J0 0. Cc0g0dE+J0 -4 . O4E+0G
Na2C03 . TH20, NalCo3-Heptahydrate 0.00000E+0D 1.00000E+00 1.000 ©.,00000E+00 0. Q0000E+DD 0.00000B+00 =3.75E+00
Na2COl.10H2C__, . _  Natron Q.000D0E+DD 1.00400E+00 1.000 0.00000E+Q0 0,Q0000E+00 0.00000E+00D -3.71E+CD
MapCO3__ =~~~ Mahcolite 0.00000E+0D 1.06000E+OD 1.9000 0. 040000E+00 0. DORO0E+00D 0.Q0CD0OE+00 -2.30E+00
Nacl Halite G.00000E+00 1,000G0E+00 1.06G6G J.00GGQE+QD &_00000E+80 2. 0p000E+G0 -1.24E-01
Na3Np02{C03) 2 (s)_RISABLED DISABLED ¢.0000DE+0D 1.0000QE+O0 1.000 0.00000E+00D 0.0000CE+00 0. 00000E+DD «~9_31E+02
NaOH(aqg)......te.titrate.base.only 0. 0Q00DE+Q0 €.0000DE+00 1.000 0.00D0DE+00 0.,00000E+00 0. 00000E+DD -2.95E+02
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT"
NpO20H {amor) NpC20H {amox} 4.00000E+00 1.00000B4+00 1.00a J. 00GJJE+0C 0.00G00E+DD 9.00000E+00 -3.63E+00
NpO20H (aged) HpO20H { aged) 0.00000E+00 1.00G00E+00 1.000 0.00000E+G0 0.C0000E+GE 0.00000E+0D -3.03e+n0
HCl{ag)....... to.titrate.acid.only 0.000B0E+DD 0.00000E+00 1.000 0.00000E+00 0. 0000DE+D] 0. DBCOOR+00 -2 .48E+02
PmH = -loglm{H+)) = %.4653
PH = -logf{a{R+)] = 8.B722
Osmotic Coefficient= 1.241539
Equilibrium RH (§) = 77.806749
Ionit Strength (m) = 5.610494
Density, kg/m3 = 11g4,.82
- Water "molality” is mole fraction H20 ip aquecus phase
- Gas "molality" and ‘activity* are gas partial pressures
- "Descriptor* means:
*dG/RT/1n10 for Species with nonzero copes. [convergence ¢riterion)
*Saturation Index for minerale, SI=loglo(TAP/Ksp)
*logll(activity) for AGUEDUS gpecies with very small concentrations
*logl0(partial pressvre) far gases
Tetal G/RT= -4.63548129E+93
/4% Flashing Titration # [
34 # inversions for baten pblm 17
- 1Benchmark TITRATE Problem, LOGLO option; Mp(VIOZ with CO3 in 5.6imolal Nacl  2Mr va, o
DATABASE:. HMWS4/FWH6; Np (V) -Na-CO3-CH~C1-C104 [NR34) ;
95.01.21 AM{III}-Na-C1-C03-504-PO4 (FRSkEB,FRFF(],PBl,RFFRQZ,RFFB'I.RRFFSd)
Pressure= 1.00000E+Q0 [=] ATM Temperature= 2.9BE+0Z [=] Kelwvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molalicy Ag. Molarity AQ. mg/liter
3.8£270051E+01 1.11018410E+0D2 9.93919460E+01 1.00177142E+05 Bydrogen
3.66336391E+01 5.55151239E+01 4.97012721E+01 7.951905331E+05 Oxymen
5.423752260E+00 5.61000344E+00 5.02249276E+00 1.15465953B+05 Sodium
8. 0O0J00000E+ 00 . 00GQ0060E+00 0.00000000E+00 0.00000000E+00 Potassium
0.00000000E+00 0.00000000E+00 9.00000000E+00 0.00D00000E+00 Magmesium
0.00000¢00E+0D Q4.00000000E+00 0.3000000CE+OD 0.00000000E+00 Caloium
1.95076679E+00 5.60672579E+00 5.015%55836E+00 1.77558403E+05 Chlorine
0.00G00000E+00 0.00000000E+DG Q. 0C000000E+00 0.00GC0000E+00 Sulfur
3.47635958E+00 2.13580634E-03 1.91481B68E-03 2.29988871E+01 Carbon
0.00000000E+00 0. 000000C0E+00 4.00000000E+00 .G.{J00000DOE+OC Foslen
1.00060000E+00 0. 00000000B«Q0 0.00000000E+00 0.0000C0U0E+00 Neglon
0.000D0000E+0D 0.00000000E+Da 0. 00000C00E+OD 0.00000000E+00 Air
0.00000000E+0DD 0. 00030000E+00 0.0000CD00E+GD 0.80000000E+00 Boron
0. 000000CCE+00 0.00000000E+00 0.000C0000E+DD 0.000CCDA0E+0Y Bromine
0. 00000000E+00 2. 0008000G0E+6a C.000000CCE+00 0.0C000000E+Q0 TracerEl
0. 00000D0DOE+QD 0, 00000000E+00 €., 00000C00E+00 C.GO000000OE+00 ThiIv)
0.00000G00R+00 0.00000009E+D0 0.0000000DE+00) 0.0D0O0000E+00  Am{ITT)
0.00000000E+0D Q0.000DG000E+( 0 0.0090000CE+0D 0.0C0000DGE+00  U{VT)
3.47561578E+00 1.02583551E-06 9.18404325E-07 2.17706052E-01 Np(V)
0. DOOOO0CDE+CD 0.00000000E+00 ©.00000000E+00 0.00000000E+D8  €104- (EL)
0.000000C0E+00 0.00000000E+00 0.0Q000C0Q0E+0D 0.00000000E+00 Phogphorus
4.000C000QE~+00 0.900000CCOE+QQ 0. 00000000E+DD 0.00000000E+00 Electron
-9.45337050E-16 ~2.71700630E-15 -2.43246632E-15 0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 462.013014691340 gy ams
H20 MASS 347.933330580302 grams
TDS {g/kg) 327.877993698107 g/kgH20
Specified Solutjon Density
DERSITY 1188.01524826657 kg/m"3 = g/1
Sclution Parameters Eased on Specified Density
SCLUTION VOL 0.388633149984603 liters
™8 293.54079577502% grsl
Density based on TDS and Nacl solutions 11823.81524824657 g/1
Percent relative error vs Nall density 0. 0000000000C000DE+000 &
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
HZO WATER 8.31870E-01 ?.78092E-01 0.9354 1.93132E+01 4_96955E+D1 8.95274E+05
NﬂNPO2C03{s)_..._NﬂNPO2CO3 (s) 3.98%31E+00 1.00030E+0Q 1.000 3.47562E+00 8.94318E+00 3.14841E+08
Na+ Na+ 3.61DPOE+0D  5.28832E+00 0.3428 1.35191E+30 5.02249E+00 1.15466E+40%
Ci- cl- 5.60673E+00 5.28679E+00 0.9429 1.95077E+00 5.01956E+00 1.77958E+0%
co3= CO3= 1.11398E-03 2.8%293E-05 2.5969E-02 3.87591E-04 %.57318E-04 5.9B8482E+01
HCO3- HCo3- 1.02256E-03 3.78536E-04 0.3702 3.55784E-04 9.15475E-04 5.58596E+0)
OH- OH- 2.406B4E-05 1.30873E-05 Q.543¢ BE.374]19E-06 2.15478E-05 3.686470E-01 -4.86E-019
NpO2{CO3) 2=~ HpO2 (CO3)2=- 7.13649E-07  1.84983E-11 2.5931E-05 2.48302E-0T7  6.38912E-07  2.48578E-D1 $.95E-09
COZ {ag) 02 (ag) 2,18328E-07 6§.33927E-07 2.904 7.59637E-08 1.95464E-07 8.602312E-03 -1.56E-08
NpO2COo3~ NpO2IC03- 1.33654E-07 2.43125E-07 1.819 4.65026E-08 1.13657E-07 3.9373BE-02 1.56E-172
NpQO2{C03)3==- NpOZ {003 ) 3==- 1.61312E-07 1.28193E-1¢ 7.9469E-10 5.61257E-08 1.44418E-97 6.48546E-02 1,97g-08
NpO2+ HpO2+ 1.70494E-08 3.38938E-08 1.988 5.93207E-09 1.52639E-04 4,10671E-03 -9.14E-09
H+ H+ 1.52979E-10 5.39129E-10 3.916 5.32265B-11 1,.36958E-10 1.3B040E-07 -1.97E-08
MpO20H (aqg) NpO2CH{ag) 1.712498-10 1.71249E-19 1,000 5.958338-11 1.53315E-10 4.38564E-05 1.06E-08
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Appendix N: Sample Output File “Np_NaCl_BM_LOG .OUT"
KpO2 (OH) 2~ KpO2 {OH) 2- 31.81806E-13 1.08035E-12 7.2988 1.25884E-13 3.23915E-13 9.81663E-08 3.03E-D8
Na3E(CC2}2.2H20 Trona C.Q0000E+00 1.00000E+00 l.0cn 0.00000E~00 {J.000DOE+00 0.00000E+00 -4 .96E+00
NalCO3.H20 Thermonatrite 0.00000E+00 1.00000E+00 1.000 0.00000E+0Q 0.0C0O0E+00 1. 00000E+D0 ~3_68E+00
Na2C03 . TH2Q Na2C03-Heptahydrate 0.00000E+00 1.00000E+00 1.000 0.00000E+CD 0.00080E+00 7.00000E+00 =31 ._35%E+00
Na2C03.20H20 Natron 4.00000E+00 1.00C00E+00 1.000 0.C0000E+G] 0.00000E+CD 0.000C0E+00 ~1.36E+00
NaHCO3 Nahcolite 0.00CCOE+00  1.0C000E+OD 1.000 Q.00000E+D0 0. 00000E+00  0.00CDOE+00  ~2.30E+00
NacCl Halire 0. 0DOLOE+DD 1.0PPOQE+DD 1.¢a0 0.00000E+DG 0. JQAG0E+Q0 J.00606E+30 ~1.Z4E-01
Na3Np02{C03)2 (s)_DISABLED DISABLED 0.00000E+00 1.00C00E+0D 1.000 0.C0000E+3) 0.G0000E+CD 0.00000E+00 ~3.32E+02
NaQH{aql...... to .titrate.base.only 0.00000E+0D 0.0DCOOE+OD 1,000 0.00000E+0Q 0.CO000E+LOD 0.00000E+00 ~2.95E+02
NpO20H{amor)____ NpOZ0H{amor) 0.00CC0B+00 1.00000E+0D0 1.000 0. 00000E+00 0. 00000E+00 0.00000E+OD ~3.83E+00
NpO20H{aged)________ NpG20H{aged) 0.00000E+00  1.GC000E+D0 1.000 0.00000E+00  0.00000E+00  0.0GGGOOE+00  ~3 . 04E+00
HCl{agh....... ta. t:i.tral:e.acid.only 0.0000OE+00 0.00000E+00 1.000 0. 00000E+00Q {.00000E+00 0. DRGOQE+0D ~2.49E+02
prH = -log[m{H+)] = 9,8154
pH = -logia{H+}] = 9.2225
Csmotic Coefficient= 1.241451
Equilibrivm RH {%) = 77.809217
Ionic Strength {m} = S.611121
Density, kg/m3 = 11848.82
NOTES: - Water "molality” is mole fraction H20 in aguecus phase
- Gas "molality* and ‘activity" are gas partial pressures
- "Descriptor" means:
*dG/RT/1nll for species with nongero concs. {convergence criterion)
*Saturation Index for minerals, SI=1oglD [IAF/Kap)
*logld(activity} for agueous species with very small concentrations
*loglU(partial pressure) for gases
Total G/RT= -4 .63613544E+03
Flashing Titraticon # 7
# irversicns for batch pblm 17
1Benchmark TITRATE Problem, LOGLC option; Hp(V)02 with €03 in 5.61lmolal NaCl FMT V2.0
DATABASE: HMWBA/FWS6; Np(V)-Na-C03-OH-Cl-Clod (NR94);
95.01.31  Am(III)-Na-Cl-CO3-504-PO4 {FRSRE9, FRFA0, P91, RFFRO2, RFF94, RRFFU4 )}
Pregsure= 1.00C00E+~0Q0 [=] ATM Temperature= 2.98E+02 [=] Eelwin
} Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Molariky Ag. myg/liter
3.86445565E+01 1.11018446E+02 9.93922712E+01 1.00177470E+405  Hydrogen
3.67033634E+01 5.55178692E+01 4.97038762E+01 7.95232197E+45 Oxygen
5.42840953E+00 5.51000623E+00 5.02251004E+00 1.15466351E+05 Sodium
0. ¢DO00DDCE+DD €. 00900DDCE+QO 0.00000000E+00 0.000p000E+00 Potassium
0.G000000CE+00  0.000000COE+00  0.00000Q00E+00  0.00DGXO0DE+00 Magnesium
0. 0000000GE+Q0 0.00000000E+00 Q.00G00J00E+D0 0.00000000E+00 Calcium
1.595102131E+00 5.60491242E+00 5.01794966E+D0 1.77901369E+05 Chlorine
{.00000DDDJE+OQ 0.00000000E+00 {.00000000E+D0 0.0000C000E+GD  Sulfur
3.47667578E+00  3.04711836E-03  2.72801516E-03  3.27661900E+01 Carbon
0.00C0300)IE+0Q 0.0000CDDOE+OD 0.00C0Q000E+00 0.00000000E+00 PosIon
0.00CD3O00E+00 0.00000000E+0C 0.00CDAO00CE+00 0.000G0000E+09 Neglon
0. 0C00QOD0OE+CD 0.0C0000Q0E+DD G, 00000C00E+CL 0.C0000C00E+OD Adrx
0.00030000E+C0 0.C0C00000E+DD 0.30000G00E+00 0.00000000E+00 Boron
HES 0. C0000000E+DD 0.C00000000E+0D 0.Q000DCDGE+OD 0.00000000E+0C Bromine
: ¢.00000000E+DD 0.000C0DDO0E+DD 0.CC0J0000E+00 4.00CGDO00E+Dd TracerEl
0.00G00000E+Q0 0.0000C000E+CD 0.00009000E+00 0.00000000E+D0  Th({IV)
0. DG0000D0E+DQ 0.00000000E+00 0. 00000000B+00 0.00000000E+00 AmM(ILIT)
0.000000D0DE+DO 0.DCGCOJOOOED0 0. 0000000 0E+OD 0.0300000DDE+Q0  U{VI)
3.47561578E+00 1.%4421849E-06 1.74061427E-06 4.12609480E-01 Np{V)
0. C000000ODE+CD 0.00000000E+00 £.00000D00E+0D 0.00000000E+00 C104- [EL)
0, 000000D0E+0C 0. 0DROOQO0E+OD 0. C0000000E+00 0.00DBO0OOE+O0 Phasphorus
0.000000D0E+00Q 0.00CO0O000E+RD 0.00000D00E+00 0.000Q0Q0DE+Z0 Electron
-1.06779235E-15 -3.06756405E-15 -2.74631980E-15 0.00GG0000E+G0 Charge
Sclution Parameters, Calculated
SOLUTION MASS 462.219612785918 grams
H20 MASS 348.091312120339 gramg
TDS{g/kg} 327 _868860898172 9/kgH20
Specified Solution Density
DENSITY 1188.81056561769 kg/m~3 = g/l
Sclution Parameters Based on Specified Density
SOLUTION VOL 0.388808466339423 liters
DS 293.533478681879 asl
Density based on TDS and WaCl solutions 1188.81056561769 g/l
Percemt relative ervor ws NaCl density 0.0000000000000D30E+DDT %
TABLE OF CONCENTRATIONS FCR BATCH SYSTEM
Species Name Molality Activity Aot Coef Total Moles  Malarity mg/iiter Degcriptor
H20 WATER 8.31881E-01 7.7R127E-D1 0.3354 1.93221E+01 4,96957E+01 B_95277E~05
WalNpO2CO3 (5} NaNp(2Co3 {s) 9.98479E+00  1.00000E+00 1.900 3.47562E400  B.93934E+00  3.14699E+06
Na+ Na+ 5.610G1E+00 5.26876E+00 0.9427 1.95279E+00 5.02251E+00 1.154E6E+05
Ccl- cl- 5.60491E+00 5.28411E+00 0.9428 1.95102E+09 5.01795E+00 1.77301E+05
Co3= Co3= 2.00201E-03 5.19857E-05 2,5967E-02 6.968831E-04 1.79236E-03 1.07558E+Q02
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pH = -loglalH+]]

Qsmotie Coefficient=
Equilibrium AH (%}
Ionic Strength (m)

! Density, kg/m3

NOTES :

= 9.4685
1.2413258
= 77.812731
= 5.612017
= 1188.81

- Water *molality* is mole fractieon H20 in agueous phase

- Gas "molality® and *sctivity” are gas partial pressures
- "Descriptor® means:
*dG/RT/Inl0 for species with nonzero concs. {convergence criteripn)
*Saturation Index for minerals, 5I=1logll [IAP/Ksp)
*logld{activity] for agqueous species with very smail concentrations
*logll(partial pressure) for gases

Total G/RT=

-4.63721293E+03

Flashing Titration # 8
# inversisns for batch pblm

Percent relative error ws NaCl density

23

0. G00000000000G00E+000 %

3% 1Benchmark TITRATE Problem, LOGLD optien; Np(¥)02 with €03 in 5.6lmolal NaCl FMT V2.0
DATABASE: HMWA4/FWEG; Mp{V]-Ma-C03-OH-Cl-Clod (NR94) ;
95.01.31 Am(III)-Na-Cl-CO3-S04-P04 (FRSR89, FRFI0, P91, RFFRI2 BFF34, RRFF34)
Pressure= 1.00000E+00 [=] ATM Temparature= 2.98E+02 [=] Kelvin
Elemental Abundances for Flagh Problem
Total Moies Ag. Molality Ad. Mplarity Ag. mg/liter
3.B6695692E+01  1.11018496E+02  $.93927291E+01  1.00177932E+05 Hydrogen
3.67172215E+01 5.55217779E+01 4,97075922E+01 7.952914%1E+05 Oxygen
5.42967348E+00 5.61001045E+00 5.02253469E+00 1.15466917E+05 Scdium
0.00000000E+00 0.0000DQ0OE+OD 0.00C00000E+00 0.00000000E+00 Potassium
Q.0G0CODAQE+0D 0.0000D000E+DD 0.00C00000E+00 0.00000000E+00 Magnesium
0. 0DDEOYO0E+DD 0.00000000E+0D 0. D000000DE+Q0 0.00C00000E+00 Calcium
1.95138405E+00 5.60233031E+00 5.01S£593SE+0 1.77820171E+05 Chlorine
0. C0000000E+00 0.0000DaR0E+00 0.0CDO0000E+20 1.00000000E+00 Sulfur
3.47712639E+00 4.340408558E-03 3.88595344E-03 4.66741868E+01 Carbon
0. 0000000DE+DD 0.0000000Q0E+00 0.00000000E+00 0.00C00000E+00 PosIon
0.00000000E+DD 0. 0CCHGO0QE+DD 0.000000C0E+00 1.00000000E+00 NeglIon
0. 80000000 E+00 C. 00000000E+00 0.000C0000E+00 0.0000CDO0E+00 Air
0.00G0000CDE+Q0D 0. 00000000E+00 4.000C0000E+() (¢.00000000E+D0  Boron
0.00000000E+00 C.00000000E+00 {.00C00000EFDD 0.00000040E+C) Bromine
0.00000000E+00 0. 000O0000E+DD 0. 000000DDE+00 0.00DDRCODE+DY  Tracergl
0.C0000000E+CGE 0.00000000E+DO 0.00000000E+D0 0.00000000E+80 ThiTV}
0.00000000E+00 0. G00Q0000E+D) ¢.00000000E+DG 0.00000000BE+00 Am{ILI)
0. 00000000E+00 0. ¢C00000DE+QD G.00000000E+00 0.000000G0E+00 U{VI)
3.4756157BE+00  3.60501967E-06  3.22750493E-06  7.65074233E-01 Np{V)
0. C¢000DDDDE+QD 0. 00000000E+00 0.390000000E+DD 0.00000D00E+00  C104-{EL)
0. 00000000E+00 0. 0DC0QOO0E+00 0.¢0000D00E+OD 0.00000000E+00 Phosphorus
€. 00000000E+00 0. 00C00000E+D0 0. 00000000E+00 90.00G00000E+00 Electron
-4.02027671E~16 -1.15420235E-15 -1.03333521E-15 0.00000000E+00 Charge
Solutisn Parameters, Calculakted
SOLUTION MASS 462.514079623513 grams
H20 MASS 348.316456438668 grams
TDS (g/kg} 327.855951316366 g/ kgH2O
Specifjed Solution Density
DENSITY 118&. 80335005085 kg/m~3 g/l
Solution Parameters Based on Specified Density
SOLUTTON VOL 0.38%056330100373 liters
TDS 293.523142261063 g/l
Density based on TDS and NaCl solutions 1188.80395005085 g/l

e Fage 158
Appendix N: Sample Qutput File “Np_NaCl_BM_LOG.OUT"
KO3 - HOO3- 1.04073E-03  3.85192E-04 0.3701 3.52268E-04  0.31738E-04 5.68519E+01
OH- OH- 4.2498BE-05  2.31135E-05 0.5438 1.47935E-05  3.804B2B-05  6.47098E-01 -¢.18E-08
NpO2 {C03 )} 2=~ NpO2 (CO3)2=- 1.28137E-06  3.12447E-11  2.5945E-05 4.46032E-07 1.14718E-0€6  4.46327E-01 4.81E-08
NpO2{C03 | 3==- Np02 (C03) 3==- 5.19502E-07  4.13%99E-16  7.9692E-10 1.80B34E-07  4.65098E-07 2 (B864E-01 1.D6E-07
Co2{agq) o2 (aq) 1.25799B-07 3_65269E-07 2.904 4 37894E-0R  1.12625E-07 4 95659E-03  -3,39E-07
NpO2C03 - RpO2C03- 1.33588E-067  2.43151E-07 1,819 4.65356E-08  1.19688E-07  3.93§40E-02 1.10E-12
NpD2+ NpO2+ 9.49498E-09  1.80634E-08 1.987 3.30512E-09  8.50064E-03  2,28707E-03 -4 .03E-08
H+ Ht 8.66954E-11  3.39269E-10 3.911 3.01779E-11  7.76164E-11  7.82296E-08 -] ,47E-07
NpO20H (aq) NpO2GH {aq) 1.68316E-10 1.68316E-10 1.000 5.85892E-11  1.50689E-10 4 .31052E-05 1.04E-07
! NpO2 (OH) 2~ NpO2 [OH) 2- 6.28105E-13  1.87627E-13  0.2987 2.1B63BE-13  5.62328E-13  1,70420E-07 2.44E-07
Na3H(C03)2.2H20 Troma 0,00000E+00  1.00D0DE+00 1.000 0.00000E+00  0.00D00E+00  0.00000E+00 -4 .70E+30
Na2Co3 . H20, Thermonatrite 0.00000E+00  1.00000E+DQ 1.000 0.0CO00E+OD  0.0D0QOE+OD  0.000C0E+00 -3 .43E+00
Na2C03 . 7H2Q Na2Col-Heptahydrate Q.00000E+00  1.00000E+0C 1.000 0.COO00E+C0  0.COD00E+C0  0.000C0E+00  -3,14E+00
Na2CO3.210H20___ Natren 0.000C0E+00  1.CCDDOE+DO 1.000 0.COO00E+DD  0.DOOODE+OL 0, 00000E+00  -1.1GE+00
NaHCO3__ = Nahcolite 0.0000DE+00  1.00DCOE+0D 1.000 0.00000E+00  0.DBOOOE+OD  Q.00000E+00 -3 .29E400
NaCl, Halite 0.00DDDE+00  1.00000E+00 1.000 0.DGO0JE+DE  0.POGOOE+DD  0.00DDDOE+00  -1.24E-01
NaiNp0Q2{C03)2|s)_DISABLED_DISABLED 0.000D0E+00  1.00000E+00 1.000 0.GO000E+00  0.000Q0E+0D  0.0DDCOE+Q0  -9.318+02
NaOH[aq!...... to.titrate.base.only 0.00CCOE+00  O.DODODOE+DD 1.0400 0.00000E+00  0,00000E+00  0,000G0E+00 -2 .94E+02
NpO20H{amor)____  NpO20H(amor} 0.0DBCOE+0D  1.0C000E+D0 1.900 0.00000E+00  D.0000DE+D0  0.DDDOOE+OD -3 _64E+00
NpO2CH{aged)___________ NpOZOH(aged) 0.0000OE+DD 1. 00000E+G0 1.000 0.00000E+0)  (.0Q000E+00  O.0BGO0E+DD -3 .05E+00
HCl{ag)..,..,... to.titrate.acid, only 0.0C000E+00  0.00000E+0D 1.000 0.0000CE+00  [,Q0000E+00  0,00000E+00 -2 _45E+02
coH = -log[m({¥+}] = 10.0620
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Malality Activity Act Coef Total Moles Melarity mg/liter Descriptor
H2O WATER 8.31897E-01  7.78177E-01  0.9354 1.93346E+01  4.96959E+01  8.952B1E+05
NaNpO2COI(5)__ NaNpO2CC3{s) 9.97832E+00  1.00000E+00 1.400 3. 47561E+00  £.33340E+00  3.14497E+06

Na+ Na+ 5.61001E+00  5.2F798E+00  0.9426 1.95406E+00  5.02253E+00  1.15467E+0S

cl- c1- 5.60233E+00  5.2B028E+00  0.9425 1.95138E+00 5.01566B+00  1.77H20E+05

co3= co3= 3.26656E-03  B.48095E-05 2 S5$63E-0  1.137B0E-03  2,92449E-03  1.75496E+02

HCO3 - HCO3- 1.06541F-03  3.94227E-04 0.3700 3.71098E-04  9.53837E-04  5.82004E+D]

OH~ OH- 6.77337E-05  3.68439E-05 0.5440 2.35928E-05  6.06407E-05  1.03133E+00 -3 .§5E-10
NpO2 (CO3 ) 2=- NpO2 {C03) 2=~ 2.08796E-06  5.42434E-11 2.5979E-05  7.27272E-07 1.8E931E-06 7.27286E-01 2.37E-09
NpO2 (C03}3==- NpO2 {C03) 32=- 1.37733E-06 1.10201E-15  8.0011E-10 4.79745E-07  1.23309E-06 5.53751E-01 4.86E-09
CO2 (aq) o2 (ag} 8.076358-08  2.34511E-07 2.904 2.81313E-08  7.23060E-08 3.1§217R-03 -1.78E-CH
NpO2C03- NpO2C03 - 1.33737E-07  2.43187E-07 1.818 4.65827E-08  1.19732B-07  3.93986E-02 1.23E-12
NpO2+ NpO2+ 5.82643E-09 1.15644E-0D8 1.985 2.02844B-09  §5.21629E-09  1.40343E-031 -2 .34E-D9
H+ Ht 5.44489E-11  2.12840E-10 3.909 1.89655E-11  4.87471E-11  4.91322E-08 -9 _&BE-09
NpO20K (aq) NpO20H {ag) 1.64493E-10  1.64493E-10 1.000 5.72955E-11 1.47267E-10 4.21264E-DS 7.54E-09
NpO2 (OH) 2- NpO2 {DH) 2- 9.78743E-12  2.92306E-13  0.2987 3.40912E-13  B.76250E-13  2,65555E-07 1.74E-08
Na3H(CO3)2.2H20 Tzrona D.00000E+00  1.000DDE+00 1.000 0.00000E+00  0.000Q0E+00  0.00Q0CGE+00  -4.48E+00
Na2CO3 . H20, Thermonatrite 0.00000E+00  1.00000E+00 1.000 0.00000E+DD  0.GODOOE+O0  0.000CDE+00 -3, 22E+00
Na2C03.7H20.___ Ma2CQl-Heptahydrate 0.000C0E+0D  1.00000E+00 1.000 0.000Q00E+0D  O_DOOOOE+CD  0.00C00E+00  -2.93E+00
Na2CO3.10H20_____ _ Natron 0.00000E+00  1.0ODAQE+00 1.000 0.00000E+00  0.00Q00E+00  0.0CDDOE+Q0 -2 .89E+CD
NaHCO3 Nahcolite 0.00DDJE+D0  1.00000E+CD 1.000 0.00000E+Q0  0.0QQ000E+3Q  O0.OCDO0E+00  -2.2BE+00
NaCl Halite 0.00000E+06D  1.DD000E+00 1.000 0.00000E+00  0.000DDE+3Q  0.00000E+0OC  -1.24E-01
Na3Np0O2 (CO3)2{d)_DISABLED DISABLED 0.00000E+02  1.00000E+00 1.000 0.000C0E+00  D.0000CE+00  ©.D0000E+0C -9 _31E+02
NaCH{eql...... to.titrate.base.only 0.D3000B+00  0.00000E+@0 1.000 0.00000E+@0  O0.Q0000E+00  ©.DOGOOE+DD -2 .94E+02
NpOZOR(amor)_____ NpO20H [amar) 0.00000E+00  1.0000DE+00 1.000 0.00000E+00C  0.Q0CDOE+00  0.00000E+DD  -3,65E+00
NpOZOH(aged)_ . NpD20H{aged) 0.00000E+00  1.00000E+00 1.000 G,000GGE+00  0.00000E+GG Q. 00000E+00  -3_06E+00
HCl{aq)....... to.titrate.acid.only D.00000E+00  ©.00DODE+Q0 1.000 0.00DOOE+0D  0.00000E+00  O.00Q00E+00  -2.49E+02
H = -log(m(H+)) = 10.2640

DB = -logla(H+)] = 9.6719

QOsmotic Coefficient= 1.241147

Equilibrium RH (%) = 77,817733

Ionic Strength (m) = 5.613297

Density, kg/m3l = 1188.B¢

HNOTES :

- 'Descriptor® means:

Total G/RT= -4 .61866284E+D3
Flashing Titratiocn # 9
# inversions for batch pblm

. lBenchmark TITRATE Froblem, LOGLD option; Mp{(V)D2 with CO3 in 5.61lmotal NaCl
HMWEd /FWS6; Np(V)-Na-CO3-OH-C1-C1lod (NR94) ;
Am(IIT)-Na-Cl-CO3-504-PO4 {FRSR89, FRFI0, P41, RFFRI2, RFF%4, RRFFY4}
1.00000E+00 [=] ATM

DATABASE:
55.01.31
Pressure=

Total Moles Ag. Molality

3.87052148E+01 1.11018564E+02
3.6736897T08E+D1 5.552734118+01
5.43147475E+00 5.61001596E+00
0. 00000000E+DD 0. 00040000E+00
C.DQ000Q0GE+D{) 0.0000000GE+DQ
0. 00000000E+{D] ¢.00000000E+0Q
1,95190099E+a4 5.59B65759E+00
D.a0000000E+00 C.C0DJ30000E+00
3.477TEEE5E+00 6.1B147537E-03
0.0000C0C0DE+0Q 0.00000000E+00
4,00000000E+00 0. 03000000E+00
0.0000C000E+00 {.000000D9E+00
0.000C0300E+Q0 {.0000C0DGE+DD
0.000C0000E+00D 0.00000000E+00
0.00G0000CE+0OO 0.Q000C000E+Q0
0.00CDODT0E+00 {.000000DDE+QO
0. 00000000E+CC 0.00000000E+0D0
0. 00030000E+00 0.0C00DOQQE+D0
3.47561578E+00D 6.66349238E-D6
0. C0000000E+0D 0.00000000E+DD

0.00000000E+00
C.00000000E+DD
~-1.13087115E-15

0.00C0D00DE+00
0.0000Q080E+DD
-3.24368928E-15

23

Elemental Abundances for Flash Problem

Ag, Molarity

9.93933709E+01
4.%71285378+481
5.02256990E+00
C.p0000DDOE+00
0.00000080E+CC
0.00000000E+00
5.01240002E+00
0. 110000DOE+OD
5,53418864E-03
0.00000000E+0OD
0.(0000080E+00
0. 0G000000E+A0
0.00000000E+00
0.00000000E+00
0.00000Q00E+CO
0.00000000E+08
0. 000000008+00
0, D000000DE+OC
5.96573175E-06
©.00000000E+00
0_0C0C0000E+00
0. 00040000E+00
-2.90402975E-15

Temperature=

Sclution Parameters, Calculated

SOLUTION MASS
H2Q MASS
TDS{g/kg}

462.933810446950
348.637323019311
327.837784084031

Specified Solution Dengity

DENSITY

1188.73464003680

grams
grams
9/kgH20

- Water “‘melality* is mole fraction H20 in agueous phase
- Gas "molality" and "activity" are gas partial pressures

2.98E+D2

Ag. mg/liter

1.00178579E+05
7.95375B832E+0D5
1.15467727E+05
0. 080000C0E+00
0, 00000C00E+0OD
©.00000000E+00
1.77704618E+05
0.00D0000CE+D0
6.64711398E+01
Q.C00G0000E+(G0
0. QG000 DE+Q0
0.000600000E+00
0.00000000E+00
0.00000000E+00
0. 00000C00E+0D
C. 00000000E+00
0.0000000CE+00
0.0000000GE+00
1.41416597E+00
0. CD3Q0Q00C0E+QO
0.00C00Q00E+CD
0.00000000E+00
{.0DDDJAO0E+DD

kg/mta = g/1

*dG/RT/1nl0 for species with nonzero concs. {convergence criterion)
*Saturation Index for minerals, 5I=1loglD(IAP/Kep)
*loglOfactivity) for agueous species with very small concentrations
*logiO{partial pressure) for gases

{=] Kelvin

Hydrogen
Oxygen
Sodium
Potassium
Magnesaium
Calecium
Chlorine
Sulfur
Carbon
PosIon
NegIon
Air
Boron
Bromine
TracerEl
Th{IV)
Am{III)
uvr)

Np (V)
Cl04- (EL}
Phosghorus
Electron
Charge

FMT VZ.0
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Appendiz N: Sample Output File "Np_NaCl_BM_LOG.OUT"

Solution Parameters Based on Specifjed Density

S0LUTICN VOL 0.3B5414449551688 liters
TDS 283 .508593601194 arl
Density based on TDS and Nacl solutions 11E88.79464008680 g/l

Percent pelative error vs NaCl density 0.000£4000000000CDEF000 %

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

Species Name Moiality Activiey Act Coef Total Moles Molarity mg/liter Degcriptor
H2O WATER 8 331819E-p1 7. 70249E-831 £.9355 1.93524E+01 4.36961E+31 B . 95286E+05

NaNp02C03 (8], NaMNp02C03 {s) 9.96914E+00 1.80000E+00 1.000 3.47561E+00 8.92523E+Q0 3.14209E+06

Na+ Na+ S.61002E+«D0  5.28630B+00  0.9424 1.95586E+00  5.02257E+00  1.15468E+05

cl- cl- S_59B65E+D0  5,27483E+00  0.5422 1.95190E+00  5.01240E+00  1.77705E+05

Co3= ca3= S . 0662TE-03 1.31507E-04 2.5957E-02 1.76629E-03 4.53576E-03 2.72187E+02

HCO3- BCO3- 1.09867E-03  4.06389E-04 0.3699 3.83037E-04  9.83623E-04  6.00178E+D1

OH - o8- 1.01865E-04  5.54263E-05 0.5441 3.55141E-05  9.11987E-05  1.55104B+00 -1.77E-10
NpO2{C03)2=- MpO2 (CO3)2=- 3.23222E-06 B.41283E-11 2.6028E-05 1.126R7E-06 2.89376E-06 1.12586E+D0 8_.12E-10
KpO2{003) 3==— NpO2 (CO3)3==- 3.29354E-06  2.65024E-15  §.0468B-10 1.14825E-06 2. 94866E-D6  1.32417E+00 1.75E-09
o2 {ag) coz{aq) 5.53405E-08  1.60697E-07 2.504 1.92938E-DB  4.35456E-08 2.18045E-03 -9 24E-09
NpC2C03~ NpD2Co3- 1.33806E-07  2.43236E-07 1.818 4.66498E-DB  1.19795E-D7  3.94192E-02 5.D6E-13
NpOZ+ HpO2+ 3.76324E-09  7.45944E-0% 1.382 1.31200E-09  3.36917E-09 9.06466E-04 -7.988-10
H+ H+ 3.62550E-11 1.414%8E-10 3.802 1.26398E-11 3,24586E-11 3.27150E-08 -4 95E-09%
NpO20H (ag} NpC20H(aq) 1.596178-10  1.5%617E-10 1.000 5.56486E-11  1.425903E-10 4.087B1E-05 4,15E-09
NpO2 (OH} 2- NpO2 (o) 2- 1.42919E-12  4.26699E-13 (.2986 4.98268E-13  1,.27953E-12  3.87777E-07 %.11E-09
NalH(CO3)2 . 2H20 Trona 0.000C0E+0OC 1.0CDO0E+DD 1.000 0. 00000E+Q0 0.0Q000E+DD 0.000092E+00 -4 28E+00
Na2c03.H3n Thermonatrite 0.G0000E+DG  1.000GOEv00 1.0a0 0.G0000E+G0  0.0GGJ0Z+C0  0.00000E+00  -3.03E+00
NazQ03, TH20G___Na2C03-Heptahydrate 0.000D0E+00C  21.0DC0OE+D0 1.000 0.00000B+00  0.00000B+00  0.0DDROE+00 -2 .74E+00
WNa2D03.10H20__ _ Nakren 0.00000E+0D 1_00GO0E+OD 1.000 0.G0000E+00 0.00000E+0G 0.000C0E+00 -2,70E+00
NaHeo3 Nahcolite 0.000DOE+00  1.00000E+00 i.000 0.10000E+00  0.00000E+QC  O.0DDCOE+00 -2, 26E+00
Nall Halite 0.0DDOGE+OD 1.00G00E+QD 1.000 C.00000E+00 0.0000DE+QQ 0.00000E+OD -1.25%E-01
Ha3NpOZ (CO3)2 (8)_DISABLED DISABLED 0.00000E+0D 1.0DGO0E+DD 1.04p 0. D00DDE+DO ©.00000E+DD 0., DORDOE+OD -9.31E+02
NaOHlag) ...... tn.titzate.hase.only 0.00000E+CD 0.00000E+DQ 1.000 C.000D0E+00 0.00000E+QQ C.00Q00E+OC -2.94E+D2
NpO20H(emor)_____ WNpD20H(amor} 0.C08D0R+0D  1.00000E+00 1.000 D.QDGDDE+OC  0.Q0CD0OE+Q0  0.DOQAOE+BO -3 .66E+D0
NpOZOHtagedJ—_NDOZOH(aQEd) 0.DDOTOE+DD 1.00000E+Q0 1.0060 0.00C00E+OC 0.000DOE+QO 0.00000E+0OD -3.07E+30
HCllag)....... to.titrate.acid, only 0. COGGOE+DD 0. 00000E+00 1.000 0.00000E+00 0.00000E+QQ 0.00000E+C0 -2 .49E+02
poH = -log[miH+)] = 10.4406

PH = -logla(H+)) = 9,.8493

Osmotic Coefficient= 1.240833

Eguilibrium RH (%) = 77.824850

Iohic Strength (m) = 5.615126

Dengity, kg/m3? = 1188.73

NOTES: - Water "molality* is mole fraction H20 in aguecus Dhase

~ Gas "molality* and *actiwvity® are gas partial pressures

-~ 'Descriptor* means:
*dG/RT/1IniD for species with nenzerc conos. lconvergence criterian)
*Saturation Index for minerals, 81=1loglO{IAP/Ksp)
*logl0lactivity) £0r aqueous species with very gmall concentrations
*logldipartial preesure! for gases

Tokal G/RT= -4.64072873E+03

Flashing Titration # 10

¥ inversipne for batch pblm 22

1Benchmark TITRATE Problem, LOG1a option; Np(V}02 with €03 in 5.6lmolal Nacl FMT V2.0
DATABASE: HMW&4/FWES; Np(V)-Na—-C03-0H-Cl-C104 (MR ;

95.01.31 Am(III)-Na-Cl-C03-S04-POd (FRSREB,FRPBD,PSJ.RFPRQ2.F.PPSQ.RRFPS&)

Pressure= 1.00000E+0C (=] ATM Temperature= 2.98E+02 [=] Kelwin

Elemental Abundances for Flash problem
Total Moles AQ. Molality Aq. Molarity Ag. mg/licer

3.87560135E+01
3.67651156E+01
5.43404174E+00
4.000000002+00
4.00000000E+00
.00000000E+00
1.95263769E+00
0. 00000000E+00
3.47868370R+00
. 000000D0E+DD
4., 00000C00E+00
9.00000000E+00
0.00000D0AE+00
4.000C0000E+00
0.0000000IE+00
0. 0D0ODODOED0Q
0, 00000000E+00
0.90000000E+00
3.47561578E+00
0.00000000E+00
0.90000000E+00
0.00D00000E+00
-6,72313767E-16

-11018653E+02
.55352555E+01
61002728E+00
QQ000C0TE+Q0
40000000E+Q0
. 00QQ0000E+00
59343408E+04
. 0G000DODE+00
.BG060113E-03

9.92942650E+01 1.C0179480E+05 Hydrogen
4.97201463E+01 7, 954957098+05  Oxyygen
5.02362026E+00  1.15468885E+05 Sodium
0.00009000E+00 0.00000000E+00 Potassium
0.000D0000E+3G 0.00000000E+D0 Magnesium
0.00000000E+30 0.00000G00E+D0  Calcium
5.00776446E+00  1.77540274E+05 Chlorine
0.009000G0E+00 0.00000000E+00 Sulfur
7.87911990E-01 9.46361091E+01 Carbon
.D0O0Q0D00E+()  0.00000000E+00  0.0DO0000ODE+00 PosIon
0QQ00DD0E+Q0  0.0000C000E+00  O.GO00O00GOE+00 NegIon
0000CCD0E+00 0.0C0H0000E+30 0. 00000000E+00  Air
Q0Q0C0DOE+00  0.00000000E+Q0  D.0ODDNOOOE+DD  Boron
00000000E+00 0.0CODIA00E+DQ 0.00000000E+00 Bromine
00000000E+00 0.00000000E+00 0.0000000DE+00 TracerEl
OGGGGGOLE+GD 0. 80G0000GE+00  0_00000000E+dd Th(IV)
.00000D0EE+QQ 0. 000D0C000E+G0 0.00000000E+00 Am(III}
-00000000E+00  0.00DGBOOOE+GO  §.00000000E+00 U{VL)
,23872216E-05 1.103¢1974E-G5 2.62891134E+00 Np(V)
-00000000E+00  0.0000GO00E+G0  0.0000DGOOE+DD  C104- {EL)
. G0000000E+D0 0.00000DEDESOD 0.00000000E+00 Phosphorus
90000000E+00 0.0000C088E+O0 0.C00000CDE+00 Electron
82537840B-15 -1.724226178-15  0.C0OQ00COE+00 Charge

Il - == s N R - R -~ I = T - AR T
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95.01.31
Pressure=

Elemental Abundances for Flash Froblem

Total Moles

3.,88284066E+01
3.680522486+01
5.43769997E+00
0.00000C00E+00
0.0000000DE+0Q
9.000000C0E+CO
1.95368755E+00
0.00000000E+00
3.47998788E+0D
0.00000000E+DD
0. 00000000E+00
G. CDOO0Q00E+DD
0.0C000000E+0D
0. 00000000E+CD

&g, Molality

.11018771E+02
.55465070E+G1
. 6L004415E+00
0000000 0E+Q0
G00000CDE+]0D
.{00000C0E+00
.58601315E+00
000D0O0DE+DD
1.25239A28E-02
0.0000C000E+0D
9.00000000E+00
0.C0000000E+DT
0.000DIA00E+DD
0.00C00000E+00D

SCwmooowmw R

A7, MOlErity

2,939549%6E+01
4.97309848E+0Q1
5.02269243E+00
4.00000000E+00
0.000000QQE+0D
0.0000C000E+CD
5.00117739E+00
0.00000000E+00
1.12127662E-02
0.00000000E+CO
0. 00000000E+00
0.0000000DE+QD
0. DQ000DCDE+OD
©. 00000000E+0C

Terperatures

1Benchmark TITRATE Preblem, LOG10 option; Mp{V)o2 with €03 in 5.6lmolal NaCl
DATABASE: HMWS4/FW86: Np(V)-Na-CO3-QH-C1-C104 (NR94);
Am(IIZ)-Ha-Cl-CO3-S04-PO4 {FRSRRY, FRF90, P91, RFFRY2, RFF94, RRFF94)
1.00000E+090 [=] ATHM

2,98E+02

Ag. mg/licer

1.001B0724E+05
7.95665918E+05
1.15470543E+05
0.Q0000000E+00
0. 00000000E+GD
C.00000C00E+CD
1.77306742E+05
0.0000DGA0E+D0
1.34676535E+02
0. 00000C000E+00
0. 00000000E+00
0.000000C0E+Q0
0.0C0J0000E+0D
0.0C000000E+00

(=] Kelvin

Hydrogen
Osygen
Sodium
Potagsium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
Foslon
NegIon
hir

Boron
Bromine

FMT V2.0
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Appendix N: Sample Output File “Np_NaCl_BM_LOG.QUT"
Solution Parameters, Calculated
SALUTION MASS 463.532138924454 grams
H20 MASS 345.0346099546485 grams
TDS {g/kg} 327.812362913952 9/ kgH20
Specified Solution Density
DENSITY 1188.78161259327 kg/m~3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VoL 0.389922029424127 liters
DS 293.488236965687 g/l
Density based on TDS and NaCl solutions 1188.78161259327 g/l
Percent relative error vs NaCl density 0.040000000000000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity hct Coef Total Moles Molarity ma/liter Descriptor
H203 WLTER 8.31851E-01 7.78350E-01 0.9356 1.93778E+01 4.96966E+Q1 §.95293E+05
NaNp02C03 (5) NaNpO2CO3 {s) 9.955607E+00 1.00000E+00 1.000 3.47561E+00 B.91361E+00 3.13800E+06
Na+ Na+ 5.61003E+00 5.2B8532E+D0 0.9421 1.95843E+00 5.02262E+00 1.15469E+05
cl- cl- 3.39343E+00  5,26704E+00  ©.9416 1.95264B+00  5,00776E+00  1.77540E+05
C03= CO3= 7.62562E-03  1.97880E-04 2.5949E-02 2.66208E-03 6,82717E-03  4.D9§93E+02
HCO3- RCO3- 1.314291E-03 4.225331E-p4 0.3697 3.98983E-04 1.02324E-03 6.24350E+01
OH~ OH- 1.47373E-04 8.02242E~D5 0.5443 5.144%3E-05 1.31948E-04 2.24408E+00D -2.23E-08
HpQ2 {C03) 2=- NpO2 (CO3) 2=- 4.85191E-04 1.26624E-10 2.6098E-05 1.69378E-06 4.34388E-0§ 1.63005E+00 1.77E-08
RpO2 {CO3 1 3==~ Np02 (CO3) 3==- 7.39875E-06 6.00222E~15 8.1125E-10 2.582868E~06 6.62405E-056 2.97469E+00 3.56E-08
€02 (agh 02 (ag) 3.97510E-09 1.15435E~07 2.904 1.38765%E-08 3.55888E-08 1.56626E-03 -3.82E-~-07
NpQ2Co3- NpQZCo3- 1.33%0SE-07 2.43306E~07 L.817 4.67454E-08 1.19884E-G7 ¥.94486E-02 2.95E-11
KpO24+ Hp02+ 2.50641E-09 4.%5882E~09 1.978 §.74975E-10 2.24398E-04 6.D3735E-04 -1.78E-08
H+ H+ 2.51081E-11 9.77799E~11 3.894 8.76512E-12 2.24792E-11 2.26567E-08 -1.28E-07
NpO20H {aq) NpG20H (ag) 1.53583E-10 1.53583E~10 1.000 5.36148E-11 1.37302E-10 3.93329E-05 1.10E-07
NpG2 (DH} 2- NpO2 {OH)2- 1.%8131p-12 5.94256E~13 0.2884 6.95155E-13 1.78281R-12 5.40300E-07 2.38E-07
Ha3HIC03)2.2H20 Trona 0.000008+00 1.00000E+00 1.000 G.0000CE+Q0 0.Q000CE+0Q 0. 00000E+00 ~4 .Q8E+DY
Na2C03 .H2Q Thermonatrite Q.C0OD0E+CD 1.00000E+D9 Ll.000 C.000COE+D0 0.00000E+00 0.C0QO0E+OD -2.85E+00
Nalco3 . 7H20 Na2C03 -Heptahydrate 0.00DDAE+CT 1. D0Q0O00E+CD 1.000 0.00000E+0Q  0.00000E+080  O.COOQOE+DC -2 S6E+00
Nalce3 . 10H2G Natron 0.0C000E+0D 1.DD000E+pD 1.000 0. 00000E+00 0.0000DE+DD 0. 0DDOOE+OD -2,52E+00D
WaWcos__~~~ maheolite 0.00000E+00 1.00000E+00 1.000 0.00J00E+00 D.00900E+G0 0.0000J0E+00 -2.25E+00
NaCl Halite 0.00DDOE+OD 1.00000E+QD 1.000 0.G0000E+00 0. 00000E+QD 0.00030E+0D -1.28E-DL
NaiNpO2 (CC1) 2 (8) _DISABLED_DISABLED 0.0000CE+D0 1.00000E+DD 1.000 0.00000E+00 0.000Q00E+QD 0.00D0OE+00 -9,31E+02
WaQH(aq) ...... to.titrate.base.only 0.00000E+00 0.00000E+00D 1.000 0.00000E+00 0._0000E+DD 0.000G0E+0O0 -2.94E+02
NpQ2CH{amorl____ NpO20H{amor} 0.00000E+00 1.C0000E+00 1.000 0.00000E+00 G.Q0000E+0D 0.00000E+00 -3.68E+0D
NpQ20H { aged) NpO20H{aged} Q.0C0000E+CO 1.00000E+0D 1.000 0.Q30000E+00 G.00000E+00 0.0C0Q0E+OD -3.03E+CD
BCl(ag}....... to.titrate.acid.only 0.0CD0QE+OO 0.0000QE+0D 1.a00 0.00000E+00 0.00000E+0¢ 0.CCDOOE+QD -2.49E+02
prH = -log[m(H+}] = 10.6002
PH = -logla{l+)] = 10.p098
Osmotic Coefficient= 1.240532
Equilibrium RH {%] = 77.834968
Ionic Strength {(m) = 5.617741
Density, kg/m3 = 1148.78
NOTES: - Water "molality* is mole fraction H20O in agueous phase
- Gag *molelity” and *activiry* are gas partial pressyres
- "Descriptor® means:
"4G/RT/1nl0 for species with nonzero concs. {convergemee criterion}
*Saturation Index for minerals, SI=loglO(IAP/Ksp)
*logll(activity) for aqueous species with very small concentratians
*loglO{partial pressure} for gases
Total G/RT= -4.64367246E+03
Flashing Titration % 11
# inversions for batch pblm 22



- Water “molaliby* is mole fraction H20 in agqueous phase

- Gas "molality” and "activity' are gas partial pressures

- "DesCriptor" means:
*dG/RT/1nl10 for species with nonzero concs. (convergence critarion)
*Saturation Index for minerals, 5I=logld{IAP/Ksp}
*loglO{activity! for aguecus species with wery small concentrations
*loglld (parcial pressure} for gases

Total G/RT= -4.64786705E+03

Flashing Titration # 12

# inversions for batch pblm az

1Benchmark TITRATE Problem, LOG1J option; Np (V)02 with C03 in 5.61lmclal NaCl

DATABASE: HMWS4/FWEE; Np(V)-Na-CO3-OH~C1-Cl04 (NRS4);
95.01.31 Am(III)-Na-Cl-CC3-S04-FC4 (FRSR8Y, FRF90, P91, RFFRY2, RFF94, RRFFI4)
Fressure= 1.00000E+090 §=)] ATM Tenperatures= 2.98E+02 [=] Kelvin

Elemental Abundances for Flash Problem

Toktal Moles Ag. Molality Ag. Molarity Ag. mg/liter

FMT V2.0

3.83315747E+0L 1.1i018923E+D2 9.93971848E+01 1.00182923E+05 Hydrogen
3.68623846E+01 5.55624877E+01 4.57460673E+01 7.95907238E+05 Oxygen
5.44291331E+DD 5.6100725QE+0D0 5.0227961LE+00 1.15472927E+05 Sodium
0.00C00000E+00 0.00000000E+DD 0. 00000000E+00 0.00000000E+00  Potassium
0.00G00000E+D0 0.000G0000E+00 0.00000000E+00Q 0.00000000E+00 Magnesium

FMT, Version 2.0 WEPOQ # 28119
User’s Mannal, Version 1.00 November 17, 1995
Page 162
Appendix N: Sample Output File “Np_NaCl_BM_LOG.OUT”
0.00000OJ0E+DD 0.0000CG00QE+00 0.00DG0000E+G) C.0000000QE+00 TracerEl
0.Dp0O000DE+DD 0. 0000C0DOE+RD 0. DDBOJODDE+DD 0.000000008+00 Th{IW)
C.DJOAOODDE+D]  ©.0200000DE+00  0.00000COOJE+DD 0. 000000GDE+OC Am{TII)
0.00Q00000E+Dd  0.00000000E+00  C.000GO0ODAE+0D  0.00000OOOE+D0 U{VI)
1.47561578E+00 2.32128943E-05 2.078258B64E-05 4.92847476E+0D0 Np(V)
C. 0000000GE+DD C.0000000CE+DD 0.00000000E+00 = O. 0000000QE+00 CLO4- (EL} ~
C.00000000E+00  0.DCODQ0AOE+DT O D0O0000DE+00  4.0DGCQQOE+DN  Phogphorus
0.0DOOOOOQOE+DD  0.00DDOOOQE+DD  0.DDDOOODOE+00  0.0000DNO0E+D0 Electron
-8.43194194E-16 -2_410B7366E-15 2_158463T4E-15 0.00002000E+D0 Charge
Solytion Parameters, Calculated
SOLUTICN MASS 464.385150217386 grams
H20 MASS 348.74632181859D2 grams
TDs g/ kgl 327.777080834723 g/ kgH20
Specified Soluticn Density
DENSITY 1188.76353136245 kg/m*3 = g/l
Solution Parameters Based on Specified Density
SOLUTICN VOL 0.3%064552197790% liters
TDS 293.459983409119 g/l
Density based on TDS and NaCl solutions 1188.76353136245 g/l
Percent relative error vs NaCl density D. 0DDDODDDDODODDRE+ODD %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER B.31999E-01 7.784%33E-01 0.9357 1.54140E+01 4.96971E+01 8.95304E+05
NaNpO2Co3 s} NaNpO2063 (=) $.93751E+00  1.000%0E+00 1.000 3.47561E+00  8.89709E+00  3.1321HE+0§
Na+ Na+ 5.61004E+00 5.28333E+00 0.9418 1.%6209E+00 5.02269E+0D 1.15471E+05
cl- cl- 5.58601E+00  5.25531E+00  0.9409 1.85369E+00  5.00118SE+00  1_.77307E+{5
co3= CO3= 1.12609E-02  2.92079E-04 2.5937E-02  3.93846E-03  1.008159E-02  6.05009E+02
HCOd- HCO3-~ 1.20082B-03  4.43607E-04 0.3694 4.19981E-04  1.07510E-03  §.55992E+01
CH- QH- 2.07123E-04 1.12B10E-04 0.5447 7.24404E-05 1.85438E-04 3.153B08+00 -2.25E-09
NpQ2 (C03) 2=- NpO2 (031 2=- 7.13717E-06 1.86975E-10 2.6197E-05 2.49620E-048 6.38993E-08 2.4B6LOE+Q0 4,21E-09
Wp02 (C03 ) 3==- NpO2 (CO3 ) Fm=n 1.59319BE-05 1.30821E-14 E.2072E-10 5.57490E-06 1.42710E-05 &6.40874R+00 B.72E-09%
co2{ag) CoZ{aq) 2,96765E-08 8.61B56E-08 2.904 1.03792E-048 2.65695E-0F 1.1693ZE-03 -9.22E-08
NpO2C03- NpO2ZCo3- 1.34044E-07 2 .43401E-07 1.816 4.68815E-08  1.20010E-D7  3.94%202EB-02 B.14£-12
HpO2+ NpO2+ 1.7032%E-09 3.36066E-09 1.973 5.95718E-10 1.52496E-09 4.10285E-04 -4.25E-0%
MpC20H (ag) NpO20H{aq) 1.46370E-10 1.46370E-10 1.pao 5.11925E-11 1.31046E-10 3.74863E-(5 4.11E-08
H+ He 1.79163B-11  6.95424E-11 3.BAZ 6.266158-12  1.60405E-11  1.61672E-08 -4.53E-08
NpOZ (OH) 2- NpO2 {CB) 2- 2. BT704DE-12 7.96388E-13 0.2%82 9.32963E-13 2_.330B2E-12 7.24565E-07 8.64E-08
Na3B(C03)2.2H20 Trona 0.Q0000E~00 1.00000E+00 1.000 0.00000E+00 0.00000E+00 0.0000BE+DO -3.499E+00
¥ Na2CO3,H20, Thermonatrite 0.00000E+QG 1.00C00E+00 1.000 0.0Q000E+DD 0. 00000E+DG 0.000C00E+Q0 =2 GHE+00
NaZCO3 . 7H20 Na2co3-Heptahydrate 0.00000E+00  1.00COOE+00 1.0400 0.00000E+00  0.00000E+0C  J_000GDE+00  -2.39E+00
Ma2C03 . 10H20___ Natron 0.000C0E~+00 1.00000E+00 1,840 0.00000E+00 0.00Q00E+C0 0.00000E+00 -2.35E+00
NaHCO3_____ = = Nahcolite 0.00000E+Q0 1.00C00E+0D 1,000 0.084000E+00 0. 00000E+00 0.00000E+00 -2.22E+00
Nacl Halite . 00000E+00 1.00000E+00 1.0G0 0.00000E+00 0.CFGI0E+OD 0.0000CE+00 -1.27E-0L
NalNpO2 [CO3)2{s)_ DISABLED DISAHLED 0.00000E+00  1.00000E+00 1.000 0.00000E+0C  O.DGOOOE+D0  0.00000E+0D  -9.31E+0Z
NaGH(ag)...... to.titrate.base.only 0. 00000E+00 0.00000E+Q0 1.080 0. 0D0GOE+DO 0._DG0O0JE+GD 0.Q0000E+00 ~-2.94E+02
NpC2O0H (amor) . NpO20H{amor) 0.00000E+0) 1.00000E+00 1.o000 0.00600E+DQ 0.00000E+00 0.0000DE+0 ~3.70E+00
NpO2OH(aged)___ NpO20OH{aged) 0.00000E+00  1.000D0E+00 1.060 0.00C00E+DC  Q.DOROOE+DO  0.00000E+G0  -3.11E+00
HCLl{aqg)....... to.titrate.acid.only 0.00000E+00  G.00D00E+00 1.000 0.0DROO0E+CL  O.DDEGOE+D0  0,0Q000E+00  -2,50E+02
poE = -log{m(H+}) = 10.7468
DH = ~logla(B+)] = 10.1578
Osmotic Coefficient= 1.240021
Equilibriwn RH {%} = 77.849336
Ianic Strength (mf = 5.621488
Density, kg/m3 = 1188.76



DATABASE: HMWE4/FWEE; Hp{V})-Na-C03I-OH-C1-Cl04

{NR94) ;

95.01.31 Am{III)-Na-Cl-CO3-S04-P04 (FRSRBI, FRFY0, P91, RFFRY2 .RFF94,RRFF%4)
Temperature=

Pressure=

1.00000E+00 [=] ATH

2.9BE+J2

[=] Balwin
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Appendix N: Sample Output File “Np_NaCl BM_LOG.QUT”
0. 00000000E+G0 0. 0G000000E+00 0. 0000000GE+OD 0.0D0IJ000E+00 Calcium
1.85518372E+00 5.57548446E+00 4.99182884E+00 1.763753088+05 Chlorine
0.00000000E+0( 0.0000GO0QE+00 0.00000000E+00 .0000D000E+DD  Sulfur
3.48184647E+00 1.78114648E-02 1.52469162E-02 1.5915384118+D02 Carbon
. 00000000E+G4 0. 0GGIGIAAE0] 0. 00000000E+00 ¢.00000000E+00  PosIon
C.00000000E+D0 0.00000000E+DD 0.000000G0E+00 0.00000000E+00 NegIlon
0.D4000000E+D 0. 0000000CE+00 4.000G00GAE+DD 0.00000000E+00 Air
0.00000000E+QD €.00000000E+00 {1.000000G0E+00 0.0000GG00E+0D Boron
0.000000G0E+00  0.00000000E+00  §.00000000E+00  ©.O000DOOOEDD  Bromine
0.00000000E+D0 0.C0D000QQ0E+D] C. 00000000E+Q0 0.00040000E+00 TracerEl
0.00000000E+00 0. COOQ0000E+D] 0. 0000000N0E+Q0 0.0000000CE+00 Th(IV)
0.00000000E+00 0. 0G0G0000E+GG  0.000BDOGGE+00  0.00C00GGOE0S Am(IIT}
0.00000000E+Q0 0. G0000000E+00 0.00000000E+00 0. 0000DDCOE+DD  U{VT)
3.47561578E+00 4.37690919E-05 3.91872342E-05 9.28928332E4+00 Np(V)
D.000Q00C0E+QD  D.CCOQ00DOE+00  0.Q00000D0E+G0  0.00000000E+00 ClO4- (KL}
G.GO0Q00000E+00 0.00000000E+00 0. 000000G0E+OC 0.00000000E+00  Phosphorus
¢.C000000DE+00 0. 00000000E+GO 0.00000080E+0C 0.0000000DE+00 Electron
-1.32033463E-15 -3.76512199E-15 -3.37097962E-15 0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 465.601420606269 grams
HZ0 MASS 350.675126352096 grams
TDS(g/ka} 327.728674256700 a7/ kgH20
Specified Solution Density
DENSITY 1188.73872346794 kg/m™3 = g/l
Sclution Parameters Based on Specified Dengity
SOLUTION VOL 0.391676834735082 liters
TDS 291.421218832869 g/l
Density based on TDS and NaCl golutions 1188.736072346794 g/l
Parcent relative error vs NaCl density 0.D0000DE00000DGOE+DOG %
TABLE OF CCNCENTRATIONS FOR BATCH SYSTEM
Species Name Molalicy Activity Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER £.32C£1B-01 7.78697E-01 0.935% 1.94655E+01 4.96%79E401 8.95318E+05
NaNp02C03 {s) NaNpQ2C03 {s) 9.91117E+00 1.00000B+C0 1.000 3.4756CE+00Q 8.87364E+00 3.12393E+06
Na+ Na+ 5.61007E+D0 5.28057E+00 0.9413 1.96731E+00 5.022BC0E+0Q 1.15473E+05
cl- cl- 5.57548E+00 5.24002E+00 0.9398 1.95518E+00 4.99183E+00 1.76973E+05
CD3= CO3= 1.64154BE-02 4.25480E-04 2.5920E-02 5.75648E-03 1.465970E-02 B.Bl956E+D2
BCO3- HCO3- 1.27533E-03 4.70618E-04 0.3630 4.47227E-04 1.141B3E-03 E.936709E+01
OH- O~ 2.84255E-04 1.54942E-M4 0.5451 9.96B12E-05 2.54499E-04 4.32833E+00 -1.42E-D9
HpO2 (CO3 ) 2=- NpO2 (CO3) 2=- 1.03463E-05 2,72515E-10 2.6339E-03 3.62818E-D6 9.26320E-06 3.60399E+00 2.42E-03
NpO2 |C03 ) 3==~ Np0O2{C03)3==- 3.32872E-05 2.77756E-14 B.3442E-10 1.16730B-05 2.98027E-0% 1.33836E+01 5.12E-09
CO2 (ag) CO2 (ag) 2_.291399e-08 6.65707E-08 2.904 8.03744E-09 2.05206E-08 9.03107E-04 -7.40B-08
NpOo2Co3 - NpO2Co3- 1.34242E-07  2.43528E-07 1.814 4.707558-08  1.20190E-07  3.95491E-02 6_18E-12
Npo2+ NpO2+ 1.17432E-09 2.,30833E-09 1.966 4.11805E-10 1.05139E-09 2.8287T4E-D4 -2.46E-0%
NpO20H (aq) HpO2OH [ag) 1.38078E-10 1.38078E-10 1.000 4,84205E-11  1.23624E-10  3.53631E-D5 3.39E-08
H+ H+ 1.310748-11  5.06455E-11 3.864 4.59643E-22  1.17353E-11 1.1B280E-08 -3.64E-08
NpOZ (CHj 2- NpOZ (OHj 2~ 3. 4E327E-12 1.03185E-12 Q.2979 1.2144BE-12 3.10073E-12 9.3%711E-07 7.04E-0G4
Na3H(C0312.2H20 Trona 0.00000E+00  1.(HHIOOE+0O 1.000 0.00000E+00  C.0000DE+00  O.C0DGOOE4O0  -3.70E+D0
Na2CO3 . H20_~ Thermonatrite 0.00000E+0Q 1.CGO000E+0 1.9000 ¢, 000DDE4O0 £.90000E+00Q 0.0DCOOE+00  -2.52E+00
NaCco3 . 7H20_ ___ NazCO3-Heptahydrate 0.0DROOE+DO  1.C0000E+0D 1.000 D.00DOOE+00  D.0000DE+Q0  0.00000E+00  -2.23E+DD
NaZcQ3a.l0H20 === Natron 0.000C0E+0D 1.0C000E+D0 1.900 0. 00000E+0Q 0.0Q0000E+00 0. 0DDCOE+QOQ -2.19E+D0
NaHCC3, Nahcolite 0.000G0B+00 1.G0000E+0D 1.4000 0.00000R+00 0.G0D0DE+CG 0.0C0C0E+Q0 -2, 20E+00
Nacl Halite 0.0DCROE+DD 1.0R000E+DR 1.000 0.000C00E+00 0.Q0000E+00 0.0C0000E+00 -1.28E-D1
Na3NpO2 (CO3)2({s} _DISABLED DISABLED 0.00000E+0T 1.00400e+ G0 1.000 CG.Q00COE+QQ ¢.00000E+00 Q. 000CaE+a0 -8.30B+02
MaOH {ag) . ... .. to.titrate . base.only 0.C0000E+0D 0.00000E+00 1.000 0.000G0E+00 0.00000E+(31 0. 0COIGE~00 -2.94E+02
FpOZ0H {amor ) NpQ20H (amor ) 0.C0ODOE+CD 1.00000E+00 1,000 C.000C0R+00 0.0000CE+Q0 0.0C000E+Q0 -3,73E+DD
NpOZ0H{aged) MNpO20R (aged) 0.CODQQE+DD 1.00000E+00 1.000 G.000D0CE+00 0.00000E+0D 0.00000E+Q0D -3.13E+0D
HCllag)....... to.titrate.acid.only 0.00000E+0D 0.00000E+08 1.000 0.000C0E+00 0,90000E+00 0.000D0OE+0D -2.50E+02
prH = -log[miH+1] = 10.8825
DH = -loglalHs+}) = ipn.2955
Osmotic Coeffirient= 1.239297
Equilibrium RH (%) = 77,869707
Ionic Strength {m) = 5.6268%52
Density, kg/m3 = 1188.74
WOTES: - Waber "molality” is mcle fraction H20 in agueous phase
- Gas “molality* and *activity® are gas partial pressures
- "Descriptor® means:
*dG/RT/Inll for species with nonzere concs. {convergence criterion)
*Saturation Index for minerals, SI=lcglO{IAP/EKsp)
*logld(activity) for agqueous speries with very small concentrations
*loglOipartial pressure} for gases
Total G/RT= -4.65384406E+03
Flashing Titration # 13
¥ inversions for batch pblm 22
1Benchmark TITRATE Problem, LOGLO option; Npi{V)02 with CO3 in 5.61molal NaCl FMT V2.0
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Appendix N: Sample Output File “*Np_NaCl_BM_LOG.OUT”
33 Elemental hbundances for Flash Problem
Total Moles Ag. Molality Ag. Molariey Aq. mg/liter
3.90785996E+01  1.11019115E+02 9.93994493E+01  1.00184705E+05 Hydrogen
3.69438430B4+01  5.5585153FR+01  4.976T4088E+01  7.96248680E+05 Omygen
5.45039287E+00  5.61012129E+00  5,022%94553E+00 1.15476363E+05 Sodium
0.0000GR00E+00  0.000DDCOOE+OD O _O00COQOOE+00  0.0000D000E+00 Pokassium
0.00000C00E+00  0.00000000E+00  0.00DCO000E+00  0O.Q000DDOOOE+00 Magnesium
0.00000000E+00  0.00000DCOE+00  O.0DCOOQODE+O0  0.000000002+00 Calcium
1.957315818+00 5.58057485F+00  4.9785B483E+00  1.76505768E+05 Chlorine
0.00000000E+00  &.0000DDCOE+O0  0.00000000E+00  0.00000000E+00 Sulfur
3,48449515E+00  2.53082323B-02 2.26593804E~02  2,7216181FBE+02 Carhon
04.00000CCDE+00  0.00000000E+00  0.00000D00E+00  (.0000000DE+0D FasIon
0.00000000E+00  0.000Q0COGE+00  0.0000CDOOE+DD  0.000000COE+00 Negion
0.00000000E+00  ©.00000C00E+0C  0.0C000000E+30  0.0000D000E+D0  Air
0. 000000DaE«00 0.00000000E+00 0.00000000E+30 0.00000000E+00  Boron
0.C00000DCEA00  ©.00000000E+00  0.0000D000E+D0  D.0000BOOOE+D0 Bromine
©.00000000E+00  0.0DGOQO00E+G0  0.0000000DE+QC  0.00000000E+00 TracerEL
0.00000000E+00  0.00000000E+G0  0,0G0000000E+OC  0.00000000E+00 Th(IV}
0, G0000DDOE+00  0,00000000E+00  0.00DCOCOOE+Q0  O.CGOOODORUE+DD Am{ILI)
0.00000000E+00  ©.0009000DE+00 ¢ .00000COOE+D0  0.000000RO0E+00 U{VI)
3.4756157BR+D0  B.26620364E-05  7.40103261E~D5  1,7544D146E+01 Np(\)
0.00000C00E+00  0.000000G0E+00  O.000C0000E+«Q00  C.0000DDDOE+DY Clod- (EL)
0.300000COE+00 0, (0Q00000E+00  0.000000DDE+00  0.Q0DDO000E+00 Phosphorus
D.Q0000000E+00  C.00D0000Q0E+I0  ©.00000DDODE+O0  0.0CDDONOOE+00 Elactron
-1.25055944E-15 -3.55273740E-15 -3.16089495E~15  0.00000000E+00 Charge
Solution Parameters, Calculated
SOLUTION MASS 467 .335543430028 grams
H20 MASS 351.998839687453 grams
TDS [g/kg) 327.663306631854 g/kgHZO
Specified Solutiom Density
DENSITY 1188,70522197651 kg/m"3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VOL 0.393147043346010 liters
DS 293, 368869726079 g/l
Density based on TDS and NaCl solutions 1138.70522197651 g/l
Percent relative error vs NaCl density 0.000000000000000E+DD0 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8.22153E~01  7.783%85E-01 0.9361 1.95390E+01  4.96989E+01  4.95336E+05
NaNpQ2C03 {s) NaMNp02003 (8) 9.87386E+00  1.00000E+00 1.000 3.47559E+00  8.84042E+00 1. 11224E+06
Na+ Na+ 5.61012E+00  5.27693E+00 0.940§ 1.97476E+00  5.02295E+00  1,15476E+05
c1- cl- 5.56057E+00 5,21732E+00 0.93g3 1.95732E+00  4.97BS8E+00  1.76S0GE+05
Ccod= co3= 2.270S8E-02  £.13801E-04 2.5892E-02  B.34440E-03  2.12246E-02  1.27367E+03
HCO3- HCO3 - 1.36956E-03  5.04583E-04 0.3684 4.82083E-04  1.22622E-03  7.48201E+01
CH- OH- 3.62200E-04  2.08552B-04  0.5457 1.34534E-04 3.4219BE-04 5.F1986E+DD -1.17E-09
Mp0O2 {003) 2=~ NpO2 (CO3)2=- 1.48219E-05  3.93404E-10  2.6%42E-05 5.217239E-06 1.32706BE-05  5.16313E+DD 1.59E-09
BpO2 {C03) 3==~ NpO2 (003) 3==- 6.77047E-D5  5.78442E-14  B.5436E-10  2.3833DE-05  §,06184E-05  2.72222E+01 3.46E~09
o2z {aq) cozi{aqg) 1.82542E-08  5.30275E-08 2.905 6.42544E-09  1.6343G6E-08  7.19279E-04 -§.83E-04
Np02CO3- NpO2003 - 1.34522E-07  2.43656E-07 1.812 4.73516E-08  1.20442B-07  3,96323E-b2 5_31E-12
NpO2+ NpO2+ 8.18986E~-10  1.60121E-09 1.955 2.882B2E-10  7.33267E-10  1.97283E-04  -1.64E-03
NpO2QH (aq) NpO20H (ag) 1.2B820B-1C  1.289208-10 1.000 4.53797E-11  1.15427E-10  3.30183E-05 3.168-D8
H+ H+ 9_80463E-12  3.76405E-11 3.439 1.45122E-12  8.77844E-12  §.84779E-0% -3 ,.32E~08
NpO2 (GH} 2- NpO2 (OH} 2- 4.35852E-12  1.2P676E-12  0.2875 1.53420B-12  1.90234E-12  1.18365E-06 6. 48E-DB
Na3H{C031)2.2H20, Trona 0.000DDE+0D  1.00DOQE+DD 1.000 0.0b000OE+C0  O.QO00QE+0Q  0.00DDCE+00  -3.51E+00
Na2C03.H20___ ___ _ Thermonatrite 0.0000DE+00  1.00DGOE+DO 1.000 0.QGO00E+0D  O.DOROOE+00  0.00000E+00  -2,36E+00
Wal2CO3.7H20_ __Na2C03-Heptahydrate ¢.Q00D0E+OG  1.000DQE+0D 1.000 0.00090E+DE  O.DOOCGOE+UD  0.00C0DDE+00  -2.07E+0D
Ra2C03 . 10H20, Natron 0.00000E+00  1.000DOE+00 1.060 0.0DDOQUE+DE  O_DOOGOE+00  0.000DDE+G0  -2.03E+00
NaBCO3 Nahcolite 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.0DDDOE+00  ©.00000E+Q0  -2.37E+Q0
NaCl. Halite 0.00000E+00  1.0000DE+Q0 1.000 J0.GG000E+0G  4.0G0GOE+00  §.80000E+(¢0  -1.31E-01
Na3RpO2 (G032 (s)_DISABLED DISABLED G.000Q0E+0d  1.0000DE+Q0 1.000 0.0C00DE+O0  0.00000E+0Q  D.DQO0O0E+DD  -9.30E+02
NaOH(aq)...... to.titrate.base.only 0.00000E+B0  0.C000BE+00 1.000 4.00C00E+00  0.00000E+Q0  ¢.0Q000E+G0  -2.94E+02
RpO20H(amor) ____ KWpOZOH (amor | 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.000DOE+00 0, 00000E+00  -3.76E+D0
WpO20H(aged) ____ NpO20H (aged) 0.00000E+06  1.00000E+DQ 1.000 0.000CCE+00  D.0000QE+0{  O.0DDOOE+0C -3 .16E+D0
HCl{agl....... to.titrate.acid.only Q.CODDOE+OL  O.0DO00E+00 1.000 0.0000CE+00  0.00000E+30  0._00Q00E+00 -2 ,.50E+D2

P = -log[miH+]]

NOTES :

DH = -log[a(k+}] = 10.4243
Oemotic Coefficient= 1.23827¢
Bguilibeivm RH (%) =  77.8%8521
Ionic Strength (m) = 5.634549
Density., kg/m3 = 1188.71

11.0086

- Water *molality® is mele fraction H20 in aqueous phase

- Gas *melality* and *activity” are gas partial pressures

- "Descriptor® means:
*dG/RT/1nl0 for species with nonzero concs.

(convergence critecion)

*Saturacion Index for minerals, S5I=logl|IAP/Ksp)
*loglo{activity} for aguecus species with very small concentraticns
*loglO(partial pressure) for gases
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<+ Total G/RT= ~4.66236092E+03
Plashing Titration # 14
# inversions for batch phlm 22
1Benchmark TITRATE Problem, LOG10 option; Np(vioZ with O3 in 5.6lmalal NaCl  FMT V2.0
¥ DATABASE: HMWRA/FWHG; Np(V)-Na-CO3-OH-Cl-Cla4d [NR94) ;
85.01.131 AM{III)-Na-Cl-C0Q3-504-PO4 {FRSRBS,FRFBO,P91,RFFR92,RPF94,RRFF94)
Pressures= 1.0000DE+00 [=] ATM Temperatyre=s 2.98E+02 [=] Relwvin
Elemental Abundances for Flash Problem
Total Moles Bg. Molaliky Ag. Molarity AQ. mg/fliter
2.92881252E+01 1.11015%354EB+02 9.34024309E+01 1.00187710E+05 Hydrogen
3.70593297E+01  5.56172351B+01  4.97975186B+01  7.896730419E+05 Oxygen
5.46033075E+00  5.61020635E+00 5.02316152E+00 1.15481328E+05 Sodium
C.GO0000000E+D0 0. 00040000E+D0 0.00000000E+C0 0.030Q0000E+00 Potassium
U.0J0000DCOE+00  0.000000DOF4+00  0.000D0DJ0E+0)  (.O0000DDOE+D0 Magnesium
0.00000C00E+00 0.00000000E+00 0.00CG0G00E+DD 0.9000C000E+CE  Calecium
1.,960354508+00 5.53351836E+00 1.95587023E+00 1.75842279E+05 Chlorine
0.000000D0E+00  0.00000C0DE+00  0.00000000E+C0  ©.000000DDE+00 Sulfur
3.488269792400  3.59127333E-02  3.21S48707E-02  3,86212153F+02 Carbon
0.0C00QO00E+Q0  0.00000000E+00  0.0000Q00UE+D0  ©.0000C0J0E+GO0  PosTon
0.C0DOOQ0OE+O0  0.00CGOQO0E+O0  0.00DOQOOCE+A0  0.00DO0DOU0E+00 NegTon
¢.0000000CE+DD 0.00000000E+QQ 0.00000000E+0D 0.00000C0DDE+O0 Air
0.90000000E+30 0. 00000000E+00 0.000C0D0OOE+0D 0.00000CDUE+0D Boren
0.30000G00B+00 D.000000G0E+00 1. 00000000E+DO 0.00000000E+0D Bromine
0.0000000DE+Q0  0.00000000E+00  0.00000D00E+0C O .00QO0000E+00 TracerEl
0.000C0000E+00  0,00000C00E+00  0.000060A0E+00 0. 000000GOE+00 ThiTv)
0.00000000E+0C 0.00000000E+C0 0.00000000E+00 0.00090900E+00 Am(III)
§.0000G000E<00  4.0000000GE«00  0.000GG0008+30  ¢.00DGTIG0E+GE  ULVI)
3.47561578E+00  1.55346593E-04 - 1.39091324E-04  3.29713479E+01 Np (V)
0.0C000Q00E+D0  0.00000000E+DT  0.000000DGE+00  0.00000000E+A0 Cl04-(EL)
0.0C¢00Q000E+DD 0.00000000E+DD 0. 00000000E+00 0.00000000E+DC Phosphorus
0. 00090000E+0G 0.000G0000E+DG 0. 00000000E+00 0.0000C000E+00 Electron
-8.00005678E-16 -2.26063503E-15 -2.02408511E-15 0.00GGOO0DE+QD Charge
Solution Parameters, Calculated
SOLUTTON MASS 469 . 810029265032 grams
H20 MASS 153, 885368468197 grams
TDS {g/kg} 327.57686B460594 g/kgHz0
Specified Solution Density
DENSITY 1186.66091947607 kg/m*3 = g/l
Solution Parameters Based on Specified Densikty
SOLUTION VOL 0.395243102189405 liters
DS 293.299643066972 g/l
Density based on TDS and Kal solutions 1188.66091947607 g/1
Percent relative error vs NaCl density 0. 000000000000000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Epecies Name Molality Activicy Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER B3.32282E-01 7.791%1E-01 @.9365 1.96437E+01 4.97003E+01 8.95361E+05
NaNpO2CO3(s),___ NaNp02C03(s) 9.0211SE+00  1.00000E+00 1.000 3.47556E+00  §.7934BE+00  3,D9571E+D6
Na+ Na+ 5.61021E+Q0 5.272310E+00 0.2398 1.98537E+00 5.02316E+Q0Q 1.15481E+D5
Cl- cl- 5.53952E+00 5.184%3E+00 0.%3e0 1.96035E+00 4.9593B7E+00 1.75842E+0D5
Co3= COo3= 3.39B12E-02 8.78458E-04 2.5851E-02 1.20255E-D2 3.04255E-02 1.82581E+03
HCO3- BCO3- 1.48B672E-03  S5.46468E-04 0.3676 5.26128E-04 1.33115E-G3  8.12230E+01
OH~ OH- 5.04619E-04 2.75M41E-04 0.5464 1.78577E-04 4.51B16E-04 7.68417E+00 -1,22E-0%
NpO2 {£Q3) 2=- NpOZ {CO3) 2=- 2.10028E-05 5.6352SE-10 2.6831E-CS5  7.43260E-06  1.BAOSIE-D5 7.31643E+00 1.18E-09
NpO2 {£D3 ) 2==- NpO02{C03) 3==- 1.342D8E-04 1. 1B5H4E-13 8.8359E-10 4.74943E-05 1.20165E-04 5.39629E+01 2.62E-09
CO2 fag!} COZ (ag) 1.49485E-08B 4.34356E-08 2.906 5.29018E-03 1,33846E-08 5.89054E-04 -7.17E-08
NpO20Q3 - NpO2C03- 1.34916E-07  2.43910E-07 1.808 4.77447E-08  1.20798E-07  3.97494E-02 5.29E-12
NDOZ+ NpO2+ S.77122E-10  1.1189798-09 1.540 2.04235B-10  5.16733E-10  1.39025E-04  -1.25E-09
NpOZOH (aq) NpO20H { aq} 1.19205E-10 1.19208E-10 1,000 4.21850E-11 1.06732E-10 3.0531kE-05 3.27E-08
H+ H+ 7.48733E-12 2.84836E-11 3.804 2,64966E-12 6.70386B-12 6.75682E-09 ~3.39E-08
NpO2 (OH) 2- NpO2 (OH) 2- 5.32952E-12 1.58534E-12 0.2%69 1.88956E-12 4.78080E~12 1.44888E-06 $.67E-08
Na3H(C03)2.2H20 Troma 0_00000E+00  1.000CDE+00 1.000 0.0CDGJE+OD  0.0QCOGE+O0  0.CG0QQ0DE+DD  -3.32E+00
Na2CO03 .H20, Thermonatrite 0. 00000E+00 1.00000E+00 1.000 0.0C000E+CD 0.0C0O0DE+CO ¢.0000CE+D0 -2.Z20F+00
Na2C03.7H20____Na2C03-Heptahydrate 0.00000E+00  1.000DOE+QO 1.000 0.000Q0E+G0  O.CODOOE+OD  0,00000E+00  -1.91E+00
Na2Co3 _10H20 Natron 14.000C0E+00  1.00GDAE+00 1.000 0.CDO0OE+D8  0.00000E+CC  0.000DDEB+00  -1.B87E+00
WaHCG3___ . ==~ Nahcolite ¢.000COE+0OC  1.00000E+00 1.000 0.GD000E+00  O.00000E+00  O_0O0DDDE+O0 -2, 14E+00
HaCl Halite 0.0C00DE+QC  1.DCDOOE+QD 1.400 0.00000E+Q0  0.DQOOOE+0D  0.00000E+00  -1.34E-01
Na3NpO2(CO2)2 (s} _DISABLED DISABLED 0_0OCDDOE+00 1.G0000E+0DD 1,000 0. 0{000E+DQ 0. 00000E+DD 0.00CODE+QQ -%.30E+02
NaOH{aq)...... to.titrate.base.only 0.00000E+00  0.DDOOOE+GD 1.000 0.00000E+00  ©.00000E+D0  0.00DO0DOE+00  -2.93E+D2
NpO2OH (amor ) NpO20H (amor ) 0.CDOQ0E+C0  1.00000E+0) 1.000 C.00000E+00  0.0000CE+00  0.0BDOJE+Q0  -3.79E+0D
NpO2OH(aged) . NpO20H(aged) 0.00Ga0E+00  1.0000DE+0Q 1.000 0.000COE+00  0.0000CE+00  O.CODOOE+Q0 -3 .20E+00
HCliaq)....... to.kitrate.acid.only 0.0C000E+DE  ©0.CCO00E+00 1.000 0.00000E+00  D.00000E+00  O.00CGGGE+00  -2.50E+02
poH = -legim{H+)] = 11.1257
pH = -log(a(H+)] = 10.5454
Csmotic Coefficient= 1.236838
Bquilibriwn RH (%1 = 77.939147
Ionic Strength {m) = 5.645593
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Density, kg/m3 = 1188.66
WOTEE: - Water *molality" is mole fraction H20 in aquecus phage
- Gas ‘molality* and "activity® are gas partial pressures
— "Descriptor* means:
*@G/RT/1nl0 for species with nonzero concs. {convergence criterion)
*Saturation Index for minerals, SI=logld (IAF/Ksp)
*loglOfactivity) for aqueous species with very small concentrations
*leglO{partial pressure) for gases
Total G/RT= -4.674436938+03
Flashing Titration # 15
¥ inversions for batch pblm 22
1Benchmark TITRATE Problem, LOGLO opticn; Np(V)0z with €03 in 5.61lmelal NaCl FMT VZ.0
DATABASE: HMWBA/FWE6; Np{V)-Na-C03-OH-01-Cl04 (NR94) ;
95.01.31 Am(III)-Na-Cl-CO3-S04-FO4 (FRSR&S,FRF90, P91, RFFRIZ RFF34, RRFF94}
Pregsure= 1,00000B+00 [=] ATM Temperature= 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
3.95867206E+01 1.1101964%E+02 9.94062599E+01 1.00191569E+05 Hydrogen
3.72253652E+01 5,56624366E+01 4.98398335E+01 7.97407433E+05 Cxygen
5.47601956E+00 5.61035435E+00D 5.02347422E+00 1,15488517E+05 Sodium
0.00000000E+0D 0.00060000E+00 0. 00000000E+00 0.000000DGE+0D Potassiuzm
0.0DCO00D0E+D0 0.00000000E+00 €. 00000DC0E+D0 0.C0DOO0RME+DE  Magnesium
0.0000000DE+0D 0. 0G000000E+00 ¢.00000000E+DC 0.C0000000E+0C Caleium
1.96468480E+C0 5._50%989354E+030 4.93352227E+00 1.749068165E+05 Chlorine
0. 30900000E+00 0. 00000000E+00 D.00000000E+00 0.0000000DE+00 Sul fur
3.49364905E+00 5.08518173E-02 4.554133528-02 5.46896977E+02 Carbon
0.0Q000C00E+00 0. 00000000E+D0 0.000000008+00 0.080000004E+0C PosIon
1.000C0C00E~QQ 0.00000CC0OE+O0 1.00000000E+00 0.00000000E+00 NegIon
0.000C0000E+00 1,000G0000E+00 0.C00000DDE+QD 0.00D0000CE+00 Air
0.00000000E+0D 0.00000000E+00 0.00000000E+00 Q.0000000CE+00 Boron
0.00000000E+00 0.0CORDAOQE+DD 0. 00000000E+00 0.00000000E+00 Bromine
0.000D0300E+00 0.00000000E+OC 0.00D00000E+(0D 0.00000000E+00 ‘TracerEl
0.0G000A00E+DD 0.00000000E+00 0.00DA000CE+DD 0.000C0000E+D0  Th{IV)
0. 00DO0000E+DD 0.C000J000E+a0 0.00000000E+0D 0.00000C00E+00 Am(III}
0.000C0a00E+0D 0.00DC0Q00E+DD 0. 00000000E+DD 0.0000000GE+00  U(VI)
3.47561578E+0¢ 2.88102498E-04 2.57965074E-04 6.11501564E+01 Np(V)
0. 00GO0000DE+DD 0.00000000E+00 G.00000000E+D0 0.00000000E+DE C104-{EL)
0. 00000000E+(( 0.00000000E+D0 0. ¢G000000E+O0 0.0000000DE+00 Phosphorus
0. 0CG0000DDE+DD 0.00000000E+Q0 0.00000000E+OD 0.00000000E+00 Electron
-1.86320143E-15 -5.22528680E-15 -4.57868728E-15 0.00000000E+00 Charge
Selution Parameters, Calculated
SCLUTION MASS 473.339684833635 grams
H20 Mass 356,574003417592 grams
TOS (g /ky} 327.465491025424 g/kgH20
Specified Selution Density
DENSITY 1138,60383111845 kg/m~3 = g/1
Solution Parameters Based on Specified Density
SOLUTION VOL 0.39B231666549681 liters
pisi: 283.2102437350584 g/l
Density based on TDS and NeCl soluticns 1188.60383111845 g/l
Percent relative error wve NaCl density 0.00000000C000000E+00D %
TABLE OF COMCENTRATIONS FOR BATCH SYSTEM
Epecies Name Molality Ackivity Act Coef Total Molas Molarity mg/liter Descripior
H20 WATER &.32465E-01 7.78962E-01 7.9369% 1,97930E+01 4.97021E+01 B.95193E+0D5
NaNpO2C03 (s) NaNp02C03 (5} 5.74696E+00  1.00000E+30 1.000 3.47551E+00  B,72736E+00  3.07243E+06
Na+ Na+ 5.61035E+00 5.26665E+00 q.9387 2.00G51E+00 5.02347E+00 1.15489E+05
cl- <1- S.50989E+00 5.13884E+00 0.9327 1.96468E+00 4.93352E+00 1.74908E+05
Co3= Cod= 4.83371E-02 1.24807E-03 2.5788E-02 1.72571E-02 4.33344E-02 2. 60046E+03
HCO3-~ HCO3- 1,.63010E-03 5.97114E-04 a0.3663 5.81251E2-04 1.45958F-03 8.30593E+01
G- OH- 6,55397E-04 3.58782E-04 0.547¢ 2.33698E-4 5.86333E-04 5. 35054E+00 -1.54E-09
NpO2{C03) 2=- NpO2 (C03) 2=~ Z.94209E-05 B.01487E-10 2.7242E-05% 1.04%07E-05 2.63433E-05 1.02493E+01 9.68E-10
NpO2 {CO3) 3==- NpPOZ (CO3 ) 3=w— 2.58546E-04 2,39623E-13 9.26B1E-10 9.21506E-05 2.31500E-04 1.03961E+D2 2.1BE-09
Np02C03- NpO2C03 - 1.35468E-07 2.44172E-07 1.802 4,83043E-08 1.212587E-07 3.99135E-D2 6.0PE-12
Co2i{aq) co2{ag) 1.25492E-08 3.64751E-08 2.907 4.474972E-09 1.12365E-08 4.94515E-04 -B.67E-08
NpQzZ+ NpO2+ 4,11022E-10 7.89015E-10 1.92¢ 1.46560E-10 3.68027E-10 9.90165E-D5 ~1.07E-09
NpO20H (ag) NpO20H{ag) 1,09291E-10  1.09291E-10 1.000 3.89705E-11  9.78589E-11  2.79929E-D5 3.69E-08
H+ H+ 5.83272E-12 2.19064E-11 3.756 2.07380E-32 5.2225BE-12 5.26384E-09 -3.B0E-08
Np02 (OH) 2- HNpO2 {0H) 2- 6.38945E-12 1.89128E-12 0.2960 2.27B31E-12 5.72Z107E-12 1.73384E-06 7.50E-08
NaJH(CD3}2.2H20 Trona ¢, Q000UE+00 1.00GOGE+OG 1.000 0.CGO0000E+CO 0.C00Q0E+DO 0.0000DE+00Q ~3.L3E+Q0
Ma2CO3 . H20___ __ Thermonatrite {1.00CCDE+O0 1.00000E+00 1.0400 0.CDOD0E+DD 0.00000E+GE 0.000G0E+Q0 -2.D5E400
NaZC03.7THZ20____Na2C03-Heptahydrate 0J.00CC0E+OD 1.00000E+0C 1.040 0. 0{000E+D 0_00000E+GD 0.Q00C0E+00 -1.76E+00
Na2C03 .10H20 Natron 0. 00000E+00 1.00000E+00 1.000 0.00000E+DD 0.00400E+0D 0.0000DE+00 -1.72E+Q0
NaMCO3__ = Nahcolite 0.000DDE+OC  1.GCOGOE+CO 1,000 0.000Q00E+0)  0.00000E+D0  0.00CO0E+00  -2.10B+00
NaCl Ealite 0.0C00QE+OD 1.C00)0E+00 1.000 0. 00000E+DD 0.000Q0E+DD 0.000DOE+DQ -1,388-01
Na3NpOZ (CO3)2 (%) _DISABLED_DISABLED 0.0C000E+00  1.00DQ0E+0D 1.000 0.00000E+00  ©0.00000E+D0  0.00CDOE+00  -9.30E+02
NaCH{ag}...... to.titrate.hnse.anly 0.0CDDOE+CD 0.00000E+0D 1.000 0.00000E+30Q 0.00000E+00 0.00C00E+00 -2.93E+02
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Appendix N: Sample OQutput File "Np_NaCl_BM_1L0G.0UT”

5 MpO2OK{amor} NpOZaH(amor | 0_00LO0E+0C  1.GOOOOE+CG  1.000 0.DEUODE+DD  0.DODDOE+DD  O.00QGOE+00 -3 ,83E+DD
NpO20H (aged) NpO2OH (aged) 0.COOOGE+00  1.DCOOOE+CD  1.000 ©.00000E+00  ©.00000E+D0  O.0CO0OE+00  -3.23E+D0
HEl{eql......-to.titrate.acid.only 0.00000E+00  0.00000E+GD 1.000 0.00000E+00  ©.00000E+Q0  0.00DOOE+00 -2 .50E+02 -
pmH = -loglmiH+) ] = 11.2341
pH = -logla(H+}] = 10.5594
Osmotic Coefficient= 1.,234823
Bquilibrium FH (%) = 77.996177
Ionic Strength (m) = 5.661425
Density, kg/md = 118860
NOTES: - Water "molality" is mole fraction H20 in aguecus phase

- Gas “melality” and *activity* are gas partial pressures

~ 'Descriptor" means:
*dG/RT/1nl0 for species with nonzero concs. {convergence criterion)
*Saturation Index for mimarals, SI=loglQ{IRF/Ksp)
*logll{activity) for aquegus species with very small con¢entrations
*logll{partial pressure] for gases

Total G/RT= -4.69179003E+03
TITRATE file name is Ul: [SCBABB.FMT.USERGUIDE]NP_MACL_BM_LOG . TITRATE; 1
MOLES file mame is ULl:[SCBABB.FMT.USERGUIDE]NP_NACL_BEM_LOG.MOLES;1




FMT, Version 2.0
User’s Manual, Version 1.00

WPO # 28119

November 17, 1995

Page 168

Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

Appendix O

: Sample Output File “Np_NaCl_BM_LIN.OUT”

INPUT file name is UL:[SCBABB.FMT.USERGUIDE]NP NACL_BEM_LIN.IN;1
INGUESS file name is Uli:{SCBABB.FMT.USERGUIDE }NP_MACL_EM_LIN.INGUESS:1

QUTFUT file pame is Ul: {SCRABB.FMT.USERGUIDE }NP_NACL_BM_LIN,CUT;2

CHEMDAT £file neme is Ul: (SCBABB.FHMT.USERGUIDE] FMT_HMW_NP_AM.CHEMDAT; 1
Temperature is Hard Coded as 298.15¥

Benchmark TITRATE Problem, LINEAR option; Np{V)O2 with C03 in 5.61molal Nacl FMT v2.0

DATRBASE: HMW84/FWEG; Np(V)-Na-CO3-OH-CL-C104 (NR94):
95.01.31 Am(IIT)-Na-Cl-Col-504-FC4 (FRSR89, FRF30, P91, RFFR9Z, RFF94, RRFFI4)

R A L e e R L L e 2 2 L e L L L L P

*** ECHO FRINT OF “CHEMDAT"

ey

SEE APPENDIX J

FILE WOULD BE HERE *#**

T

L L e L T e R T T T st L T

TITRATION FProblem:

-} Assigning all deltaly)

te 0.1 m

-} Setting ¥ of nodes in ¥Y-direction to 3
-} Setting NONREACTIVE Porxogity te 0.0

Specifying VARIABLE FOROSITY for TITRATICN Prcblem

Aquecus Density is & Function of Compasition

RHOMIN  file name is UL: [SCBABB.FMT.USERGUIDE] FMT_HMW_NP_AM.REOMIN:L

LR e L L E T R T A R T S T T L L

*** TABLE OF MINERAL DEMSITIES, KG/M*3 WOULD BE HERE **#

rre

SEE APFENDIX L

hk

L R R L e L L L L T L R Tt AR L L

GRID BLOCK VOLUMES, in liters

1.00E+D0 1.00E+00

1.00E+00 1.00E+G0

1.0QE+D0 1.00E+DD

1.GOoE+0OD 1.00E+DO

1.00E+00 1.0GE+0D

1.008+00 L1.00E+CD

# inversions for hatech pblm

1.00B+00 1.C0E+QQ0 1.0QE+Da

1.008+00 1.00B+00 1.00B+0D

1.00E+00 1.00E+GC 1.00E+00

50

1.00E+0C 1.Q0E+00 1.008+00 1.00E+00 1.00E+0C 1.Q0E+DD

1.00E+00 1.00E+00C 1.DDE+00

1.00E+0¢ 1.00E+0D

1.00E+00 1.00E+00 1.J0E+00 1.00E+00

1.00E+CQ 1.C0E+00 1.00B+00 1.J00E+00 1.00B+00 1.0CE+00 L.0QE+00C 1.00E+00

DATABASE: HMWA4/FWB6; Np{V)-Na-CO3-OH-C1-ClC4 (NR94)
95.61.31 Am{III}-Ne-Cl-003-564-F04 {FRSR89, FRPI(, P31, RFFRER, RFFY4,RAFF94)
1.00000E+00 [=] ATM

Pressure=

Elemental Abundances for Flash Problem

Total Moles

1.11017363B+02
6.15086815E+01
5.610000C0E+Q0
0. 00000000E+30
0. 0GQ000LOE+GQ
0.00C0Q000E+DE
1.61000000E+DD
0.00000C00R+00
2.00000001E+00
9 .000DDOG0E+QO
0.000C0000E+00
0.00000000E+Q0
1. 00000000E+0O0
Q. 00000000E+00
4, 00000000E+00
0. D3QOR0DDLE+RE
0.00000000E+00
0.00C00000E+00
0.00000000E+DQ
0.000C0000E+0D
0.00000G00B+00
0.000D9DTAE+DD
-2.22044605E-15

hg. Molality

1,11029658F+02
6.15154934E+01
5.61062129E+00
0.00000000E+00
0. 300000008+00
0.0GG00000E+00
1.61017830E+00
0.00000GCOE+OD
2.0002%150E+00
0. 000000 00E+00
0,0000000DE+0D
0.0000GDAQE+QD
0.00000C00E+C0
0.000000010E+00
©. CDOdVo00E+DD
O DODOQOOGE+BD
0.00000000E+00
0.00000000E+00
0.00000000E+0C
0.0000G000E+00
0.400000DDGE+OD
0.0000B000B+00
-2.22069196E-15

Solution Parameters, Calculated
1306.070229209430
590_8892£5717486

SOLUTION MASS

H20 MASS

Moo oo Qoo arROMIDDD WL

Temperature=

Aq. Molarity

00100314E+D2
54601388E401
d5833276E+0D
000C0A00E+Q0
0OO00000E+0D
00000000E+DD
45167838E+00

.00DC00O00E+(00
.80332719E+00
. 0000000E+00

000COQ00E+D]
00900000E+00
0OCDOO000E+QD

.0G009000E+00
. 0000000 0E+00
- DOOOQDDDELOD

00000000E+D)
Q000000D0E+QD
¢0000000E+CD
DGCO000D0E+QC

.00000000E+D0Q

000CDOOAE+DG
00Z09536E-15

grams

Ag. my/liter

1.00891107E+05
8.87328944E+05
1.16289907E+05
0. 00000000E+DQ
0. DOODEDOGE+DD
0.000000DCE+DD
5.14663538E+04
0. 00000RO0E+DT
2.16597629E+D4
0. 00000000E+0D
0.00000000E+DD
0.000D0000E+30
0. 00000000E+DD
0.00000HA0E+DQD
0.0D0{{10000E+00
0. 0LDH0DDLE0D
0. 0090000GE+DD
0.00000000E+00
0.0D00000DE+0D
9.00000000E+00
0.C000DPROE+0D
0. 80000000E+00
0. 00000000E+0C

7 1Benchmark TITRATE Problem, LIMEAR option; Mp(V1Q2 with C23 in 5.6imolal NaCl FMT V2.0

Z.9BE+02 [=] Kelwin

Hydregen
Cxygen
Sodiwm
Potassium
Magnegsium
Calcium
Chlorine
Sulfur
Carbon
PosIon
NegIon
Air

Boron
Bromine
TracerEl
Th{IV}
Am(III)}
oivI)

Hp V)
Clod4-(EL)
Fhosphorus
Electron
Charge
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Appendix O: Sample Ontput File “Np_NaCl_BM_LIN.QUT"
TDE(g/kg) 306.2149816877726 g/kgH20
Specified Solution Density
DENSITY 1177.63607439302 kg/m*) = g/l
Solution Parameters Bazed on Specified Density
SOLUTION VOL 1.10906108219560 liters
DS 276.072326670473 g/l
Density based on TDS and NaCl scluticons 1177.63607439302 g/l
Percent relative error vs NaCl density 0.0000C000000C000E+000 %
TABLE OF COMCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Ackivity Act Coef Total Mcles Melarity mg/liter Descriptor
H20 WATER 8.57464E-01 8.59H43E-01 1.003 5.55025E+01 5.00448E+D1L 9 _01584E+05
Na+ Na+ 5.61D62E+0D 3_69BB1E+00 0.6593 5.61000E+00 5.05833E+00 1.162%0E+05
Q03= CO3= 1.99407E+0D 4.09214E-02 2.0522g-02 1.99385E+00 1.79778E+00 1.078B4E+05
Cl- cl- 1.61018E+00  1.06477E+G0  ©0.5613 1.61000E+Q0  1.45168E+0C 5.14664F+04
BCO3- BOO3- 4.14734E-03 1.59044E-03 0.2587 6.14666E-03 5.54322E-03 3.38L70E+02
o CH- 6.14733E-03 4.86901E-03 C.7921 6.14665E-03 5.54221E-03 9.42580E+01 2.00E-11
€02 (ag} €02 (aq} 2.36876E-09 7-.15913E-09 3.022 2.36850E-09 2.13559E-09 9.39868E-05 -2.12E-07
H+ 15 2.39954E-12 1.77959E-12 0.7416 2.39927E-12 2.16334E-12 2.18043E-09 —-8.58E-08
NajH(C03)2.2H2C Trona .00CCDE+QQ 1.00000E+0C 1.000 0.00000E+00 0.DQ000E+C0 0.00060E+00 -1.57E+00
to.titrate.acid.only 4.00600E+00 0.00C00E+00 1.000 0. 00G00E+DD 0.00000E+DD 0. 000C0E+20 -2.52E+02
to.titrate, base.only 0.00000E+00 0.00CDOE+0OC 1.000 0_C0Q00E+00 0.00900E+00D d.0000C0E+{0 -2.92E+02
Halite 0.00000E+Q0 1._00000E+0D 1.0400 0.00000E+0D 0.00DQAE+DO . 0000CE+D0 -9.75E-01
NaHCO3 . Mahcolite 0.0000DE+0C 1.00000E+Q0 1.000 d.00000E+00 0.000C0E+00 G, GIQ00E+0a -1.83E+J0
Na20Q03 . 7H20,____Na2CCl-Heptahydrate 0. 00000E+00 1.9000CE+Q0 1.000 0.00000E+0DD 0.00000E+00Q . 00000E+DO -2.51E-91
Naz2Co3 . H20 Thermonatrite 0.00000E+0C 1.00000E+Q0 1.000 0.00000E+00 0.0DDRGE+Q0 0.00000E+00 -7.99%E-01
N=a2C03. 10H2C Natron 0., 00000E+00 1.00000E+00 1.000 {0.00000E+QC 0.0D0QOE+QQ 0. 00000E+00 ~3.30E-02
PrH = -logim(H+)} = 11.5819%
FH = -log[a(B+)] = 11.74%7
Osmotic Coefficient= 0.306418
Equilibrium RH {%} = 85.584284
lonic Strength {m) = 7.604695
Density, kg/m3 = 1177 .64

NCTES: - Water "molality* is mole fractiem H20 in agueous phase

- Gas "melality" and ‘activity“ are gas partial pressures

- *"Degcériptor” means:
*d3/RT/1nl0 for species with nonzero concs. [convergence criterion)
*Sacuration Index for minerals, SI=logld(IAP/Ksp)
*loglC(activity] for acueous species with very small concentrations
*logll(partial pressure) for gases

Total G/RT=

Reaction #

«6.421313776E+03

1 sldsum

This is a golid-only reaction

shifting left by

LDATARASE:
95.01.31
Fressurez

2.60000000000000

4.64434654478256
<alling makenuv for allomorphic reactions
¥ inversions for batch pblm

75

Elemental Anundances for Flash Prcblem

Total Moles

1.11018363E+D2
1.05508682E+02
1.561000Q00E+01
0.00000000E+00
0.0000G000E+00
+Q0DOR0Q0E+0D
.611080G0E+00
.00C0L000E+00
L000C0090E+QL
Q00COO0DOE+00
.00000000E~00
QQQ00DJ0E+QD
JA00C000E+Q0
Q000C000E+00
G0000000E+QD
-4000000GE+QQ]
Q0000000E+Q0D
000Q0000E+GT
DGOJ00D0E+{]
0G000000E+R0
.D00000Q0E+DD
D0GOO000E+DD
.37316632E-15

NODOOOCHFOoOOoODAQAODODOoOOoOOoDHROWO

Ag. Molality

1.11017591E+02
L55113597E+01
.61D573B2E+0D
.0000C000E+0D
.000DCO00E+DD
.0000DGOOE+DD
.E109609BE+00
. G0000000E+Q0
12833261E-04
Q000000 0E+00
90000CG0CE+Q0
00000CDOE+00
00000C00E~00
000Q0C00E+Q0
. DD00Q00DE+DD
. G00000Q0E+DT
.00000000E+00
GOFIJ000E+ T
12B39261E-04
000RD000E+RD
0.0000C000E+DD
0.000000C0E+DD
~2.373143B1E-15

ChoOogocooooaodcholnooounyd

(NRS4) ;
(FRSR89,FRF20, P91, RFFRIZ, RFF94, RRFF94)
Temperature= 2.98E+02 {=] Kelwin

Ag. Molarity Ag. mg/liter
5_93E38868E+01 1,00i6%020E+05 Hydrogen
4.96942389E+01 7.9507BO06E+D5 Oxygen
5.02263316E+00 1.1546%181E+05 Sodium
0.GCQ00000E+00  0.00C00000E+00 Potassium
0.00000000E+00 0.0D0000000E+00 Magnesium
0.00000000E+OC 0.00000000E+00  Calcdium
5.02297975E+D0 1.780797C1E+D% Chlorine
0.00000G0QE+DD 0.00000000E+00  Sulfur
5.48618892E-04 €.58946152E+00 Carbon
4.00000000E+00  0.00000000E+0C Poalom
0.,00Q0C000E+00D 0.000000CDE+00 NegIon
0.000000Q0E+0D 0.000GD000E+00  Air
(.00C00000E+Q0  0,000G0000E+D0  Boron
0.00CC0000E+CD C.0000CDO0E+DD  Bromine
0. {{1000000E+00 0_0C000000E+00 TracerEl
G.000000CDE+O0 04.0C000000E+00 Th(IV)
0.0000CD00E+DC 0.D0000CDOE+DD Am{IIT}
0. 0J000000E+ 040 0. 0G000000E+00  U{VIi
5.485188%2E-04 1.30049121E+02 Npi{v)
0.C00Q000CE+0L  0.0D00DORDE+OG ClO4A- (EL)
0.000C0900E+00 0.00000DCOE+O0 FPhosphorus
0.000C0000E+00 0.000000GOE+O0 Electron

-2.12446380E-15

0.000000C0E+DD

Charge

i 1Benchmark TITRATE Problem, LINEAR option; Np{V)02 with €03 in 5.6lmolal NaCl FMT V2.0
HMW84 /FWA6; Np(V)-Na-CO3-0H-Cl-Cl3d
AmM[IIX}-Na-Cl-C03-804-PO4
1.00000E+00 =] ATHM
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Appendix O: Sample Output File *Np_NaCl_BM_LIN.QUT”
Solution Parameters, Calculated
SOLUTICHN MRSS 1328.11614865142 grams
H20 MASS 1D00.006954663819 grams
TDS(g/kg} 328.106912108529 a/kgH20
Specified Solution Density
DENSITY 1188.93254605477 ka/m™1 = g/l
Solution Parameters Based on Specified Density
SOLUTIGN VOL 1.21706602116201 liters
TDS 293.724084134187 g/l
Density based on TS and NaCl solutions 1188 .93254605477 a/l
Percent relative error vs NaCl density £.0000000000C0000E+Q00 %
TABLE OF FONCENTRATIONS FOR BATCH SYSTEM
Species Name Melality BcEivity Act Coef Total Moles  Molarity mg/liter Descriptor
H20 WATER 8.31822E-01  7.77959E-01  0.3352 5.55091E+01  4.96918E+01  §.95208E+05
HaRpO2CG3 {s) MaMNp02Co3 (s} 9.99932E+00 1.00C0QE+0D 1.000 9.39939E+00 §.95147E+DD 3.15133E+06
ci- Cl- 5.61096E+00 §.29329E+00 0.9434 5.61100E+00 5.02298E+00 1.730B0E+QS
Na+ Na+ 5.610STE+D0  5.29268R+00  0.9433 5.51061E+D0  5.D2263E+DD  1.15469E+05
NpQ2+ NpO2+ 6.12705E-04 1.21978E~03 1971 6.12709E-04 5.4849%E-04 1.471572E+02
caz{aqg) C0z{aq) 3.86103E-04  1.121158-03 2,904 3.86106E-04 3 .45643E-04 1.52117E+01
HCD3- HCO3- 2.26571E-04 B.38810B-05 0.3702 2.26573E-04  2.02B298-04  1.23760E+01 4.26E-02
NpD2CO3~ BpO20C03 - 1.33526E-07 2.42971E-07 1.820 1.33527E-07 1.19534E-07 3.93334E-02 -1.9%E-11
H+ H+ 1.321872E-06 4.78095E-08 3.523 1.21873E-06 1.091D1E-06 1.09962E-03 -4_3BE-08
CO3= Cco3= 3.03384E-D8 §.03342E-10 2.5966E-02 3.09386E-03 2.76963E-08 1.66203E-D3 -1.62E-07
OH- OH- 3.0LlEB5B-09  1.63977E-D9  0.5435 3.01687E-09  2.70071E~09  4.59318E-05 2.55E-08
RpO20H {ag) NpC20H (adg) 7.721B6E-10 7.72186E-10 1.000 7.721921E-10 6.91267E-10C 1.97740E-04 1.87E-07
KpO2 (C03 ) 2=~ NpOZ {C03 ) 2=~ 1.98384E-11 5.13354E-16 2 .5877E-D5 1.98385E-11 1.77595E-11 6_90360E-06 -1.62E-07
HpO2 (GH} 2- NpD2{oMH)2- 2.04382B-15  £.107038-17 0.3988 2.D4383E-16 1.82964E-16 5.54494E-11 2.13E-07
NpQ2 (CO3 } 3==- NpO2{C0313==- 1.25197E-16 9.87896E-26 7.8908E-10  1.25198E-18 1.12077E-16 5.03310E-11 -3.23E-07
NpQZOH(aged) . WpOR0H{aged) 1. 00000E+00 1.00C0QE+Q0 1. 000 0.COO00E+DD 0.00000E+CC 0.00000E+00 -2 .38E+00
NaOH(aq) ...... to.tivrate.base.only 0.00000E+00  Q,00000E+00 1.000 0.00QO0E+0D  O.DODOOE+D0  0,Q00000E+00  -2.99E+02
. HCL{aq) . ...... to.titrate.acid.only 0.00000E+00  8.00000E+00 1.c08 0.0CDQAE+DD  O.CO0DOE+OD  .00000E+00  -2.45E+02
P Na3NpO2 (C03)2{s!_DISABLED DISABLED 0. 00000E+00 1. 00000E+00 1.p00 0.0DDODE+OC  0.0CCODOE+00  O.Q0000E+D0 -9 36E+02
NaCl Halite 0.0C000E+Q0 1.00000E+{0 1.000 @ .00000E+00 {+.00000E+DD 0. 00Q00E+DD -1.23E-01
MaMCRI______ = Naheolite 0.00000E+00  1,00000E+C0 1,000 ¢.00000E+90  ©.00000E+00  0.DEOOOE+D0  -2.95E+C0
Na2CO3.10H20___ _~ Natron 0.0DCOOE+D0  1.00000B+00 1.000 0.000D0E+00  0.00000E+00  0.000Q0E+00  -7.91E+(0
Na2C03.TH20 NaZ{03-Heptahydrate 0.000R0E+DO 1.00000E+DQ 1.000 D.09000E+0Q 0.90000E+00 0.0000QE+00 -7 .95E+00
NalC03 .H20 Thermonatrite D_000OCH+DD 1. 00000E+DE 1.000 0. ¢0O0DE+DD 0. 00000E+(0 0. 00C00E+0OD -§.24E+00
Na3H(CD3)2.2H20, Trona 0.00000E+00  1.00000E+D0 1,000 0.00000E+30  0.00000E+D0  O_0COOOE+00  -1.02E+C1
NpO2OH{amor)__________ NpO20H{amor) 0.00000B+00  1.0COOQE+00 1.800 0.00000E+Q0  0.000Q0E+00  0.00DO0E+00 -2 .98E+00
e = -log[m(H+}] = 5.9141
pH = -logla{f+}] = 5.3208
Osmotic Coefficients 1.241871
Equilibrium RH (%) =  77.795863
Ionic Strength (m) = 5.6111R08
Density, kg/n3d = 1188 93

NOTES: - Water "molality* is mole fraction H20 in aguecus phase

- Gas "molality* and “activity" are gas partial pressures

- "Descriptor® means:
*dG/RT/In10 for species with nonzero concs. {convergence criterion)
*Saturation Index for minerals, SI=lc¢lo{IAP/Hsp)
*logll(activicy) for equecus species with very small concentrations

*logllipartial pressure) for gases

Total G/RT= -1.33323084E+02
Plaghing Titvation # 1
# inversions for batch pblm 11
‘47 1Benchmark TITRATE Prohlem, LINEAR option; NMp(V}O2 with CO3 in 5.6lmclal NaCl FMT V2.0
* DATABASE: HMWH4/FWEE: Np(V)-Na-CO3-OH~Cl-Clcd (NR94):
95.01.31 AM{IIT)~Na-C1-CO3~50d-PO4 (FRSRAS, FRFY0, P91, RFFRO2, RFF94, RRFF94}
Pressure= 1.00000E+08 [=] ATM Temperature= 2.98E+02 [=] Eslvin

Elemental Akundances for Flash Prcklem

Total Moles 2g. Molaliey AqQ, Molarity Aq. mgr/liter
3.B5857174E+01 1.11017591E+D2 9.93A39B68E+01 1.00169020E+05 Hydrogen
3.66707638E+01 5.55113597E+01 4.96942383E+01 7.95078006E+05 Qxygen
5.42543623E+00 5.61057302E+00 5.022633A6E+00 1,15469181E+05 Sodium
0.0Cc0OQ000E+CD Q. 0000DQQ0E+DD 0.09900000E+00 0.00D90000E+00 Potassium
0. 0DDO0000E+DD 0.0000DDODE+DD 0. DDDHOODDE+DD 0.0000D0Q0E+00 Magmesium
0.00000G0OOE+00D 0.00000000E+00 4.00000000E+00 0. 0000DG00E+(0  Calcium
1.95016801E+00 5.61096093E+00 5.02297975E+D0 1.78079701E+05 Chleorine
G . 00000000E+00 0.DDCGOYOQOE+CO 0. 000000DOE+QD 0.00DDGA00E+00  Sulfur
3.47561578E+00 6_12B39260E-04 5.4B618892E-04 6.58946151E+00 Carbon
D.DDDODODDE+DD 0.000DC00QE+DD O_poDe0O0DE+D0 0.0000DEDOE+DE PosIon
G.00000000E+0D 0.00C00000E+OD Q.00000000E+00 0.00000000E+CD Neglon
0.C00G0Q00E+00  0.CO0C00000E+D0  0.DQ00OODOE+O0  0.0000000DE+00 Air
0.0CDOG0J0E+CD 0.00000000E+DD 0.00000000E+00 0.000H0000E+00 Boron
0.00C00000E+00  0.000COOOOE+CC  O.0Q00D000CE+00  0.00000Q000E+)0 Bromine
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.OUT”

Q.90000C0OE+00 0.00000000E+00 0.00000GDDE+Q0 0.00000000E+00 TracerEL

{.000000C0E+00 ¢.00000000E+00 0.00000C00E+00 0.00000000E+30 Th(IV)

0.00000CDOE+OD 0.00000C00E+Q0 {.00CG0OG0EDD 0.00000000E+00 Am(III}

2. 46000008+ 00 2. 00Q00000E+00 0.00000000B-00 0.D0000DDDIEDD  D{VI)

3. 47561578E+00 6.12839260E-04 5.48618B8%2E-04 1.30049121E+02 HNp(V)

0. 00000000E+0Q 0.00D00000E+GE 0. 00000000E+C0 0.00000000E+00  C104- (EL)

0.00000000E+0D 0.9000C000E+0D 0.000CO000E+DO 0.00000G00E+00 Phosphorus

0.00000090E+00 0.00000000E+0D 0.000R0000E+0D 0.00000000E+00 ERlectron
-6.24525850E-16 -1.99826754E-1% -1_78886601E-15 0.0000000E+00 Charge

Solution Parameters, Calculated

SOLUTICN MASS 461.602144251012 grams
H20 MASS 347,563995068956 grams
DS {g/kg) 323.106912108175 g/ kgH20
Specified Solutien Demsity
DENSITY 1188 .9325460545% kg/m~3 = g/1
Solution Parameters Based on Specified Dengity
SOLUTION VoL 0.388249228926247 liters
TDS 293,724084133802 g/l
Density based on TDS and NaCl solutions 1188,.9325460545% g/l

Percent relative error ws NaCl density £.000000000000000E+000 %

TABLE OF CONCENTRATIONS POR BATCH SYSTEM
Species Name Molality Ackivity Aot Coef Total Moles Molarity mg/fliter Descriptor

HZO WATER §.31822E-01 7.77R5%9E-61 &.53352 1.823832E+01 4.96918E+01 8.95208E+05
NaNpO2C03(s) _____ NaNpO2C03(s) 9.99932E+00 1.00DGAE+0D 1.600 3.47540B+00 §.35147E+00 3.,15133E+06
cLl- Cl- 3.61096E+00 5.293129E+00 0.5434 1.950178+00 5.02298E+00 1.780BOE+0S
Na+ Na+ 5.61057E+00 5.29268E+0D0  0.9433 1.95003E+D0 5.02263E+00 1.154E5E+05
NpGZ+ NpO2Z+ 6.12705E-04 1.21978E-03 1.991 2,12954E-04 5.48499E-04 1.47572E+02
CazZlaqg) COZlag) 3.86103E-04 1.12115E~-03 2.904 1.34196E-04 3.45643E-04 1,.52217E+{1

HCO3~ HCO3- 2.26571E-04  §.38810E-05  0.3702 7.87481E-05 2.02B29E-04  1.23760E+01  -6.17E-15
H+ B+ 1.21872E-06 4.78095E-06 3.923 4_23582E-07 1.09101E-06 1.09962E-03 6.17E-15
NpD2CO3- NpO2C03 - 1.33526E-07  2.42971E-07 1.820 4.64090E-08B  1.19534E-0T7  3.93334E-02 1.85E-14
FiE C03= co3= 3.p9384E-08  B.03343E-10 2.5966E-02 1.07531E-08 2.76953E-08  1,66203E-D3 0.00E+0Q
Fw OH- OH- 3.01685E-09  1.63977TE-09  0.5435 1.04855E-09  2.70071E-09  4.593182-05 -6.17E-15
NpO20H {ag) NpO20H (ag) 7.72186E-10  7.72186E-10 1.000 2.68384FE-10 6.91267E-10  1_97740E-04 0.00E+00
NpO2 (003} 2=- NpO2 {CO3) 2=~ 1.98384E-11 5.13355E-16 2.5877E-05 §.895L1E-12  1.77595E-11  &,90960E-06 0.00E+00
NpO2 (OH} 2- NpO2 (OH) 2- 2.043B1E-16  6.10703E-17 0.2988 7.10356E-17  1.82964E-16  5,54494E-11 1.21E-14
NpOZ (CO3 | 3==- RpO2 (CO3] 3==- 1.25197E-16 9.F7897E-26 7.§%Q8E-10  4.35239$B-17 1.12077E-1f 5.03310E-11  -3,53E-10
BCl{ag}......, to.titrate.acid.only 0.00000E+00  O_CCDOOE+GO 1.a00 0.0000CE+00  0.00000E+00  0.CO000E-Q0  -2.45E+02
RpO2OHlaged)___ ___ NpO20H(aged) 0.000C0E+00  1_00000E+DO 1.000 0.00000E+00  0.00000E+OD  0_O0000E+00 -2 ,38E+0D
NpQ20H (amox ) NpO2OH { amor ) 1.00DO0E+00  1.00000E+00 1.000 0.DO000E+Q0  0.00Q00E+00  (.00CDOE+00 -2 .98E+CO
NaDH(aq)...... o . titrate.base.only 0.00000E+00 0.00G202+00 1.000 0.00000E+DD 0.00000E+00 0._00000E+00 -2.99E+D2
Na3NpO2 (CO3) 2 {s) _DISABLED_DISRBLED 0.00000E+00  1.00000E+00 1.o00 0.00C00E+0C  O_.0GCO0E+C0  0.00000BE+GG  -3.36E+02
NaCl Halite 0.00000E+00  1,00000E+00 1.000 0.00000E+D0  O.0QQOOE+00  §,00000E+GC  -1.23E-01
NaHCO3__ ~ ~ HNaheolite 0. G0000E+00 1.00000B+00 1,000 0.00000E+00  O.0DDCOE+QD ©.GOQ0DE+DC  -2.95E+00
NaZCo3.10M20____ .~ Natron 0.DCOOOE+BO  1.00000E+0Q 1.000 0.00000F+00  0.0DOOOE+00  D.GO00DE+«00  -T.91E+00
Na2C03, THIO_____Na2CO3-Heptahydrate 0.DDODOE+B0  1.00000E+0Q 1.000 0,00000E+00  0.000Q0E+00 0, 0Q000E+0D -7 .95E+00
Na2C03 _K20, Th atrite 0.00000E+00  1.00000E+80 1,000 0.00000E+00  0.0DOCDE+00  D.0DDJOOE+0C  -8.24E+Q0
Ka3H(CO3)2.2H20__, . _ Troma Q.C00000E+DD 1.00000E+00 1,000 0.0000GE+Q0 0.00000E+(0 0. CDHO0E+OD -1.02E+01
poll = -log(mi(M+}] = 5.9141
pH = -log(a(H+)]) = 5.32405
Osmotic Coefficient= 1.241871
Equilibrium RS (%) = 77.79%5863
Ionic Strength (m} = 5.611188

Density, kg/m3 1188.93
NOTES: - Water "molality* is mole fraction H20 in agueocus phase
- Gas "molality" and “activity" are gas partial pressures
- "Descriptor® means:
*8G/RT/1nl) for species with nonzero concs. (gonvergence criterion)
*Saruration Index for minerals, 5I=logl0(IAP/Ksp)
*logll(activity) for agueous species with very small concentrations
*logl0{partial pressure} for gases

Total G/RT= -4.63379813E+03

R e R L L N e L b i e L e T T L L LT AT L

*** SUMMARY INFORMATION FOR ADDITION OF DV{2)...DW(14} WOULD BE HERE *#+

R L L L L L e e E L RS L L L L T T P

= Flaghing Titration # 15
344 ¥ inversions for batch pblm 23
1Benchmark TITRATE Problem, LINEAR ¢ption; Np{V)02 with €03 in 5.61lmolal NaCl FPMT V2.0
DATABASE: HMWB4/FWS6; MNp(V)}-Na-CC3-OH-C1-Cl04 {NR94};
95.01.31 Am{III1-Na-Cl-CQ3-S04-PO4 |FREREI, FRFI0, P91, RFFRY2, RPF94, RRFFS4)
Pressure= 1.00000E+Q0 [=] ATM Temperature= 2.98E+02 [=] Kelvin

8

Eiemental Abundances for Flash Problem

Tokal Moles Ag. Molality AgQ. Molarity Ag. mg/liter
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3.§7258573E+71 1.11018501E+02 ?,23837371E+01 1.00178948E+05 Hydrogen
3,674B40B0E+01  5.55305592E+0D1  4,97159013E+01  7.95424%591E+05 Oxygen
5.43251790E+00  5.61002101E+0{  5.02259034E+00 1.15468197E+05 Sodium
C. 0DOA0000E+DD 0. 00000000E+ 04 0. 00000C00E+(QD 0.000000C0E+DC Potassium
0. 0CQ00000E+CD 0.C0000000E+DD ©.0000000DE+00 0.C0U000C0E+OC Magmesium
0_0C000000E+CD 0.0C00B000E+OD 0. 00000000E«0D 0.00000000E+OD  Calcium
1.95220036E+00 5,59653330E+00 5.01051495E+00 1.77637786E+05 Chlorine
{.,00000D00E+0D 0.0000000GE+00 0.00000000E+00Q 0.G0000DCOE+00  Sulfur
2.£78Y4D44B+00  7.24644343E-03  §.48766141E~03  7.79233012E+01 Carbon
0.0000DDDOE+QQ  ©.C000000DE+00  ©.000D0COO0E+00  0.00000000E+OD PosIon
0.00000DDDE+00  0.00D0ODODE+00  0.00000000E+00  0.C00000R0E+00 Neglon
0,00000000E+00  D.D000DDOOE+OD  D.00DODDODE4DO  0.0ODDDADOE+DO Adir
{.00000C09E+D0 4.00000000E+0C 0.00030Q00E+00 4.00000000E+00 Boran
0.00000000E+Q0  0.000000DOB+00  0.0CD0OGOOEH))  0,Q0000DQ00E+30 Bromine
0.30000000E+00 0. 00200000E+Q) 0.00000000E+0D 0.60000000E+Q00 TracerEL
0.00000000E+00  ©.CDOOOOQOE+DD  0,00000DDIE«00  0.00000000E+00 ThiIV}
G.0000000CE+D0  C.000000DOE+00  O.00CCDOUUE+O0  ©.000DDOOOE+DD Am(III}
0, 00G00000E+D0 0. 0GGI000E+0( G. 00000Q0G0E+0T G.0G0C000GE+00 HVI}
1.47561578E+00 8.79B54005E-06 7.87723651E~06 1_B&T7228474E+00 Np{V)
0.000CO000E+RD  0.00000Q00E+DN  ©.00000000E+00  O_0G00000DDE+OD Cl04- (EL)
0.00000C00E+00  O.0000DGGOE+OD  O.000G0Q00E+0Q (.0000DO00E+00 Phospharus
Q.00000000E+D0  0.000000COB+00  0.00000000E+00  0.0000DCOOE+0C Electron
-9.13270924E-16 -2.61814885E-15 -2.34393998E-~15  0.00000000E+0D Charge
$olution Parameters, Caleouwlated
SOLUTION MASS 463.176925136630 gramng
H20 MASS 348.823147935362 grams
DS (g/ka) 327.827387255371% o/ kgH20
Specified Salution Demsity
DEMSITY 1188.78931208719 kg/m"3 = g/1
5HE Solution Parameters Based on Specified Density
BHE SOLUTION VOL 0.389620704361517 liters
TDS 293.50026B8120485 g/l
Density based on TDS and Nall solutions 1188.98931208719 g/l
Percent relative error vs WaCl dengity ©.200000000000000E+0030 &
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Tatal Moles Molarity mg/liter Descriptor
Hzo WATER §.31912BE-01  7.782%0E-01  0.9355 1.93627E+01  4.96963E+01 B, 952B9E+C5
NaNpO2CO3 (s} NaNp02c03 (5) 9.96382E+00 1.00000E+00 1.000 3_47561E+00 2.92050E+00  3.14043E+06
Na+ Na+ 5.61002E+00 5.28628E+00 0.9323 1.95691E+GD 5_02259E+00 1.15468E+)5
c1- Cl1- 5.59653E+00 5.2T1668+00 0.9420 1.95220E+00  5.01051E+00  1.7763BE+DS
Col= coi= 6.10711E-)3  1.58505E~-04 2.5954E-02  2.13030E-03  5.46763E-03  3.28108E+02
HCO3- HCO3- 1.11706E-03 4.13103E-04 4.3698 3.89655E-04 1.000C9E-03 6.10225E+01
OH- DH- 1.2D768E-04  §.57227E-05  0.5442 4,21Z67E-05  |,(08122E-G4  1.83887E+00 -1.358-10
NpO2 [C03 } 2=~ NpO2 (C03) 2=~ 3.89199E-06 1.01411E-10 2.6056E-05 1.35762E-06  3.48446E-06 1.35568E+00 5.148-10
NpO2 (CO3 ) 3==- NpO2 (Co3) 3==- 4.76942E-C6 3.B5055E-15 8.0734E-10 1.66368E-06 4.27001E-06 1.9L755E+00 1.15p-0%
COZ (ag) €02 (ag) 4.74407E-08  1.37761E-07 2.904 1.65454E-C8  4.24731E-D8  1.86%23E-03  -7.11E-0¢%
NpO2C03- NpQ2C03 - 1.33846E-07  2.43265E-07 1.817 4.66887E-08  1.19831E-07  3.94312E-02 3.158-13
Npo2+ HpO2+ 3.12502E-03  6.18%E2E-02 1.981 1.0%008E-D%  2_.79779E-0% 7.5273BE-04 -5.D5E-10
H+ H+ 3.06048E-11 1.1%335E-10 3.839 1.06757E-11 2.74002E-11 2.76166E-Q8 -3.76E-0%
RpO20H (aq) NpO20H (ag) 1.57050E-10  1,57050E-10 1.000 5.47B26E-11  1.4060SE-10  4.02206E-05 3.26E-09
» WpO2 (OH) 2- NpO2 |OH} 2- 1.66773E-12 4.97826E-13 0.2985 5_B1743E-13 1.49310E-12 4.52501E-07 7.03E-Q%9
Na3H(C03)2.2H20 Trona 0.00000E+00  1.00000E+00 1.o00 0.00000E+00  0.0CO0DE+QQ  D.00000E+0D  -4.19E+00
? MNa2Cod.H20 Thermonatrite 0.000008+30  1.00000E+30 1.000 0.00C00E+00  0.0DOCOE+00  C.00000E+DD  -Z.94E+00
Nazco3 . TH2G NaZCO3-Heptahydrate G.00000E+00  1.000GOE+D0 1.400 0. gpO0LOE+DD D ODDODE+00 O, DOQOQE+O0  -2.66E+00
Hazcold . 10H20 Natron Q.00C00E+DQ 1.00000E+D0 1.000 0. 0Q000E+0D 0.00000E+0D 0. 000 HIE+00 -2.62E+D0
MeHCO3___ . Nahcolite 0.000DCE+0D 1.00C00E+0( 1.000 0. 00000E+00 0.00000E+DHD 0.000C0E+Q0 ~2.26E+DD
NacCl, Halite 0.000DDE+00  1.00000E+0D 1.000 0.DGO0OE+00  0.000Q0E+DD  O.00000E+00  -1.25E-01
Na3NpO2 (€02} 2 (s)_DISABLED_DISABLED C.Q000DE+Q0  1,00DGQE+DD 1.000 0.DCOOQE+DE  0.DGCOOE+OD  0.0000BE+00  -9.31E+02
NaoH(ag) ...... to.titrate base.only 0. 00000E+00 0.000DOE+00 i.o000 Q.00C00E+OD Q.00000E+DD 0.0000LE+DD -2.594E+02
NpO20H (amoxr)__  _  NpO20H{amor) 0.00000E+00  1.00009E+00 1.000 Q.00DOOE+CD  Q.(0000E+00  @.00000E+08  -3.67E+00
NpO2QH (aged)__.__ NpDO20H [aged) 0.00000E+00 1.000C0E+00 1.009 0.00000E+0C  0.0CCDOE+00 0.30000E+CD -3 .08E+00
HCl{aqg)....... to.titrate.acid.only 0.00000E+00  0.000DDE+00 1.000 0_000Q0E+Q0  0.00000E+00  0,0DJ000E+CG  -2.49E+02
prH = -logmil+)] = 10.5142
7 pH = -loglailH+}) = 5.3232
Osmotic Coefficient= 1.240746
Bguilibrium RH {%) = T7.828965
Tonie Strength (m) = 5,616187
Density, kg/m3 = 11B8.79

MOTES: - Water "molality* is mole fraction H20 in agueous phase

- Gas "molality” and "activity" are gas partial pressures

-~ "Descriptor" means:
*dG/RT/1nl0 for species with nonzero concs. (convergence criterien)
*Saturation Index for minerals. SI=logl0(IAP/Ksp)
*loglO{activity} for agueoms species with very small concentrations
*loglOo{partial pressure] for gases

Total G/ET= -4 .B64192502E+03
TITRATE £file name is Ul; [SCBABBE.FMT.USERGUIDE |MP_NACL_BM_LIN, TITRATE;2
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Appendix O: Sample Output File “Np_NaCl_BM_LIN.QUT"

. %<3} MOLES file name is Ul:{SCBABB.FMT.USERGUIDE]NP_MACT,_BM LIN.MOLES;1l
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Appendix P: Sample Output File “Np_NaCl_BM.OUT”

Appendix P: Sample Output File “Np_NaCl_BM.OUT”

i INPUT file name is Ul: [SCBABB.FMT.USERGUIDE]NP_NACL BM.IN;1

# INGUESS file name is U1: (SCBABB.FMT .USERGUIDE NP _MACL_EM, INGUESS:1

> QUTFUT file name ig Ul:[SCBABA.FMT.USERGUIDE)NP_NACL_BM.OUT;1

-4 CHEMDAT file name is Ul:[SCBABB,.FMT . USERGUIDE] FMT HMW_NP_AM.CHEMDAT; 1

L Temperature is Hard Coded as 298.15K

i Benchmark TITRATE Problem; Np(V}02 with CO3 in 5.61molal NaCl FMT V2.0
? DATABASE: HMWB4/FW86; Np[V)-Na-CO3-OH-Cl-C104 (NR94};

£ 95,01.31 Am{III)-Na-Cl-CO3-504-PO4 (FRSRA9Y, FRF20, P91, RFFR92, RFF94, RRFF94)

bbb rr kb kbbb bk bbbk R R A AN AR R R R AR R A AN R A A R A AR R R R R R A A R R E R AR R A A AR R R R A A AR R A A N RN A AN AR R AN I E R T AN R IR NERR AN N A AN AR A AR A AN
#*+ ECHO PRINT OF "CHEMDAT* FILE WOULD BE HERE ***
wrw SEE APPENDIX J e

R e L L e L e

TITRATIGN Problem:

-] Assigning all delca(y) to 0.1 m

-} Betting # of nodes in ¥-direction to 3
-!| Setting NONREACTIVE Porosity to 0.0

Specifying VARIABLE POROSITY for TITRATION FProblem

Agqueocus Density is a Function of Composition
‘
#% RHOMIN  £ile name is UL: (SCBABB.PMT.USERGUIDE]FMT_HMW_NP_AM.RHOMIN; 1

B L L e T L e e L e T L R T R L T

#*+ TABLE OF MINERAL DENSITIES, EG/M"3 WOULD BE HERE ***
b SEE APPENDIX L rer

B R R e Tf L e E L L R L L T S 2

GRID BLOCE VOLUMES, in liters
1.00E+00 1.COE+00 1.COE+00 1.00E+G0 1.00B+00 1.00E+0D 1.00E+D0C 1.00E+00 1.00E+0D0 1.00E+00 1.D0E+00 1.DCE+00 1.DOE+0Q

1.¢0E+00 1.0DE+DD
4% L.00E+00 1.00E+00 1.C0OE+00 1,.00E+GC 1.00E+00 1.00B+00 1.00BE+00 1.00E+00 1.00E+0C 1.00E+00 1.00E+00 1.80E+00 1.50E+00
4% 1,00E+00 1.0QE+DD
47
4% L1.00E+00 1.00B+00 1.00E+00 1.00E400 1.00E+0C 1.00B+00 1.00E+0C 1.00E+00 1,00E+00 1.00E+09 1.00E+00 1_B0E+00 1.0GE+00
A4 1.00E+00  1.00E+DG
42
4% % inversions for batch pblm 50
%47 1Benchmark TITRATE Problem; Np{W¥)02 with €03 in 5.6lmolal NaCl FMT v2.0
4% DATRHASE: HMWS4/FWA6; Np(V)-Na-Q03-CH-C1-Cl04 (NR94);
42 95.01.31 Am{IIIl-Na-Cl-CO3-S04-PD4 (FRSRES,FRF%0, P91, RFFR92, RFF94, RRFF94)

Sclution Parameters, Calculated
1306.07033909830 grams
4499 889265717488 grams

SOLUTION MASS
H20 MASS

Praggure= 1.00000E+G0 (=] ATM Tamperatures= 2.98E+02 [=] Kelvin
Elemental Abundances for Flash Problem
4 Total Moles Ag. Molality Ag. Molarity Ag, mg/liter

1.11017363E+02  1.11029658E+02 1.00100314E+02  1.008911D7E+05 Hydrogen
6.150B6B15E+01  6.15154934E+01  5.54601388B+01 8 _87328944E+05 Oxygen
5.41000D0CE+00 5.61052125E+Q0 5.05833276E+00 1.16289907E+05 Sodium
0.000000C0E+00 0.900000C0E+00 0.00000000E+Q0 G.000DC0J0E+0) Potassium
0.00000000E+00  0.000000C0E+Q0  9.00000000E+00  0.00DOCOOOE+0Q Magnesium
0.000000C0E+00  0,90000000E+00  0.00000000E+00  ©.Q00000000E+00 Calcium
1.61000000E+00 1.61017230E+00 1.45167838E+0D 5.1466353BE+04 Chlorine
0.00000000E4+00 2. 00090000E+00 0. 000000C0E+OD 0.00000000E+00 Sulfur
2.00000001E+Q0 2.06022150E+00 1.80332719E+00 2.16597629E+04 Carbon
0.00000C0DE+O0  D.DEOOQODOE+0)  D.00Q000GOE+0D  O.00000000E+U0 PosIon
Q. 00000000E+00 0. 000V0000E+0D 0. 000000D00E+OD 0.0000000DE+Q0 Neglon
@.00000000E+00  ©.0000000CE+00  0.00000000E+00  0.00000000E+DG Air
G.0000000CE+D0 0. 000000D0OE+00 0.00000090E+00 0.00000000E+00 Borom
0.00000000E+00 . 00000000E+00 0.000D0000E+TO 0.00000DR0E+R] Bromine
¢.00000000E+00 0. 00000000E+GD 0.00000D00E+OD Q.008C00000E+00 TracerEL
C.00000000E+00  0.00C00000E+GO  0.0C000000E+00 0.00000000E+00 ThIIV}
0. 60000000E+00D 0.C000000D0E+DD 0.00000C00E+DO 0.09000DR0E+D0  Am{III}
0. 00000000E+040 0.00000000E+0Q 0.0000DCG00E+DD 0.000C0DOOE+DD  T(VI)
0.CO0000000E+00  D.COD000DDE+00  0.Q000DGOOE+DO  0.000000COE+0C Np{v)
€. 00000000E+09 0.GCG000DODE+DD 0.00000G00E+DD 0.C0000DROE+OD ClO4- |EL}
0. G0000000E+00 0.00060000E+00 0. G0000000E+OC 0.0CDDCOOCE+D0 Phosphorus
C.G000000DE+Q0  0.00QG0000E+C0  0.00000000E+Q0C  0.0000C000E+00 Electron

-2.22044605E-15 -2_22069196E-15 -2.00209516E-15 0.00000000E+00  Charge
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Appendix P: Sample Duiput File “Np_NaCl BM.QUT”
TDS (g/kg) 306.214981877726 g/kgH20
Specified Sclution Density
DENSITY 1177.62607433302 kyg/m*3 = g/l
Solution Parsmeters Based on Spetcificd Density
SOLUTION VOL 1.10506108219560 liters
TDS 276.072326670473 g/l
Density based on TDS and NaCl sclutions 1177.63607439302 g/l
Percent relative error vs NaCl density 0.000000000C00000E+000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality Activity Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8.57464E-01 2.598431E-01 1.003 5.55025E+01  5.00446E+01 9, 01564E+05
Na+ Na+ 5.6L062E+00 31.69881E+00  ©.6593 5.61000E+00  5.05833E+00  1.16290E+05
Co3= Co3= 1.9%407E+00  4.09214E-02  2.0522E-02  1.99385E+00  1,79778E+00  1.07B84E+05
cl- c1- 1.61018E+D0  1.06477E+D0 0.6613 1.61000E+00  1.45168E+00  5.314664E+04
HOO3- HCO3- 6.14734E-03  1.58044E-03  0.2587 6.14666E-03  5.54222E-03  3.38170E+02
OH- OH- 6.14733E8-03  4.B6201E-03  0.7921 6.14665E-03 5.54221E-03  &.42580E+01 2.00E-11
CoZ lagq) CO2 (ag) 2.36876E-D3 7.15913E-D3 3.Qz2 2.36850E-09 4,13559E-09 9.396863E-0% -2.12E-07
H+ H+ 2.39954E-12  1.77959E-12  D.7416 2.39927E-12  2.16334E-12  2.18043E-0% -B.58E-0§
Na3H{CO3)2.2H20______ = Troma Q. 00000E+00 1.00000E+00 1.000 G.00000E+Q0Q 0.00000E+0D 0. 0CDOOE+O0 -1.57E+D9Q
HCl(aqg).....,. to.titrate.acid only 0.0DODOE+DE  O.DDAVOE+0Q 1.000 0.00000E+00  0.Q0000E+0D  O.00DO0E+Q0 -2 .52E+D2
NaOH{ag)......to.titrate. base.only 0.0DBGAE+0D 0.00000E+DE 1.000 0.00000E+00 0.00000E+0D 0.00000E+00Q -2.,92E+02
BaCl Halite 0.00000E+00  1.00000E+00 1.000 0.G0Q00E+GD  0.000Q0E+D0  0.00DGOE+00  -9.7SE-D1
NaHCO3, Nahcolite 0.00000E+00 1.00G0OE+DD 1.000 0.0G0000E+G0 0.000002+00 0.000C0E+Q0D -1.83E+00
NaZcol . THIQ Na2CO3-Heptabydrate 0.00DDOE+0B  1.DDGOOE+O0 1.000 0.00000E+00  0.00000E+00  Q,0D0C0E+00  -2.51E-01
Na2C03 .H20, Thermonatrite 0.0000CE+0Q0 1.00000E+00 1.000 0. GCO00E+C0 0.00000E+0D 0.000C0E+D0 «7.99E-01
Na2C03 . 10H20 Natron 0.000D0E+QD  1.000QQE+DD 2.000 0.00000E+D0  0.000Q0E+«DD  Q.00DCOE+00  -8,30E-02
prH = -log[miH+)}} = 11.619%9
pH = -logla(H+)]) = 11.7497
Osmotic Coefficient= 0.908418
Equilibrium RH (%) = 85.9842584
Ionic Stremgth (m) = 7.604695
Deneity, kg/m3 = 1177.64

NCTES: -~ Water *molality" is mole fraction HZG in aquecus phase
- Gas '"molality* and *activity* are gas partial preasures
- '‘Descriptor' means:
*dG/RT/1nl0 for species with nonzero concs. l(convergence criterion)
*Saturation Inmdex for minerals, SI=logiO{IhP/Ksp)
*loglliactivity) for aguecus species with very small concentrations
*logld{partial pressure} for gases
Total G/RT= -6.421327T6E+03
Reaction # 1 sldsum
This is a sclid-only reactiocn

2.00000000000000

shifeing left by 4.64434654478256
calling makenuv for allomorphic reactions
# inversions for batch pblm 75

1Benchmark TITRATE Problem; Np{V)02 with CO3 in 5,6lmelal Nacl FMT V2.0

DATABRSE: HMWR84/FWI6; Np(V)-Na-COI-OE-C1-Cl04 [NR94);
95.01.31  Am{IIX)-Ma-C1-CO3-SC4-PO4 (PRSRBY,FRPIL, P91, RFFR92,RFFY4, RRFFO4)
Pressure= 1.00000E+30 [=] ATM Temperatures 2.986+02 (=) Kelvin

Elemental Abundances for Flash Probiem

Total Moles Ag. Molaliey 2gq. Molarity Ag. mg/liter
1.11018363E+02  1.110¢17591E+02  9.93838868E401  1.00169020E+05 Hydrogen
1.05508632E+02 5.551135378+01  4.9694238YE+01  7.95078006E+05 Ohygen
1.56100000E+01  5.6105738B2E+DC  5_.02263316E+00 1.154591B1E+05 Sodium
0.00000000E+D0  C.00000000B+00  0.00000000E+00  0.000000COE+00 Fotassium
C.00000000E+00  O.0OHO000DE+D0  0.40000000E+RD  O.00000000E+00 HMagnesium
0.00QQ0000E+00  0.CDDOOOOOE+0O  ©.0Q0000000E+C0  0.CGD0O0OCDE+OD Calcium
5.61100000E+LD 5.61096098E+00 5.022%7975E+00 1.78079701E+05 Chlorine
0.00000000B+0D  0.000C0QOQE+0D  0.0OCDROC00DE+(0  C.000GC0O0E+G0 Sulfur
1.0000Q000E+D1  &.12839261E-04  5.4861BB92E-04  6.58B946152E+00 Carbon
0.0000G0C0E+00  G.00000000E+00  0.0000DC00E+00  0.D0OO0OODOE+00 PosIon
0.000000G0E+00  ©.00000000R+00  £.00000000B+DO  O.D0O00000OE+OD MWegIon
0.0000DC00E+00  0.00000DCOE+D0 O .D0QO000DE+00  0.000DO0QOE+RD Air
0.000000GOE+00  0.000000Q0E+00  0.000CC000E+00  0.000DDDOOE+D0 Boron
0.00000000E+00  ©.00Q000ROE+00  0.00000C002+C0  0.000000C0E+00 Bromine
G.00000000E+00  ©.0GOOOOOOE+CO 0. (C000000E+O0  0.00000000E+00 TracerEL
©.0000C0COE+00  ©.CDO00000E+00  0.0D0000000E+00  0.0CDDO0OOE+30 Th(IV)
0.00000000E+00  D.00000DCOE+00  {.0000CO00E+00  ©.00000CDOE+CD Am{III)
0.00000C00E+80  0.000000C0E+00  0.0000C000E+00  0.00000CDOE+CD U{VI)
1.00000000E+01  6.12839261E-04  5.48618832E-04  1.30049121E+02 Np{v)
0.000000C0E+00  C.O0D0O00COE+D0  0.0000DCOOE+CD  0.0000000DE+OD Clod- (EL}
0.00000000E+00  0.000DROOOE+CD 0. 0GO00000E+00  0.000QCOO0E+D) Phosphor:s
0.0C000000E+0C  0.000DCOCOE+OD  0,00000000E+00  0.00000DC0E+DD Electren
-2.37316632E-15 -2.37314981B-15 -2.12446380E-15 0.CG0000DG0E+D0 Charge



pmH = -logqim{H+]]

pH = -log(a(K+}) = 5.3205
Osmatin Coeffigient= 1.241871
Equilibyivm RH {%) = 77.795863
Ionic Strength {m) = 5.611188
Dengity, kg/m3 = 1188.93

5.8141

NOTES: - Water "molality* is mole fraction H20 in agueous phase
- Gas "molality” and "activity" are gas partial pressures
- “Descriptor® means:
*dG/RT/1nl0d for species with nonzere concs. (convergence <riterion)
*Saturation Index for minerals, SI=logl0{IAP/Ksp)
*leglO{activity} for agueous species with very small concentrations
*logll{partial pressure) for gases
Total G/RT= =-1.33323084E+04
Flashing Titration # 1

# inversions for batch pblm 11
1Benchmark TITRATE Problem; Np{V}O2 with CO3 in 5.6lmolal NaCl FMT ¥2.0
DATABASE: HMW84/FW86; Np(V)-Na-CO3-0H-C1-C104 (MR94);
95.01.31  Am{III)-Na-Cl-C03-504-P0O4d |FRSREY, FRFI0,PI1, RFFR92, RFF94, RRFF4)
Pressure= 1.000008+00 [=] ATM Temperature= 2.98E+02 [|=] Kelvin

Elemental Abundances for Flash Problem
Tatal Moles AQ. Molality Ag. Molarity A, mgllitexr
1.85857174E+D1 1.11017591E+02 9.93838868E+01 1.0016%2020E+05 Hydrogen
3.66707638E+01 5.55113597E+01 4.96942389E+01 7.35078006E4+05 Oxygen
5.42543623E+00  5,61057382E+00  5.02263316E+00  1_.15469181E+05 Sodium
0.000000CG0E+00 C.Q00000DCE+O0 0.00000000E+00 0. 00000G0OE+00 Potassium
0.0000C000E+0G  0.00000004E+00  0.000CO000E+IC  0.000GC00QE+00 Magnesium
0. 40000600E+00 0.Q0000000E+00 {.00000000E+DD 0.{00000C00E+00 Calcium
1.95016801E+04 5.61035098E+00 5. 02297975E+00 1.78079%9701E+05 Chlorine
C.00000000E+0D 0.00C00000E+0D 0.CCDO000DE+0D 0.00000000E+D0  Sulfur
3.47561578E+DD  £,]128392F0E-04  5.48618B92E-04  6.58946151E+00 Carbon
0.0000¢C00E+DD 0.000Q0DDOE+00 0.00000000E+00 0.00000000E+00  PosIon
Q.,000000C0E+00 C.0000000DE+Q0 0.409000C00E+DD 0.00000000E+00 NegIon
4.0000D000E+00Q 0.00000000E+00 0.000C0000E+00 0.00000000E+C0  Aix
G.00000D0CE+D0 ¢, 00000000E+QD  0.00000Q00E+CO  D.0000LDGOE+00 Boron
0. 00000C00E+00 0.000000C0E+00 4.00000000E+DD 0.0000C000E+N) Bromine
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Appendix P: Sample Output File “Np_NaCl_BM.OUT"
Solution Parameters, Calculated
SOLUTION MASS 1328.11614865142 grams
H20 MASS 1000. 00695466819 grams
RS {a/ky) 328.106%12108529 o/ MgH20
Specified Solutien Density
DENSITY 1188, 93254605477 kg/m*3 = g/1
Solution Parameters Based on Specified Density
SALUTION VOL 1.11706602116201 liters
TDS 2%3.724084134187 g/l
Density based on TDS and NaCl solutions 1188.93254605477 g/l
Percent relative error wes NaCl density . 300G 0GTA000GRE0D0 ¥
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Speries Name Molality Activity Act Coef Total Moles Malarity mg/liter Descriptar
H20 WATER, 8.31822E-01 7.77953B-01  0.%352 5.55091E+01  4.96918E+01  B.95208E+05
NaNp02003 (s} NaNp02C03 {s) 9.99932E+00 1.,00000E+30 1.000 9.99939E+00 8.95147E+00  3.15133E+06
cl- cl- 5.6L096E+00  5.29329E+00 0.9434 5.61100E+00 5.0228BE+00  1,78080E+DS
Na+ Na+ S5.6L0STE+DO 5.29268E+00 0.9433 5.61061E+00 5.02263E+00 1.1546%E+D5
NpO2+ NpD2+ 6.127058-04  1.21973E-D3 1.951 6.12709E-04  5,484%%E-04  1.47572E+02
o2 laq) 3.8E103E-D8 1.12115E-D3 2,904 3,86106E-04 3.45643E-04 1.52117E+01
HCO3- 2.26571E-04 8.3B8810E-05 0.3702 2,26573E-04 2.02829E-04 1.23760E+01 4.26E-09
NpO2C03- 1.33526E-07  2.42971E-07 1.820 1.33527E-07  1,19534B-87  3.93334E-02  -1,9%9E-11
H+ 1.21872E-06 4.78095E-06 3,523 1.21873E-06 1.49101E-06 1.08962E-03 -4 .38E-(08
CO3= 3.09334E-08 8.03342E-10 2.5988E-02 3.09386E-D8 2.76363E-08 1.66203E-03 -1.62E-07
OH- 3.01685E-09 1.63977E-09 0.5435 31.01687E-0%  2,7DD71E-09  4.5931BE-05 2.55E-08
NpO20H (aq) NpO20H{ag) 7.72186E-10  7.72186E-10 1.000 7.72191g-10 6.91267E-10 1.9774DE-04 1.B7E-07
NpD2 {C03) 2=- Npo2 (C03) 2=~ 1.98384E-12 5.13354E-16 2.5877E-0% 1.98385E-11 1.77595E-11 €.9096DE-G6 -1.62E-07
WpOZ (OH) 2- RpO2 (CH) 2~ 2.04382E-16 5.10703E-17 0.2988 2.04383E-16 1.82964E-14 5.54494E-11 2_13E-07
NpG2{Ca3) 3==- NpQZ (CQ3)3==- 1.25197E-16 5. 8T8S6E-26 7.89GEE-10 1.2519488-16 1,12077E-16 5. 03310E-11 -3.23E-97
NpO20H{aged) NpO20H (aged}) 0.00000E+00 1.00000E+30 1.000 {1.00000E+OD 0.00DHOE+00 0.000Q00E+DD -2_38E+00
NaCH{aql...... to.titrate base.onky 0.CO000E+00  ©.O0000E+0D 1.000 €¢.00C00B+0C  0.00C0OE+00  ©.DQQ00E+0D  -2.39E+02
HCllagl,...... to_titrate.acid.only 0.CDOQOE+DE 0, 00000E+DQ 1.000 0.00000E+0C 0. 0CCODR+00 0, 00000E+00  -2_45E+02
* Na3NpOZ{{03)2(s)_DISABLED DISABLED Q4.0CDDAE+OD 1.0D0O0E+DD 1,000 0.000C0E+Q0 {.000C0E+00 0.C0QQUE+DC -9.36E+02
NaCl Halite 0.00000E+00  1.DOBOOE+OQ 1.000 0.00000E+00  D.00000E+00  O0.0DGOOE+00  -1.23E-01
HaBCO3 Nahcolite 0.000DDE+OD 1.00000E+0D 1.800 0.C00000E+C0 0.00000E+DD 0.00030E+00 -2.95E+00
Na2CO3.10H20___ ____  Natron ©.0000DE+0C  1,00000+00 1.000 0.DC000E+Q0  0.0QCO0E+DD  O,00000R+00 -7 .91E+00
Na2C03 . TH20, Na2Ccl-Heptahydrate 0. 00000E+00 1.00000E+QQ 1.00D Q.DROOQE+DD 0. 00000E~DD 0.,00000E+00 -7.95E+00
Na2C03 .H20 Thermonatrite C.00000E+00  1.000DOE+0C 1.000 0_.COQU0E+00  0.00000E+(0  0.00GO0E+d0  -8.24E+0G
Na3H({CO3)2.2H20 Trona 0.00000E+00 1.00000E+00 1.000 0.00000E+C0 0.00000E+DD 0.00C00E+]Q -3.{2E+01
NpC20H (amor ) NpQ20H (amor ] 0. 00000E+00 1.000C0E~+00 1.000 0.0GDGUE+QC 0.C0000E+DO 0.00000E+00 -2_98E+00



FMT, Version 2.0
User’s Manual, Version 1.00

WPO # 28119
November 17; 1995

Page 177
Appendix P: Sample Qutput File “Np_NaCl_BM.QUT"
0.000CC0DOE+O0 0. 00000000E+00 0.000000DDE+QD 0J.00400000E+00 TracerEl
Q.00000000E+0Q 0. 00Q00000E+QD 0.000Q0R09E+00 0.00000000E+00 Th(IV)
0.0000C0DDE+Q0 0.00000000E+00 Q.00C00000E+DD C.00000000E+00 Am(III}
0, GO000000E+(HD 0.30000000E+Q0 {.00000000B+0D0 0.00000DDBE+DD U{VI)
3.475615T7RE+CD 6.12839260E-04 5.48618E92E-04 1.30049121E+02 Np(V)
0. DG000000E+00 0.00C00000E+D0 0. 000000C0E+0D 0.00000000E+00 C104- (EL)
0.00C00000E+0D 0.000DGA0JE+DL 0.00000000E+00 0.00000C00E+D0  Phosphorus
0.00000000E+00  ©0.00QDDOCJE+DC  Q.0ORGOO0OE+DQ  D.0OODOGOOE+D0 Electron
-5.94525850E-16 ~1.99826754E-15 -1.78BEGG01E-15 0. 00000000E+DC  Charge
Soluticn Parameters, Calculated
SOLUTION MASS 461.602144251012 grams
H20 MASS 347.563995068956 grame
TOS (g/kg} 328.106912108175 g/xgH20
Specified Solution Density
DENSITY 1188.93254605453 kg/wt3 = g/l
Solution Paramsters Based on Specified Density
SOLUTION VOL 0.388249228926247 liters
TDS 293.724084133993 g/l
Densgity based on TDS and NaCl solutions 1186.93254605454 g/l
Percent relative error vs NaCl density 0.000000000000C00E+000 &
TABLE OF DONCENTRATIONS FOR BATCH SYSTEM
Species Name Molality hotiviey Act Coef Total Moles Molarity mg/liter Descriptor
H20 WATER 8_31822E-01 7.77959E-01 0.9352 1.925268E+01 4.,9691BE+01 B.35208E+05
NaNp(2CO3(s)______ NaNpO2CO3 (s) 9.%9932E+00  1.00000E+00 1.000 3.47540E+00  B.95147E+00  3.15133E+06
1~ 5.61096E+00  5.29329E+00 0.9434 1.95017E+00  45.02298E+00  1.78080E+05
Na+ 5.61l057E+00  5.29268E+00  0.9433 1.95003E+00  5.02263E+00  1.15469E+05
NpO2+ 6_.127058-04 1.21978E-83 1.991 2.32954E-04 5.48499E-04 1.47572E+02
CO2 (ag) 3.86103g-D4  1.121315E-03 2.904 1.34196E-04  3.45643E-04  1.53117E+D1
HCO3~ 2.26571E-04  8.3B810E-05 0.3702 7.87481E-05  2.02829B-04 1.23760E+01 -6,17E-1S
H+ 1.21872E-06 4.780%95E-D& 3.923 4.23582E-07 1.09101E-06 1.09962E-03 6.17E-13
Hp020C03- NpO2C03- 1.33526E-07  2.42971E-07 1.820 4.64090E-08  1,19534E-07  3.93334E-02 1.85E-14
Co3= 3.09384E-08  8.03343E-10 2.5966E-D2 1.07531E-08  2.76963E-08  1.66Z03E-03 G.G0E+G0
OH- 3.01685E-09 1.631%77E-09 0.5435 1.04835E-09 2.70071E-09 4.59318E-05 -6.17E-15
NpC20H (aqg) RpO20H{ag) 7.72186E-10  7.721REE-10 1.000 2.68384E-10 6.91267E-10  1.97740E-04 0. 0O0E+00
NpQ2 (COZ) 2=~ NpoO2 (CO3} 2=~ 1.98384E-11  5.133%5B-16 2.5877E-05  6.83511E-12  1.77595E-11  6.90960E-06 D_0OE+Q0
NpQ2{OH) 2- KpO2 [OH] 2- 2.04381E-16  6.10703E-17 0.2588 7.10356E-17  1.82964E-16  5.54494E-11 1.23E-14
Np02 {003) 3==- NpOZ (C03)3==~ 1.25197E-16 9.87897E-26 7 .8508E-10 4.35139E-17 1.12077E-16 5.03310E-11 -3.53E-10
HCl{agl.......to.titrate.acid.only G.00000E+00 0.00000E+00 1.000 0. CG0000E+GD a,CO0O0E+Q0  {.00000E+G0 -2_45E+02
NpO20H (aged) NpO20H [aged) 0. 00000E+00 1.0000G0E+00 1.000 0.00000E+0D 0.00DOOE+00 0. 3000CE+D0 ~2.3BE+00
Npo2OH(amor)___ NpO20H (amor} 0.00000E+30 1.00000E4+00 l.cod 0.00DOQE+DD 0.00000E+00Q 0 .Q0000E+09 -2.98E+00
NaCH{aq)...,,.to.titrate.base.only 0.00000E+00  0.Q00DOE+00 1.0¢0 0.00000E+0C  0.00CDOE+O0  0,00000E+D0  -2.94E+(2
Na3Np02 (C03)2{a} _DISABLED_DISABLEL 0.00000E+00  1.00000E+00 1.000 4.00000E+00C  0.00COOE+00  0.00000E+00  -9.36E+02
NaCl Halite 0.0000OE+E0  1.00000B+00 1.000 0.00000B+0C  0.0CCCOE+00  0.DOOOOE«DO0  -1,23E-01
NaHCO3, Nahcolite {0.00GCOE+00 1.6G0Q0E+GT 1.400 0. QCG000E+80 Q. 0606008+00 £_DDBDOE+DR -2, 95E+D0
Na2c03 . 10H20 Natren 0.000GOE+DD 1.00000E+D0 1.000 0. 00000E+I0 0.00000E+00 0_0000JE+00 -7.912+00
Na2C03 . TH20, Na2C03-Heptahydrate 0.00000E+00  1.00000E+DQ 1.000 0.00000E+00  0,.0QQ00E+0C  0.0D0DOOE+00  -7.95E+00
% Na2CO3.H20__  Thermonatrite 0.000DOE+00  1.D0G0QE+00 1.000 0.00000E+00  0.0000DE+D0  0.QDDOUE+OD  -B.24E+D0
Na3H(CO03)} 2. 2ZH20, Trong 0.00000E+00 1.00000E+0D 1.G00 0. 00000E+{20 0.G0000E+0D 0.00080E+00 -1,02E+01
pH = ~log{m(H+j] = 5.9141
pH = -log[a(B+)] = 5.3205
Oamobic Coefficient= 1.241871
Equilibrivm RH {%) = 77.795863
JIonic Strength [m} = S.6111488
Density. kg/m3 = 1188.93

NOTES: -~ Water "molality" is mole frackion H20 in aqueous phase
- Gas ‘molality* and “activity" are gas partial pressures
~ “Dagcriptor* means:
*3G/RT/1nk0 for species with nonzerc concs. (convergence criterion)
*Saturation Index for minerals, SI=logl0(IAP/Ksp)
+loglllactivity) for aqueous species with very small concentrations
*logl0{partial pressure} for gases

Total G/RT= -4.63379813F+03

L e R L T e AL L L S A TS

**+ SUMMARY TNFORMATION FOR ADDITION OF DV(Z)...DV(14) WOULD BE HERE ***

R L L L L L T S S T T T

Flashing Ticration # 15
¥ inversions for batch pblm 22
l1Benchmark TITRATE Problem; Np(V)02 with €03 in 5.6lmclal MaCl FMT W2.0

DATABASE: BEMWH4/FWBE; Np{V)-Na-CDI-OH-Cl-Cl04 (NR94};

895.01.31 Am{Iil)-Na-Cl-CO3-304-P04 (FRSRA9, FRFY0,PYl,RFFR92,RFF94,RRFF94)
Pressure= 1.00000E+00 [=] ATM Temperature= 2.98B+02 [=] HKelvin

Elamental Abundances for Flash Problem

Total Moles Ag. Molalicy Agq. Molarity Ag. mgrliter
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Appendix P: Sample Output File “Np_NaCl_BM.OUT"

.95867206E+01 1.11019649E+02
. 72253652E+01 5.56624986E+D1
.47601956E+00 5. 61035435F+00
DREO000DE+DO 0.00Q0000DE+D0
0DCUQ000E+00 0.00DC0Q0DE+DD
00000000E+00 0.00000000E+CC
.96468480E+00 5.5098%2354E+00
-0000QR00E+DD 0.00000000E+00
43364905E+00 5.08618173E-02
00000000E+00 0.0000C000E«D0
.000GO0DIE+QD 1. 00000000E+00
.000DC0Q0E+DD 0.00000000E+0CD
.Q000CDA0E+00 0.0000C000E+0C
. Q0O00D0UE+DD ¢ . 00900000E+00
-G0D00000E+0D 0. 00000000E+0Q
.000Q000DE+DD 0. 00000000E+0D
. DEODOODOE+QD 0. a0000000E+00
. 0000000DE+TD 0. 00090000E+00
47562578E+00 2,68102498E-04
. 0DQJ000DCEFDD 0.300000C0E+Q0
0. C0000000E+00 0.0C000000E+DD
0.C0000000E+DD 0.0CC00000E+DD
-1.85235941E-15 -5.194B8071E-15

<3062595E+01  1.0C191569E+05 Hydrogen
-BBE398315E+01 7.97407433E+05 Oxygen
-02347422E+00  1,1548§517E+05 Sodium
Q00000C0E+CO 0.000000DDE+DD Potassium
.00000000E4+00  0.000000DDE+00 Magnesium
.000Q0D0GE+0D 0.00009000E+00 Calcium
.93352227E+00 1.74908165E+05 Chlorine
-600000008+00  D.00000000E+00 Sulfur
-55413352E-02 5.469%6977E+02 Carbon
-000000Q0E+DD 0.00000DO0E+0DT PosIon
.000000Q0E+DD 0.0000G0{Q0E+C0D Neglon

- DDGO000CE+OD 0.00000000F+00  Air
.G0O0000CE+DD 0.00000000E+00 Boron
-000000J0E+00 {7.900GG000E+00 Bromine
.Q000DDOGE+DD 0.000090008+00 TracerEL
.Q000DDCOE+CD 0.0G00000DE+00 Th{IV)
-00000000E+00 0.00000000E+Q0  Am{IIT}
.00DDOC0OE+{10 0.00000000E+DD  T{VI)
STRES074E-I 6.11501554E+D1 NRp(V)
GOODDDOOE+DD ©.QQ0CO000E+DD ClOd- [EL}
.J00000CDE+0D 0.0C0000000E+00 Phosphorus
-0O000DGCE+00 0.0C000000E+00 Electron
.6514618B7E-15 9.00000000E+30 Charge

CWoOOoDOoODOOOOoWOKROOCOWWW

RPOOOCNOCOOCODOO0OC koSO AY

Solutjon Parameters, Calculated

SOLUTION MASS 473.339684533635 gqrams
HZ0 MASS 356.574003417592 grams
TDS{g/kg) 327,465491025424 F/kgH20

Specified Solution Density
DENSITY 1188.60383111845 kg/m*3 = gfl

Solution Parameters Based on Specifisd Density
e SOLUTION VOL D.3982316665496E1 liters
f:g TDs 293 .210437350984 g/l

Density based on TDS and NaCl solutions 1188.60383111845 g/l
Fercent reiative error vs NaCl density £.000800000000000E+000 %

TRBLE OF CONCENTRATIONS FUR BATCH SYSTEM

Species Name Malality Activity Act Coef Total Moles Molarity my/liter Descriptot
B20 WATER 8.32465E-01  7.79962E-01 D.3269 1.97930BE+01  2.97021E+Cl  £.95393E+05
> NaRpO2CO3{s)_ ... NaNp0ZC03 (8) 9.74696E+00  1.0000QE+00 1.000 3.47S51E+00  B.72736E+00  1.0T7243E+06
Na+ Na+ 5.610315E+00 5.26665E+00 0.9387 2.G00S1E+G0 5.02347E+00 1. 154B9E+05
cl- cl- 5.50989E+00D 5.138BJE+00 0.9327 1.%6468E+D0 4.93352E+00 1.74508E+05
CG3= Co3= 4.83971E-02  1.24809E-03 2.5788BE-02  1.72571E-02  4.33344E-02  2.60046E+03
HCO3- HCO3~ 1.63010E-03 5.97114E-04 0.3p663 5.81251E-04 1.45358E-01 8.90593E+31
OH- OE- 6.55397E-04 3.58792E-04 Q.5474 2.33698E-04 5.86B39E-04 3. 98054E+00 -1.54E-0%9
Np0Z (CO3) 2=- NpO2 (Co3) 2=- 2.94209E-05 8.01487E-10 2.7242E-05 1.04%07E-05 2.63433E-05 1.42493E+01 9.68E-10
NpGZ{CO3) 3==- NpO2 (CQ3) 3m=- 2.58546E-04 3.39623E-13 9.2681E-10 9.21908E-03 2.31500E-04 1.03961E+C2 2.18E-09
Npo2C03 - NpO2C03- 1.35468E-07 2.44172E-07 1.802 4.830438-08 1.21297E-07 3.93125E-02 6.09E-12
02 [ag) Qo2 [ag) 1.25492E-08 3.64751E-08 2.907 4.47472E-09 1.12365E-08 4.94515E-04 -§.67TE-08
NpO2+ 4.11022E-10 7.B301SE-1D 1.920 1.46%560E-10 3.68027B-10 9.90165E-05 -1.07E-0%
NpG2OH (aq) 1.09291E-10 1.05291E-1D 1.000 3.89705E-11 9.78589E-11 2.79329E-05 3.69E-D8
H+ 5.83272E-12  2.1%064E-il 31.756 2.07980E-12  5.22258E-12  5.263B4E-09 -3,80E-03
NpO2? (OH) 2- NpO2{0H) 2- 6.38945E-12 1.89128E-12 0.2960 2.27831E-12 5.72107E-12 1.733B4E-06 7.50E-08
NaiH(CO03j2. 2H2C Trona d.00CC0E+0Q 1.00000E+00 1.4400 ¢, 0Q0aae+a Q. 30008+ 00 4.90000E+00 —3.13E+00
Na2C03 .HZD Thermonatrite 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0. 00030E+CC {.00000E+00 -2.05E+00
Na2C03 . TH20 Na2C03-Heptahydrate 0. 0000CE+00 1.00C00E+0O0 1.000 0.00000E+GD 0.000Q0E+00 1. G000CE+Q0 -1.76E+00
Ha2C03 . 10820, Natron 0.00000E+00 1.00000E+00 1.co0 0.0D0Q0E+CO 0.00CO0E+Q0 0.30000E+00 -1.72E+00
MaHCO3 Nahcolite C.Q0000E+00 1,0000DE+0Q0 1.000 {,000CQQE+00 .0CCDOES00 0.00000E+0D ~2 _10E+{(0
wacl___ Halite &, 00D00EHDD 1.000DDE+00 1.000 D.0DEDOE+OD 0. 0DOCDE+QQ 0. 00000E+0D -1.38E-01
Na3NpQ2 (C03)2 (s} _DISABLED: DISRELED 0.0000QE+DO 1.GCO0DE+Q0 1,000 0. 0QD00E+DQ . 00000E+00 Q. 0DJOOE+OD -9,30E+D2
NaOH{aq) ...... to.titrate.base.only 0.00GG0E+DO 0.00000E+DD 1.000 0. 0Q00DDE+0Q 0. 00000E+00 0.00G0J0E+00 -2.93E+02
NpO20H {amor ) MNpO2ZCOH (amor ) 0.00000B+00 1.0DGO0OE+0G 1.000 0._CGODO00E+00 0. 0000E+QD 0.000G0E+00 -3,83E+00
NpQZCH{aged)_____ NpO20H{aged) 0.00000B+00 1.0000DE+DO 1.000 0.0O0D00E+RN 0._00090E+DD 0.0000CE+00 -3.23E+00
HCL(ag}....... to.titrate,acid.only . O0000E+QD 0.000C0E+0D 1.000 0.DR00OE+DG 0.00G0JE+DO 0.00000E+00 -2.50B+02
el = -loglm(H+)] = 11,2341
pH = -logla{B+)] = 10.6594
Osmotic Coefficient= 1.234823
BErquilibriam RH (%) TT.996177

Ionic Btrength (m) = 5.661425
Density, kg/ml = 11488.60

NOTES: - Water “molality” ie mole fraction H20 in aguecus phase
- Gas "melality* and "activity® are gas partial pressures
- 'Descriptor® means:
*dG/RT/1nl0 for species with neonzero concs. [convergence criterion)
*Saturation Index for minerals, S5I=logl{{IAP/Ksp)
*1logll(activity) For agueocus species with wery small concentrations
*logld (partial pressure! for gases

Tetal G/RT= -4.6917%003E+03
TITRATE file name is Ul:[SCRABB.FMT.USERGUIDE]NP_NACL_BM.TITRATE;1
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Appendix P: Sample Output File *Np_NaCl_BM.QUT”

. 443 MOLES file name is Ul: [SCBABE.FMT.USERGUIDE]NP, NACL_BM . MOLES;1
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Appendix Q: Sampie Output File “BATCH_DOC.FOR088"

Appendix Q: Sample Output File “BATCH_DOC.FOR088”

i 5.506118174079332E+01 H20 WATER 5.550860155779565E+01
% 2.000000060000000E-01 Na+ Ma+ 2.0162546393034410E-01
3 1,000000000000001E-02 K+ K+ 1.008127319517208E-02
4 9.930829876074504E-05 Ca++ Ca++ 1.0011540903154837E-04
& 1.089876945084734E-08 Mg++ HMg++ 1.098734763576966E-08
3.514119485249377E-08 MgOH+ MgCH+ 3.542679857127635E-08
7 1.916539289681380E-13 H+ H+ 1.932115616855898E-13
£ 1.099999999999999E-01 C1- CIl- 1.10894005146B925E-01
% 9.999999999955653E-04 S0d= 504= 1.008127319513137E-03
§.035191240945192E-15 HSO4- HSC4- 4.067986529473380E-15
9.8000066267415304E-02 OH- OH- 9.979654411868162E-02
1.092064419243065E-07 HOO3- HCC3- 1.1008938975711625E-07
9.,9199212603905744E-05 CO3= CO3= 1.000053490322044E-04
2.193596324564590E-14 COZ (ag) CO2lag) 2.211424382786092E-14
6.916147D5573389BE-07 CaCO3 (aq) CaCo3 (aqg) €.972156792683824E-07
5.279145790754905E-11 MgCO3 [ag} MgCO3 (ag} 5.32205512T883555E-11
1.640770852300863E-11 B{OH)3 (ag} BiOH}3 (ag) 1.654105921272029E-11
9.989705247502765E-08 B{OH)4- B(OH)4- 1.0070B9477393192E-07
0. 0000000C0000000E+00 B303 (OH) 4- EB303 (OH)}4- 0.00000000000G000E+00
0.000000000000000E+00 B4OS5 (OH) 4= B40S5{OH)4= 0.000000000000000E+GT
§.6533684488967318E-11 CaB(OH)4+ CaB{0H)4+ §.723657139181022E-11
6.13483€150886349E-15 MgB (OH)}4+ MgB (OH)4d+ £.184695924470303E-15
0.000000000000000E+00 Br- Er- 0.0000000000000Q0E+00
9. 0000000000000008+00 €104~ perchlorate ClG4- 0,000000000000000E+00
0.000000000000000E+00 NadGH (ag) . .. to.titrace.base.only 0,00000000000300DE+A0
0.00000C000000000B+00 HCL(Aq) .. .., ..to.titrate.acid.only 0.00000000C000000E+00
0.000000000000000E+00 HCLO4 (ag) -to.titrate. acid.cnly 0.000000000000000E+00
0.00000C000000000E+J0 PosIon. .. .POSITIVE.ION 0.000000000000000E+30
0.00000C000000000E+00 NegIon. .o .v... ....NEGATIVE.ION 0.00000{000000000E+00
0. 000000000000000E+00 PosIon(OH) {aq)..... to.titrate.base 0.0000000000CO000E+Q0
0. 00000000D0D000DLE+00 ENegIonlag) .. ... ... to.titrate.acid 0. 0000000000000008+00
0.00000000G000000E+(0 Traceriag)..... congervative.tracer 0,00000G000000000E+C0
0.0000000DC00000DE+00 HIPOA (ag) HIPO4 (aq) 0.000008000000000E+Q0
0.0840000000000000E+C0 EHR2PDA- H2FD4- 0.C0000G000000000E+00
0.00000000C000000E+00 HPO4= BPO4= 0. 00000C0000000I0E+DD
D.00000000C000000E+00 PO4=- PO4=- 0.(0000C000000000E+00
0.000000004000000E+C0 NpO2+ Rpo2+ 0.0000000Q0000000E+0D
0.000000000000000E+G0 NpC20H (ag) Wp020H (ag) 0.000000000000C09E+DD
0.000Q00000000000E+00 MpOZ (OH)2- NpO2 (0H)2- 0, 00000000000DR00E+DD
0.000000000C00000E+C0 Np02C03- Np02C03- 0. D0000LOI0000000E+00
0.000000000000000E+00 NpO2 (€03 ) 2=- NpO2 (CQ3)2=- ¢.0D000C00000C0000E+00
0.000000000000000E+00 NpD2 (CO3}3==- NpO2 (C03) 3==— 0. 0000000000G0000E+DD
0.000000000000000E+00 Am+++ Am+++ 0, 100000000000000E+00
0.000000C00000000E+00 Am(03+ AmCO3+ 0 .0000000000C0000E+00
0.000000C00G00000E+00 Am{CO3) 2~ AmICO3)2- ©.000000000000000E+DD
0, 000000G09000000E+00 Am{CO3)3=— Am(C0Q313=- G, 00000080000CHJ0E+DD
0,000000000000000E+00 Am{QH) 2+ Am{QH)2+ ©.0000003000000Q0E+DD
0.000000C0DG00000E+00 Am{OH) 3 (ag) Am(0H) 3 (aq) C©.04000000000C000E+00
0.000000C00000000E+00 Th++++ Th++++ 0.00000000000C000E+00
0. 0000000D0000000E+00 U024+ U{VI)O2++ §.0000000000000D0E+00

0.G0000000DG0G000E+D]
0.000000000000000E+DG
0. 00000000006 C000E+0D0
0. 0GE0J0000DGG000E+DD
0.060000000000CG00E+0D
0.0000000000G0C00E+00
0. 030800000000 G0QE+DD
0.000G000000000G0E+D0
0.0000000000000COE+0D
0.000000000000000E+OC

¢.0000000¢00000000E+00
©.4000000D30000000E+040

NpQ20H (aged} MrOZOH |aged)
NpO20H (amor } NpO2OH |amor)
NaNpQ2C03 (s} NaNpQ2Co3{s)
NaZNpOZ (CO3}2(g)_DISABLED DISABLED
AMOHCO3 (c) AmMOHCO3 (o)
Am(QH}3 (8) Am(OH) 3 {&)
Nahm({C03)2.6H20(¢)

AmPO4 () AMPOL ()
Cas04, Anhydrite
Nax3{s04)2__Aphthitalite/Glaserite

CadCl2 {OH) 6.13H20_ Calmychloride A
CazCl2 [OH) Z.H20 CaOxychloride B

0.0000004000000G0E+D0
0.0000000000000C¢0E+00
0.0000000G0000000E+00
0.000000000000000E+0D
0.0000000C0000000E+00
9.00000000000000CE+00
0.004000020000000E+00
0.000600000000000E+00
0.00000000¢000000E+00
0. 00040000000Q00DE+00

0.000030000000000E+0D CaCl2 ., 6H20 Antarcticite 0.0D0000000O000COE+00
0.0C00000000000D0E+00 Cac03__  aragonite 0.00G0DA00C0000000ELQ0
0.000000000000000E+00 K2504 Arcanite 0.00000000000000GE+00
0.000000000000G00E+00 MgC'12 . 6H20 Bischofite 0.00000000000000CE+00
0.000CD3000000000E+00 Na2My {50412 .4H20, Bloedite 0.000000000CO0000E+00
9.999539072376642E-04 Mg (OH) 2, Brucite 1.008080852184262E-03
0.000000000000000E+00 Na6CO3 {504) 2 Burkeite 0.000000000C00000E+Q0
0.0000CDRA0000DCOE+00 CaCO3 Calcite 0.00000000CC0000CE+QD
B2 0.0000000000000008+00 Cacle 4H20______ CaCl2_Tetrahydrite 0.000D00000000DO0EHDD

0. G0000C000000000E+00
0, 00900RI00000C00E+D0

€. 000000000000000E+00 KMgQCL3 . SHZO, Carnallite ©.£00000000000000E+DD
€.000000000000000E+00 MgSO4 . THIC, Epsomite 0.000000¢0000000dE+DD
©.000000000090000E+00 CaNaZ (CO3)2.5H30, Gaylussite 0.000000800000D00E+O0
©.00000000C000000E+C0 Na2Ca(S04)2, Glauberite 0.000000¢000000COE+0D
0.000000000000Q000E+00 CaS0od. 2H20. Gypsum 0.0000000000000G0OE+DD
0. 0000000000 0000E+D0 NaCl Halite 0.0DG0000G00000GOE+DD
0.G00000000C00000E+0C MgSC4 . BHED___ Hexahydrite 0.000000000000C00E+00
0.000000000000000E+00 XMgC1S04 . IH20 Kainite 0.000000000000000E+DD
0.400000000000000E+00 KHCOJ Kalicinite 0.00000000C00000DOE+QQ
C.900000000000000E+00 MgSO4.H20, Rieserite 0.0060000C00000000E«00
C.0000000C0000000E+00 K2My (S04)2.4H20 Leonite 0.000000000000000E+00
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Appendix Q: Sample Output File “BATCH_DOC.FOR08g8”

0.000000C00000000E+00
0.900000000009000E+00
0.000000C0000000CE+00
0,000000000000000E+00
0.Q00000000000000E+00
C.300000C00000000E+00
¢. 00000000 0000000R+00
5. 000000000000000E+D0
0.000000000000000E+DD
0.00090000D00G000E+DD
0.00G000000000000E+00
0.00C000000000000E+0C
0.00000000000G000E+DG
0. 00000000000 0000E+0T
0.0GC00000000C000E+DD
0.0C¢0000000000000E+DD
0.
o
o
[
¢
[u]
[+]
[
¢
"]
[
Q
]
0
Q
]
0

00G0000C000G000E+DTR

. D00D000000GEOI0E+DE
. 0300000C0809000E+00
.0000000C000N00CE+DD
. 000000000000000E+00
. 0000000 DO00000E+DD
. 0000000C0000000E+D0
. 600000000030000E+D8
. DGQ0000CODON000E+DD
. 000000000 000000E+DD
. 000000000000000E+00
. DOB00000IAN000E+DD
.DERA0000000R0D0ED0
- 0000000000000 00E+DD
. 0DOO00000DEREO0E+DD
. DEOCO00000C0C00E+00
.00000000000DCDOE+DD

NadCa(504)3.2H20 Labile_Salt
HMgCa3 Magnesite
Mg2CL (OH} 3 . 4H2C MgOxychloride
HHS04 Mercallite
MNa2504 . 10820 Mirabilite
KSHE (504} 7. Misenite
NaHCQ3 Nahcolite
Na2C03. 10H20 Natron
MgCG3 . 3H20 Resquehonike
¥2Mg{sS04)2.6H20 Picromerite/Schoen
Na2Ca(C03)2.2R20 Pirssonite
K2MgCa2 (5041 4. 2H20 Polyhalite
Ca{CH)2 Portlandite
K2C031.3/2H20 ___ Potassium Carbonate
K8H4 {CO3)6.3H20___ K-Sequicarbonate
KNaCQ03 . 6H20 K-Na-Carbanate
K2NaR({{03)2.2820___ Potassium Tronha
K3IH(S504)2__ Sesquipotassium_Sulfate
Na3H{(S04} 2 Sesquisodium_Sulfate
NazCO03 . TH20 Na2C03-Heptahydrate
KC1, Sylvite

K2Ca (504} 2 H20 Syngenite
Mg2Cacls . 12H20, Tachyhydrite
Na2504 Thenardite
NazCQ3  H20 Thermonatrite
Na3H({CO3}2.2HIC Trona
NaZB407 . 10H2Z0 Borax
BIOH}3 Borix Acid_Solid
KB50&. {H20, K-Pentaborate_(30_<)

K2B407 .4H20__ K-Tetraborate_(30_C)
NaBO2 4H20_ __ Sodium Metaborate
MaBS508 . SH20 Sodium_Fentaborate
NaBOZ .NaCl.ZHZ(__ Teepleite_[20_¢)

Q.
0.
Q.
0.
0. C00000040000000E+0C
0. C0000000000C000E+CD
0.00000C00000CG000ESRD
0. 2000OCHOD00C0TAESDD
0.000000000000000E+0O
0.0000000000000C0E+O0
0.0000000000000C0E+OC
0. 000000000000000EDO
0.0000000000000C0E+00
0.0000000000000COE+0O0
0.000000¢00000000E+00
0.0000000000000R0E+00
0.000000R00000DE0E+C0
0.0000000000000C0E+00D
0,
o
[#]
o
[+
]
)
[}
o]
0
Q
Q
Q
0
a

0G0000C00000000E+QO
00400C¢000000003E+Q0
0030000G0000C0AE+DD
000000000000 00E+QT

000Q0000000C030E+LD

.20000CO00000000E+CD
. 000000000000000E+0D
. 00000000QQ00CD00E+DD
. 00000C00000C000E+CO
. 00400000000C000E+CO
. 00000000Q000000E+CD
.C00000000000000E+CD
. 0000000000000 00E+0D
.000000NG0000000E+00
. 00000008 0000000E+00
. 00000000 0000000E+00
.00000000000000CE+DD
.000000000000000E+00
. 00000000 BO000GE+0D
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Appendix R: Sample Output File “Np_NaCl_ BM_LOG.TITRATE"

Appendix R: Sample Output File “Np_NaCl_BM_LOG.TITRATE”

? Benchmark TITRATE Problem, LOGLC option; Np(V)02 with €03 in 5.61molal NaCl FMT VZ.0
* DATABASE: HMWBA/FWE6; Np(V)-Na-C03-0H-Cl-Clod (NR94) ;
* 95,01.31 Am(III)-Na-Cl-C0O3-S04-P0O4 (FRSR8?, FRFSC, P¥1, RFFR92, RFFY4, RRFF94)

N

B

Titrant Volutws per Grid
1 0.000609
2 0.100800
3 0.142510
4 0.203092
3 ¢.283427
13
7
8
9

lock, in milliliters

L]

LYo

C.412463
.587802
.B37673
-193777
L701254
.424462
.455107
.923883
.017038
-0aaoo0

EERBREBBREBERARE

-
Tl
I

Titration Results, molal

H20 Na+ K+ Ca++ Myg++ MgOH+ H+ cl- 504=
1) 1.32928E+01 5.61057E+00 0.0000CE+00 G.000C0E+00 0 .0CDOOE+DD 0.00000E+00 1.21872E-06 5.61096E+00 0.00000E+0D
2)  1.32978E+01 5.61C14E+00 0.0000CE+00 4. 0000H0E+00 J.0G000E+0C  0.00000E+D0 5.77346E-07 5.60993E+00 0.00000E+D0
3)  1.%299%E+01 5.61003E+00 0 .00000E+Q0 4.00C00E+00 0.0CDO0E+CO 0.C0000E+DD 2.58813E-07 5.6C950E+00 0.0J0000E+DD
4} 1.93029E+01  5.61000E+00 0.000COE+00  0.00COOE+00  0.0CDOOE+CD  0:.00800E+00  2.91065E-09  5.6CBBYE+00  {.00000E+DO
S5} 1.93072+01  5.61C00E+00  §,000Q0E+00  0.00COOE+OC  O0.00Q00E+CO  O.00000E+00  3.42512E-10  5.60800B+00  §,00000E+00
6) 1.53133E+01 5.61C00E+00 3.00000E+00 Q. Q0000E+0C 0.00000E+00 0. 00000E+DD 1.52979E-10 5.60673IE+0D 3.00J00E+00D
71 1.93221g+01  5.61C01E+00  0.0000DE+00  Q.00CDJE+00  O.DDIQOE+DD  O.DOO00E+00  §.66954E-1l  5.60431E+0C  0.00000E+(0
8} 1.93346E+401 5.61001E+00  {.000COE+00  0.00CDOE+0C  0.0DQ00E+00  O.00000E+00  5.44489E-11  5.60233E+0C  {.00000E+00
9) 1.93524E+01  5.61002E+00  0,00000E+00  (.00CDOE+OC  0.0DOGOE+(0  0.00000E+00  3.62550E-11  5.59B66E+00  Q,0Q000E+00
10} 1.9377BE+C1l 5.61003E+00 3.00000E+00 0.00000E+0G 0.00000E+0D 0. 00000E+00 2.51081E-11 5.59343E+00 0.00000E+0%
11} 1.94140E+01 5.61004E+00 0.00000E+00 0.00000E+0D 0.C00000E+DD 0. 08300E+3] 1,79163E-11 5.58801E+00 1.00000E+00
12} 1,94655E+01 5.610078+00  0.000ODDE+00  0.00DDOOE+DC 0.C0000E+DD 0. DQA00E+(0 1.31074E-11 5_57548E+00 0.00000E+00
13} 1.95390E+01 5.61012E+00 J,Q0000E+00 4.0CDCOE+Q0 0._COCUOE+0{ 0. 00000E+00 9.80463E-12 5.56057E+00 0.000Q0E+G0
14} 1.96437E+01 5.61D21E+00 7.00C00E+00 0.0C000E+CD 0. 00000E+DD 0. 00000E+00 7.48733E-12 5,53952E+00 0.00006E+Q0
15} 1.97930E+01 5_6L035E+00 0.0C0DJE+QO 0.00000E+CD Q. 00000E+D] 0. D0T00E+G] 5.82272E-12 5.50989E+CD 0.00000E+00
HS04- OH~ HCO3 - Co3= Co2(ag) CaCo3{aq) MgC03 {ag) B(OH) 2 [ag) B{CH)4-
1Y 0.00000E+00 3 _.C1685E-09 2.26571E-04 3.09384E-08 3.86103E-04 0.00000E+Q0 1. 00000E+QQ 0.00000E+CD 0.00000E+00
2)  0.0000CE+00  6.37029E-09 3.82212E-04  1.10196E-07  3.0B476E-04  C.0000CE+00  O.00000E+Q0  C.00000E+C0  0.0000CE+0Q
3]  0.000GCE+DQ 1.421238-08 5.79856E-04  3.72979E-07 2_D9763E-04 0. 00000E+00 9.00000E+30 0.00000E+GD 0.0000GE+00
4]  0.90000E+D0 1.26397E-06 9.92660E-04 5.67888E-05 4.03745E-08 0.00000E+00 0.90000E+D0 0. 00000E+0D d.0000CE+00
51  0.000C0E+00 1.07447E-05 1.00903E-03 4.30717E-04 4.82T02E-07 0. 0000CE+Q0Q 0.80000E+00 0.0DAQAE+DD 0.00006E+00
6) 0.00000E+00  2.40684E-05 1.02256E-03  1.11398E-031  2.1H328E-07 ©.0000CE+00  0.00000E+00  O0.CO00QE+0C  {.00000E+00
7] 0.00000E+00  4.24988E-05  1.04073E-03  2.00201E-03  1.25799E-07  C.D00C0E+00  0.000008+00  0.00000E+00  0.00000E+00
8] 0.000008+00 6.77337E-05 1.06541B-03 3.26656BE-03 B8.07635E-08  0.DOO0O0OE+00  C.DOOODE+00  0.00Q00E+00  @.Q00000E+30
8] 0.0000DE+D0 1.01B65E-04 1.09867E-03 5.06627E~03 5.53405E-D8 0. {0000E+G0 0. 00000E+(0 0.00000E+00 4.00000E+Q0
10) 0.00000E+DQ 1.4732739E-04 1.14291E-03 7.62562E-03 3.97510E-08 0.00000E+00 0.00000E+0Q0 0.00000E+0C 0.00000E+00
117 0.0000CE+00 2.071232-04 1.Z00R2E-Q3 1.12609E~02 2.96765E-06 0. 00000E+D] C. 00000E+D0 0.00903E+00 .00000E+34
121  0.0000CE+0Q 2_8B4255E-04 1.27533E-03 1.64154E-02 2.29199%E-08 0. 00000E+DD C.DQ000E+DQ 0.C0DG{(E+0D {1.00000E+010
13) 0.0000CE+D0  3.82200E-04 1.36956E-03 2.37058E-02  1.82542E-DR  0.00000E+d0  C.0DQ000E+00  0.COQQUE+O0  0.00000E+00
141 0.00000E+DQ 5.04613E-04 1.48672E-03 3.39812B-02 1.49488E-08 0. 00000E+00 0. 00000B+00 0.00000E+00 0.00000E+D0
15t 0.00000E+D8 &6_.55397B-04 1.63010E-03 4.83971E-02 1.25492E-08 0.00000E+DD 0. 00000E+DD Q.00090E+0D 0. a0000E+DD
BI02{OH} 4- B405 (OH) 4= CaB (OH) 4+ QB {OH) 4+ Br- cloda- NaOH(ag!..... HCL{ag)...... HClC4ag). ...
1}y ©.00Q00E+DD Q.0000DE+Q0 ¢.000C0E+00 4.00C00E+00 0._0D00JE+00 0.C0000E+0D 0. 00000E+CD 0.00000E+Q0 D.09000E+DD
2}y ©.00000E+0D {4.00000E+00 0. J0C00E+GG . 00DDOE+OD 0.00000E+0D Q.00DOQE+DD 0. CDONOE+CO 0.0000DE+Q0 0.00000E+DD
3) ©.00Q00E+00  0.00000E+00  G.00000E+00  0.000DDE+00  0.0DQOOE+0D  O.0D00Q0E+00  0.00CCG0E+00  ©.00000E+00  D.00DODE+DD
4) ©.00000E+OD 0,000D0R+00 0.00000E+00 0.00000E+00 0.00000E+DD 0.00000E+00D 0.00C00E+OD Q.00000E+00 D.00000E+DD
5) ©0.00000E+00  0.000DDE+00  0.00000E+00  0,00000E+00  €.00000E+00  0.00000E+D0  O.00DOOE+0D  0.000DDE+00  0.00000E+DD
6} 0.0G0000E«D0  0.0000OE+00  0.Q000DE+00  0.0000DE+Q0  #.00DGOE+D0  0.0DDOOE+DD  O.ODQOOE+OD  0.000DDE+00  0.00000E+0D
TF  ©.COQ00E+DC  0.000COE+00  ©.00000E+00  0.00000E+00  G.0ODOGE+DO0  0.0DDOOE+DD  0.00000E+00  0.00000E+00  0,0000QE+DD
8) 0.00Q00E+DD 0.00000DE+00 0.00000E+00 0, 00000E+00 0.0000GE+00 0.00000E+00 0.00009E+0D 0.00000E+00 0.30G00E+DD
9 ©0.00000E+00  0.000DDE+00  [.00000E+00  D.00000E+00  ©,00000E+00  0.0DDOOE+OD  O.ODDGOE+OD  0.000DDE+00  0.00000E+00
10} ©.0O00QOE+00  0.0000DE+00  0.00000DE+00  0.000COE+00  C.Q0DGOE+0C  0.00DGUE+00  O_O0DOCUE+00  0.Q00000E+00  (.D000OE+DD
11) 0.¢0000E+0D 0.00000DE+0D 0.09000E+0D 0.00000E+00 0. QD0QOE+OD 0.00000E+00 Q.00060E+00 0.0000DE+00 0. J33HE+DD
12} 0.0G000E+0C  0.00Q00E+00  D0.00Q00E+00  ©.0000DE+00  {.Q00DDE+Q0C  0.000DOE+00  0.00DQOE+00  G.00000E+00 0, 00000E+00
13) D.DOOQOE+DC  0.00000E+00  0.00000E+00  0.0000DE+00  [.0DODDE+0C  0.00DDGE+00  0.000Q0E+00  0.00000E+00  0,00080E+00
14) 0.0C000E+O0D 0.90000E+00 0.09000E+00 0.Q00000E+00 0. 00GDOE+OD 0.00000E+00 0.00000E+00 Q.00000E+00 0. D03 0E+00
15} 0.000008+00 0.000DDE+0Q D.00000E+00 0.09000E+00 0. 00000E+00 0.00000E+00D 0.00000E+Q0 ¢.00000E+00 0.000G0E+00
Peslofn. ..., .. Neglon....... PosIon{OH) (ag HNegIon(aq) .. Tracer({aq)... H3FOd{aq) H2PC4- HPO4= PO4=~
1) 0.00000E+00 0.9000D0E+0Q . 00000E+00 .Q0000E+0D . 00000E+00 0. 00000E+00 0.90000E+D0 . 00000E+CQ 0. CO00CE+0D

2} D.DODOOE+O0 0.00000E+00 .0Q000E+CT

1]

s] . G0000E+34 . 00000E+Q0 @ .Q00DCE+00 0.000D0E+Q0 . 00000E+00Q 0.00000E+00
3) 0.0G000E+0D 0. 00000E+00 0. 00000E+G0C

o

o

o [\
0 ]
.Q000DE+30  D.000DDE+00  €.0000D0E+00  C.Q0000E+00  0.00000E+Q0  O.0OGDDE+0D
4) 0.00000E+00  0.000DDE+0Q . G0000E+0D 0 0
5) D.0GCOQQE+O0  0.000CDE+00 .GODQOE+DBD o 1}

.00000E+(0 . 0000 0E+D0 0.00000E+00 C.00000E+Q0 . HO00E+RD 0. CO0DOE+DD
- 10000E+G0 . 00000E+00 0,9000DE+00 0.000DDE+00 -G0Q00E+DO 0.C0000E+00

cocoa
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Appendix R: Sample Qutput File “Np_NaCl_ BM_LOG.TITRATE"

6) 0.00000E+00  0.0000DE+00  0.00000E+B3G  0,000Q0E+Cd  ©.00000E+00  (.00000E+00  0,00000E+00  D.G0000E+DO  O.00DDDGE+0Q
7} 0.0C000E+00  0.0000DE+00  0.COO0Q0E+0G  0,00000E+G0  0.00000E+00  (.00000E+00  0.00000E+00  D.00000E+B0  O.CODZOE+QO
8} 0.0DOOOE+00  ©.0000OE+00  0.00000E+GG  0,GO000DE+00  0.00000E+00  0.00Q000E+00  0.000DCE+00  ©.Q0000E+30  0.DANQOE+00
9) 0.0ROQOE+00  G.J0DOOE+00  ©.000Q0E+00  0.CQO00DE+QD0  0.00000E+00  0.000DCE+00  0.000DCE+00  .00000E+C0  0.0D0DGDE+00
10} D.0DROQE+00  ©.000COE+(0  0.C00000E+(¢  0.Q0000E+00  0.00000F+00  ©,.000DBE+00  0.90000E+00  Q.00000E+00  0.000C0E+D0
11} 0.0DGOOE+00  C.0Q000E+G0  0.CO00QOE+(C  0.00000E+0Q  0.0000DE+00  0.Q0DODGE+00 O, Q00DO0OE+00  0.00000E+00  O,DHOCOE+00
12)  0.GR0O0E+00  0.00000E+80  0.DODOOE+DS  §.QO00DE+00  [.DODDOE+00  0.ODODCE+DD  0.00DDCE+0D . 00DDDE+DD 0. DDDONE+DD
13) ©0.C0000E+0C  0.0Q0DCE+00  ©.000QQE+00  0.ROODCE+d0  0.00000E+0C  {.0CCOOE+CC  O.00DDUE+OD  {.000CCE+00  0.DROQOE+00Q
14) ©,00000E+0C  0.00Q00E+00  C.QUQOUOE+d  0.0000CE+Q0  0,00000E+00  0.00DDJE+DD  0.0000OE+0C  O.00000E+00  0.000O0E+CO
15} D.0ODOOE+OC  0.00000E+00  C.00000E+00  0.0000CE+00  0.000D0E+00  0.00CDOE+CC  0.00000E+0C  0.000CCE+00  ©.0DDQOE+DO
Hp0O2+ NpO20H (ag) NoO2 (OH) 2- NpO2C03 - Np0z (CO3)2=- NpO2{CO2}I==- Amsi+ AMCO3+ AM(CO3)2-
1)  6.12705E-04  7.72186E-10  2.04381E-16  1.33526E-07 1.98384E-11  1,25197E-16  0.00C00E+0C  0.00000E+00  0.00D0QE+OC
2) 1.72085E-04 4.57851E-10 2.55903E-16 1.33573E-0)7 7.06677E-11  1.58545E-15 0.Q0000E+00  0.0Q0DOE+}0  0.00DJOE+DC
3) 5.08519E-05  3.0189268-10  3.762383E-16  1.33591B-07  2.39201E-10  1.81540E-14 0.00DCOE+00  0.00000B+00  0.00000g+00
4) 3.34101E-07 1.76339E-10 1.95583E-14 1,33613E-07  1.64205E-08  4,20660E-10  0.00000E+00  0.00000E+00  O.GODGOE+O0
5) 3.86BD7E-08  1.73507E-10 1.63614E-13  1,33630E-07  13.14571E-07  3,13656B-08  0.00000E+00  0.00000E+C0  O.00D00E+00
6) 1.704%4E-08  1.71249E-1¢  3.81B06E-11  1.33654E-07  7.13649E-07 1,61312E~07  0.0000DE+00  D.CO0Q00E+00  0.CDDQCE+0Q
7) 9.4945BE-09  1.68316E-10 6.20105E-13 1.33688E-07 1.28137E-06 5§.19502E-07  0.0000DE+00  D.00000E+C0  Q.D00ODE+00
&) 5.82643E-09 1.64493E-10 9.7E743E-13 1.33737E-p7 2.UB796E-08 1.37733E-046 0. 0000DE+00 0.00000E+G0 0.00000E+00
%) 3.76324E-09 1.59617E-10  1.42%19E-12  1,33B06E-07  3.23222E-06  3.29354E-06  0.00000E+00  0.C0000E+00  Q.CDDRCOE+00
10) 2.50641E-09  1.53583E-10  1.99131E-12  1.33905E-07  4.395191E-06  7.39875E«06  0.00000E+00  D.000Q00E+D0  O.CDOOOE+00
11) 1.703259E-09  1.46370E-10 2.67040E-12 1.34044E-07  7.13717B-06  1.5939BE-05 0.00000E+00  0.0Q0000E+0C  0.CO0OQUE+00
12)  1.17432E-0% 1.38078E-10 3.46327E-12 1.34242E~D7 1.03463E-05 3.32873E-05 0.00C0JE+00 0.00000E+D0 Q.00GDOE+QO
13) 8.18986E-10  1,28920E-10 4.35852F-12  1.34522E-07 1.48219E-05 §.77047E-05  0.000COE+00  0.00000E+00  0.00ODOE+00
14) 5.77122E-10 1.18205E-10 5.33952E-12 1.34916E-G7 2.10023E-05  1.34208E-04  0.000C0E+00 ©.DO000E+D8  O.0DDOYE+00
151 4.311022B-10 1.09291E-10 6.38945E-12  1,.35458E-07  2.94209E-05 2.58546E-04  0.00000E+00  0.DQ00UE+00  0.0000DE+00
Am|Co3)3=- Am(OH) 2+ Am(OH)3 (aqg)  The++s UO2++ NpOZOH(aged}_ NpO20H (amer)_ NaNp02C03 (s)_ Na3NpQ2 (C02)2
1]  0.00000E+00  0.DDOQGE+DC  O0.0CCOOE+O0  0.0Q0DAOE+00  O.00000E+00  (.0000DE+00  D.QOOOCE+00  9.99832E+00  0,00Q00E+00
21 0.0000CE+00  0.COQOGE+O0  0.0CQOJE+00  0.0COQ0E+0Q0  0.0D0000E+D0  .{0000E+00  0.0Q0CCE+00  $.93718E+CD  0.00000E+00
3} 0.00000E+08  G.00000E+00  0.00000E+00  0.QGOCGE+00  3.00G30E+0Q  0.0GGG0E+GC  0,00000E+00  5.95622E+00  0.00000E+00
4} G.CO000E+00  0.00DGGE+00  0.00000E+00  0.00000E+00  0.0Q000B+00  0.00000E+0C  0.0DOOOOE+D0  S.99473E+00  0.00000E+00
5} 0.00000E+0C  Q.0DDDDE+00  0.0000BE+00  0.000D0E+00  0.00000F+D0  0.00000E+0C  0.0GO00E+Q0  9.9%250B+00  0.00000E+00
6) 0.00000E+0D  0.0DDDDE+00  0.0000DE+00  0.00000E+Q0  0.00C00E+D0  0.0DO000E+0C  0.000Q0E+DC  9.98331E+00  ©0.00000E+00
7}  D.000002+0D  0.0000DE+00  (.0000DE+00  0.00C00E+00C  0.00CO0E+08  0.DOOOOE+QC  0,00000E+DC  9.98478E+00  0.00000E+00
8) 0.DCOQOE+OD  0.00000E+00  0.00000B+00  0.000DOE+00  0.00Q00E+0C  ©0.0DCOQ0E+00  0.0D0000E+00  9.97B32E+00  C.000QDE+C0
8) 0.0O00D0E+00  0.000QQE+00  ¢.00000E+00  0.000DUE+O0  0.00000E+00  0.CCO00E+00  D.COOOOE+0C  9.96%14E+00  0.000DDE+00
10)  0.0C000E+00  0.00CDDE+00  £.00000B+00  0.00CDCE+QC  0,00000E+0C  (.DGO00E+G0  0.Q0000E+00  9.956G7E+00  0.00000E+00
11) D,PROPOE+DO  0.00DDDE+DQ0  C.0000DE+00  0.(000DCE+00  0.0DDOOE+OC  O.DGOOOE+(3( 0, (0Q00E+00  9.93751E+00  0.0000DE+CD
12} 0.DO00CE+0D  0.000OOE+00  O.000COE+00  {.00C00E+00C  0.0DQQOE+0D  0.0DCO000E+00  0.00000E+0d  9.91117E+00  0.0000DE+00
12}  0.00000B+00  0.Q0000E+Q00  0.00000E+00  4.000DOE+0C  0.C0D00E+00  0.00000E+00  0.00000E+D0  9.87386E+00  1.00000E+Q0
14} 0.00000E+00  0.00CDDE+00  ©0.0000CE+Q0  {.000DOE+0C  O.C0Q00E+0D  O.0DDOQOE+3d  0.00000E+00  9.82115E+00  0.00000E+D0
15) 0.0000QE+0C  0.00OCCE+00° 0.00000E+00  0.00000E+00  0.00000E+00  Q.DOJ000E+30  0.00000E+D0  9.74696E+00  0.00000E+00
AmMOHCC3 {c)___ AmiOH}3(s)___ Nakm{f03)2.6H AmPO4(c) CaSOd___ _ NakK3(504)12__A CaCl2 6H20___ Cal03 H2504
1) 0.C0000E+00  O.00000E+Q0  D.Q0OODE+30  ©.000COE+00  O.0CDO0OE+CO  0.0D0DOE+00  ©.0000QE+C0  Q.0DGDDE+00  0.000Q0E+D0
2) 0.COO00E+0C  O.0000CE+00  0.00000E+00  0.000C0E+00  O,QCOOOE+00  0.0OQ00E+00  0,C0Q00E+G0D  O.00CDOE+00  0.000Q0E+DD
3) 0.00DCOE+0C  {.0Q0QDE+00  0.000Q00E+G0  0.00000E+00  £.00DQOE+00  O_O0CCOQE+D0  O.0DEOOE+O0  0.00000E+00  0.00000E+00
4) 0.00000E+00  0.00000E+D0  ©.CO0Q0E+30  0.00000E+00  0.0DO0QOE+00  0.DODOOE+DD  0.00CDOE+QD  0.Q0DDDE+00  D.CO000E+0DD
5) 0.000BOE+00  D.00QO0E+00  ©.CQO0000E+CG  0.0000UE+Q0  0.000DDE«0C  0.DODOOE+DD  0.00C00E+D0  0.Q000DE+00  0.00000E+DO
£) 0.0000CE+00  D.CGO00QE+00  0.00000E+0C  0.00000E4+00  D.00ODDDE+O0  0.000C0E-00  O.0DGOOE+DD  0.00000E+00  0,D0000E+00
7)  0.0000CE+D0  0.00000E+DD  ©O.DOCOOE+DD  0.00Q00E+00  0.00000E+00  0.000ROE+DD  O.00QGOE+0D  C.Q0000E+00  0.00000E+00
8) 0.000DCE+00  D.00Q00Z+0¢  0.0Q0CQ0E+DD  ©.0000DE+(0  0,0000DE+00  (0.000GOE+0C  O.00DOOE+00  ©.0Q000E+G0  O.00D000E+Q0
9)  0.00CDDE+00  0.0000QE+00  0.00C0JE+00  C.00000E+00  0.000GOE+00  .000COE+00  0.0000UB+00  0.00000E+00  O.0DODCEE+O0
10)  ©0.00000E+00  0.0000QE+DD  O.DGGOQE+DD  O.DOOQOE+0Q  ¢.0Q000E+00  0,D0000E+00  0.Q0000E+00  D,00000E+DG  0.CDBOOE+0Q
11} 0.00000E+00  0.0COQJE+00  0.00000E+00  G.0000CE«00  C.J000CE+00  0,00000R+QC  §.00000E+Q(}  0.00000E+Gd  O.000GOE+00
12) 0.00000E+00  C.DOAOOE+00  O_DODOOE+00  0.00Q00E+0Q  0.00000E+00  0.000C0E+00  Q.0Q000E+00  ©.DJ000E+D0  0.00000E+00
13) 0.000COE+00  C.0Q00QE+DD  0.0ODQOE+0C  0.00000E+00  0.00000F+Q0  0.000C0E+00  0.00000E+00  O.00000E+DQ  Q,00000E+00
14) 0.000GOEB+00  0.00000E+00  0.000QOE+0C  0.00DQOE+DD  0.0D0000E+Q0  (,00000E+00  0.Q0000E+Q00  0.00000E+00  O.0DOCDE+00
151 0.00000E+00  0.00Q00E+DC  O.DOCUAE+OD  0.0DDO00E+DD 0. 00000E+00  ©,000D0E+00  0.00000E+00  O.00000E+0D  O.000B0E+()
MgC1Z.6H20  Na2Mg(504)2.4 Mg(OHI2___ Na6CO3iSD412 _ CaCO3______ CaCl2.4H2C___ CadCl2(0H)E.1 Ca2Cl2(0HI2.H KMgC1l3.BH2C _
11 ©.00000E+00  0.CODOOE+OC  0.0CONDE+QC  0.0GDOOE+0C  0.CQ000E+00  ©.00000E+00  ©.00000E+DO  (.00D00E+DG  0.00Q00E+00
2}  0.00000E+D0  0.0DODDDE+QD  0.0DDDDE+0Q0  0.00DDDOE+OL  0.0DOOOE+LD 0. DDDOOEDD 0. DODOOE+0D  O.OBPDOE+DD  O.00000E+(D
3}  D.00Q00E+0C  0.0000DE+00  0.0000DE+09  0.000COE+Q0  0,00000E+0D  Q.0CROOOE+CGC  0,DO000E+DG  0.00DDOE+00  O.0000O0E+DD
4)  0.00000B+00  0.000DDE+00  ©0.00000E+00  0,00DDDE+Q0  0.00000E+00  (.00C00E+DE  O_DODGOOE+OD  0,00000E+Q0  O.00000E+00
5)  0.0GOQOE+00  0.00QUDE+00  D.000QDE+00  0.00000E+00  ¢.000QDE+00  0.0000OE+DD  O_OOCOOE+DQ  0.Q0DDDE+00  D.0GOQQE+DD
6} D0.0ODGOOE+00  0.J0000E+00  0.00000E+00  0.00000E+00  {.0DODDOE+00  0.00DCOE+00  O.ODOGOE+OD  0.Q00DDE+00  0.00000E+DO
7}  D.ODCOOE+O0  {.0000DE+G0  0,00000E+GG  0,00000B+00  0.Q0CDOE+O0  0.00000E+G0  O.DODOUE+00  0.0000DE+00  O.DOHOOE+00
8) 0.00000E+00  0.00000E+D0  0.000Q0E+DD  0.00000E+30  ©.00000E+00  0,00000E+D0  Q.00000E+00  O,00000E+00  O.DOOGUE+OD
%) 0.00DDOE+J0  0.00000E+0C  0.00COQE+DD  ©.DQ0Q0E+30  0,0Q00CE+00 . £.000DCE+00  {,000DBE+Q00  D.00000E+00  0.00DOOE+00
10)  0.0CROCE+00  0.0000QE+0C  0.00000E+00  C.00000E+G0  ©.000DOE+00  0.Q0000E+00  0.00008E+00  0.00000E+00  0.CDORGE+00
11} 0.00000E+00  C.0Q00QE+D9  0.0DJ00QE+00  0.000Q0E+Hd  ©.0000CE+00  D.00000E+00  0.00000E+00  0.00000E+00  0.0DQQOE+QO
12)  Q.0000DE4Q0  ©.DOQQOE+CD  O_CO00OE+0D  0.0D000E+0Q  (,.H000CE+00  0.000C0E+00  O,00000E+00  C.00000E+DQ  0.0000DE+0Q
13) 0.00CQCDE+30  0.0Q000E+00  O.COODOE+CO  0.0D000E+08  0.00000E+G0  C.0000CE+00  0.000DOE+00  0.00000E+0D  0.00DCDE+00
14)  0.00000B+00  0.00000E+0C  0.CODQOE+D0  0.0Q0DQOE+DD  ©.00000E+00  C.00000E+00  0.O00000E+00  O.00000E+GD  0.00DOGE+00
15) 0.0000GE+00  0.CGDOAGE+OC  0.0CCOOE+0C  0.0COQOE+00  0.000Q0E+DQ  0.DO00CE+C0  0,0000CE+D0  0.0D000E+00  0.0000CE+QQ
MgS04.7H20___ CaNa2 (C02)2.5 Ma2Ca(S504)2__ CaSO4.2H20_ NaCl MgSO4.6H20 . KMgCTlS04 . IH20 KHCO3 MgS04 . H2O___
1} 0.00000E+00  O0.OCOOOE+00  0.000CDE+00  0.Q0COOE+Q0  {,00000E+CD  O.CODOOOE+00  (.CDOQOE+RD  O0.DCOOOE+OC  0.00000E+DD
2}  ©.00000E+00  0.0000OE+00  ¢.0000D0E+00  0.00000E+0C  C.000OOE+00  O.0GGOJE+O0  0.00CUOE+00  8.000008+3G  0.Q3000GE+08
3)  0.CO0000E+00  0.0DOCOE+00  0,00000E+00 0.00000E+00  ©.00DGOE+00  0.00000E+~D0  0.0DROOE+O0  0.Q0000E+00  0,QUQQQE«0D
4} D.000Q0E+O0  0.000DDE+0Q0  [.0Q000E+00  0.0000DE+00  0.000QQE+00  0.000DOE+0D  O.QCQGOE+OD  0.Q000QE+00  0.0Q00Q0E+00
5) D0.QGOOOE+OD  0.0000CE+00  0.00000E+00  0.00000E+00  0.0ODDDE+00  0.000QQE+00  O.00DDOE+0D  ©O.Q000DE+00  0.000GOE+0D
6) D.DCOODE+0D  €.0Q00DE+00  0,C0000E+GC  0.00000E+00  0.D00DDE+00  €.Q00COE+00  0.000DOE+O0  C.00000E+00  0.0DDDEE+O0
7} 0.0OGOQE+00  ©.J0000E+C0  C.CZO0Q0E+GC  D.00000B+00  0.00000E+00  0.000DDE+00  0.00000E+00  D.00000E+G0  0.CDODOE+QO
8) D0.DDGOOE+OD  G.00000E+C0  0.CO0000E+CD  O.00000B+30  0,00000E+0Q0  0.000DDE+00  0.0000GE+00  0.00Q00E+Q0  Q.00DDDE+0Q
9} ©0.0DCGOE+OD  C.00000E+00  0.00000E+00  O.0CDOOE+D0  0.00000E+0Q0  0.00000E+00  0.0000DE+00  0.CO000E+0C  O.0DDDDE+00
180) 0.0D0DCOE+00  D.0O0QDE+DT  0.DODOOE+GD  D.DDDOOE+DE  O.LOODOE+0)  0.00000E+90 0. 0000DE+00  0.00DOOE+DT  0.00DDDE+DO
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11) 0,00000E+DC 0.0000CE+00 0.00000E+d0 0.00000E+00 0.A0C00E+00 d.0000E+QO 0.00004E+0C 0.000C0E+D0 0, 00000QE+D0
12} ©.00000E+00 0 .00000E+Q0 ¢,Q000Q0E+DD 0.00000E+D 0.d0000E+Q0 0.000CGOE+00 0 .00C0OE+Q0 0.00000E+00 0. 0DRGOE+DD
13) 0.0DDOAE+00 0.00000E+DO 0.DADO0E+DD 0.00000E+DD C.Q0000E+00 0.00000E+QQ Q.00000E+00 0.00000E+00 0.00DOQE+DO
14) 0.0DCOOE+D0 C.00000E+00 0.00000E+00 (0 .000Q0E+DD 0. 00000E+QQ 0.00000E+00 4. 00000E+00 C.00000E+0D 0.0000OE+0O
151 0.0000DE+QQ 0.D0A00E+CD 0.CD0Q0E+QD Q.0000QE+DD 0.0000QE+DQ 0.0000CE+QQ 0.0000CGE+Q0 Cc.00000E+0D 0.00000E+00
K2Mg {S0412 . 4H N=dCa(S04)3.2 MgCQo3__ __ Mg2Cl(CH}3.dH KHSO4 Na2S04 .10H2C_ KBHE(S04)7___ NaHCO3_______ Na2C03 . 10H20_
1}  0.3GG00E+L2D 0.0000DE+QD 4.000C0E+Q0 1.00000E+00 0.0000Q0E+DD 0.00000E+DD C.D3000E+0D0 0.00000E+0C 9 ,00000E+00
2} 0.,DCC000E+00 0.000DDE+00 0.0Q000E+GT &.00D0DEAO0 a.00000E+CD 0.G2000E+DD 0. 00000R+0D Q0.0000QE+QC 04.00000E+00
3) 0.D0QDOE+QD Q.00000E+00 0.00000E+00 (.00000DE+00 ¢ .00000E+0D Q.000G0E+00 0. 000J0E+CD 0.0C000E+QO 0.00000E+DD
4) 0.000G0E+00 0. 00000E+(0 0.00000E+(0 0.00000E+0Q . 00000E+0D {.000C0E+DD 0.00000E+0D ¢ .000D0DE+Q0 a.00000E+DD
%) 0.00000E+J0 0.00000E+00 0. 00000E+D0 0.00000E+00 0, 0QGDCE+Q0Q 0.00000E+D0 {.00000E+00 0.00000E+00 0.0000QE+00
6) 0.00DDGE+DO 0.00000E+DG 0.00000E+DD 0.00000E+00 D.0900DE+DO 0 .000DQE+O0 0.00000E+Q0 0. 00000E+0Q 0. 00000E+00
7 0,0000DE+09 0.DCO00E~0D 0.00DCOE+D0O Q. 00000E+DD 0. 0000DE+00 ¢ .00000E+00 ©.00000E+00 0.CO000E+RD 0.00000E+00
8) 0.00000E+C0 0.00000E+C0 Q.000COE+D0 0.C0CO0E+DD 0.00000E+DD 0. 0Q000E+00 ¢.00000DE+00 0.Q0000E+DD 0.00DC0OOE+DD
9}  0.00000E+(C 0.0DCOOE+OD {9, 00000E+0D 0.00000E+00 0 ,DGO0DE+{(D 0.C0000E+00 0. 00QDOE+0D 0, 00000E+00 0.0C000E+QD
10} ©.00000E+0C 0.00000E+00 0.000D0E+00 0.C0000E+D0 0.00000E+00 0.G0000E+00 0. G0000E+(D 0.DOUQOE~DD 0.0DDCOE+D0
11y D.COQ00DE+OD 0.00000E+00 0.00000E+00 0.000GOE+QD 0.00000E+0D 0.00C00E+DD 0. 00000E+DD 0.00000E+00 0 .00000E+00
12)  0.0000Q0E+CD 0.00000E+00 ¢ .00000E+Q0 C.000QCE+00 {.00000E+DD 0.D0C00E+{0 0.00000E+0C 0.00000E+00Q ¢.00000E+DDQ
13} 0.00000E+0D 0.00000E+QD 0. 000D0E+DD {.000DUE+DO 0.00C00E+DD 0.00000E+0T 0.00000E+DD Q. 00000E+Q0 0.00000E+GD
14} 0.DDCOOE+00 0 .000DDE+00 0, 00000E+00 0. 00000E+00 0 .00C00E+D0D 0.00D0QE+GD 0.DROQ0E+DD 0.00DROE+DQ 0. 0Q000E+CD
15) G.00GCDE~+DQD Q.00000E+00 D.00000E+G0 0.00000E+Q0Q 0.00000E+DD 0.00000E+00 0.0DCOOE+DD 0.00000E+D0 0.00000E+00

MgC03 . 3H20___ K2Mg(504)2.6H Na2Ca{C03)2.2 KaMgCaz (S04)4 CalCH) 2 K2003.3/2H20_ X8H4(CO3)6.3H KNaC03.6H20_. K2NaH(CO3}z.2

1) 0.00000E+0Q 0.C0000E+D0D 0._DO0OOE+DD 0. 00000BE+GD 0. 0Q0DDE+00 0,00D00E+00 0.00000E+00 0. Q0000E+C0D 0.00000E+00
2) 0.000DDE+0D 0_D0000E+0D 0.00D00E+DD 0. 0Q000E+R0 0. 00000E+D0 0 .00000E+00 0.000DCE+QD 0.00000E+{0 0.00000E+00
3] 0.0000DE+CO 0.00000E+0D 0_000COE+0O Q.00000E+DQ 0.C0000E+00 . 00000E+00 0.900000E+Q0 0.00000E+00 0.08000E+00
4) 0.0000DE+00 0.0000JE+DD 0.00000E+00 0.CDGO0E+DC 0. 00000E+00 0. 0000DE+00 Q.0000DE+00 0.C¢0000E+DD 0.C00DOE+00
5! 0.00000E+0DC 0.00C00E+00 0.000DCE+DD 0.C000QE+0D 0.DC000E+(Q0D 0.00000E+00 ¢.0000DE+00 0.GO000E+DD 0.,0C000E+Q0
&) 0.00000E+DD 0.00QGCE+O0 0.0000CE+Q0 0.000C0E+0D 0.00000E+00 0.C0000E+00 0. 00000E+00 0.DC000E+DD 0.0C0C0E+0D
7y ©.00Q00E+0D Q.00DC0E+QD 0.00000E+00 0.0G0C0E+00 Q.000QJE+DO 0.00000E+00 0. G0Q00E+CQ 0.00000E+00 0.00000E+00
8} D.0C0QOE+D0 0.00000E+00 . Q0000DE+00 1.00000E+00 0.0DOOQE+DE 0.00000E+G0 0. COQ00E+R0 0.00C00E+Q0 0.00000R+00
9) 0.0000QE+0D 0.00000E+00 0. Q0000E+90 ¢ .00000E+00 0.00000E+0C 0.0BC00E+G( 0, 0O0O00E+D0 0 .0DDCGE+QD 0.00000E+0OQ
10y 0.0BGOQE+00 0 .00000E+00 0.00000E+0D (. 00000E+00 0.00000B+00 0.00000E+0D 0. DG090E+DC 0.00DRDE+Q0 0.00000E+00
11) 0.0DDOOE+00 . 00000E+00 0.00000E+00 0. Q000DE+00 0.00000E+00 0 .0000JE+DD 0. DGO0Q0E+QD 0.00000E+00 0.0000DE+G0
12) 0.0D0QOE~+QQ 0. 00000E+Q0 0.G0000E+RD 0. 00000E+00 0. Q0DBGE+OD {.000COE+DO 0.0000QE+DD 0.00000E+00 0.00000E+0D
13) Q.00D0CE+00 0, 00000E+DT 0.00000E+GE 0,90000E+0Q 0. 00000E+00 0.00000E+00G (. 0DCOJE+OD 0.0000CE+00 0.Q00Q0E+0D
14) 0.00CDBE+0Q 0.G0000E+DG 0._DCO0OE+CD 0.00000E+00 0. 00000E+Q0Q 0.000008+00 0.0DR00E+O0D 0.Q00000E+GD 0.00000E+D0
15) 0.00000E+00 0.00000E+D0 0.000J0E+DD 0.D{I000E+(0 0, 00000E+00 0.00000E+00 0.000G0E+O0 0.00000E+GD 0. D300JE+00
K3H{S04)2__Se Na3H(504)2___ Na2C03.7H20__ KCL K2Ca(S04)2.H2 Mg2CaCl6.12H2 Ne2S04_____ Na2C03 .H2O___ NadH(C0O3)2.2H
1} 0.00000E+D0 0.00000E+00D 0.00000E+00 0.CG0000E+DE 0.00000E+00 0.00000E+00 0.00000E+0Q 0. 00000E+00 0 .0CCDDE+O0
2}  0.00000E+00 0.0DEOOE+QD {Q.000C0E+00 Q.CO000E+DG 0.00000E+00 . 0000DE+00 0.00000E+00 0.C0000E+00 0.0000DE+QQ
3} ©.00000E+DC 0.00C00E+0O0 0.000DCE+00 0.00C00E+OC 0.DOJ00E+00 0. 00000E+00 0.00000DE+0Q 0. C0000E+DD 0.00000E+QQ
4} ©.CGOQ0DE+DG 0.00000E+00 0.000D0E+D0 0.00009E+00 0.DZ000E+BD 0. 0000DE+Q0 ¢ .00000E+00 0. Q0000E+DD 0.00000E+OD
5} {.G0000E+0DQ Q.000C0E+Q0 0.00000E+00 0.00000E+0D 0_00000E+G0 0. 0000DE+00 ¢, C000DE+00 0. 0C000E+CDR 0.0CC00E+QD
6) ©0.C00000E+DD 0.00DDDE+QO 0.Q0000DE+00 0.0CDCOE+0D 0.00000E+00 0. 00000E+00 ©. G0Q00E+0D 0.DR000E+OD 0,00000E+00
7y 0.00000E+DD 4.00000E+00 Q,Q00000E+D0 0.00DGOE+0OD 0.00000E+DC 0.00900E+00 D. B0Q00E+CD 0.0DC00E+00 0.0000BDE+00
8) D.BGO00E~DD {.0000CE+Q0 0.00000E+Q9 0.00000E+QQ Q.0DOOOE+DD 0.00900E+00 0. C0000E+CO 0._DDCOOE+DD 0.000C0E+0D
4a) D.DCOQQE+DO 0.000DDE+J0 . 00000E+0Q 0.00000E+00D 0.00009E+0G 0.0000DE+00 0. GO000E+D0 0.00C00E+OD 0.00000E+00
10 0.0D00QE+OD 0.00000E+DO 0.00000E+00 C.00DDOE+DD 0.00G00E+DD 0.00000E+00 0. 00000E+DC 0.0000QE+00 0.00000E+00
11) 0.DOOQOE+DG 0.00000E+Q0 0.00000E+00 . 0000OE+OD 0.00G00E+DD 0.00090E+00 0. G0000B+00 0.0DRAGE+0D 0.00000E+(0
12} 0.DOOOOE+QOD 0.0000DE+0Q 0. 00000E+J0D ¢.00000E+00 0.0DL00E+OD 0.00000E+00 0. 000Q0E+DC 0.00CEGE+QD 0.0Q0D0DDE+GO
13y 0G.0000QE+00 0.00000E+0D 2. 00000E+00 0 .Q0000D0E+Q0 a.00000E+00 0.DGRO0E+GD 0., 000Q0E+DD 0.00000E+QD 0.00000E+DD
14) 0.DDCOOE+OD 0.00000E+00 0.009000E+00 . 00000E+D0 ¢, 000G0E+OD 0.0000Q8+00 0.DROO0OE+DD {.000DDE+D0 0.00000E+DD
15) 0.00G0QE+0D G.J00D0E+0) 0. 0Q0000E+00 0, 0Q000E+D0 . 00DCOE+0Q {.000COE+DD 0_00CG0QE+DD 0.00000E+00 0.00000E+D0
Na2ZB407 .10H20 BI(OH)3 KBSOR .4R20___ KZB407.4H20__ NMaB0O2,4H20_ NaB506.5H20__ NaBO2.NaCl.2H

1) 0.DDOCDE+Q0 0. 00000E+GD 0.00000E+RD 0. 00000E+0{0 0. 00000E+00 0.00000E+OD Q.0DDROE+OU

2) 0.000C0E+Q0 0. 00000E+CO 0. G0000E+00 0.00900E+1) . 000DOE+O0 ¢.000DGE+OD 0.00000E+00

3) 0.0DOGOE+Q0D ¢, 00000E+00 0.000002+00 0.00000E+G0 (. 00000E+D0 Q.00DDCE+QOD 0.000D0E+00

4) 0.00000E+00 G, G0000E+DC 0.D0000E+DE 0.00000E+G0 0, 00000E+00 0.00000E+Q0 0.00000E+00

5) Q.000DCE+0Q 0.G0Q00E+DE 0._0C00DE+00 0,90000E+00 0.QQ0DDE+00 0. 00000E+00 0.00000E+Q0

6) 0.000CDDE+00 0._0CG000E+0D Q.000COR+00 0.000Q0E+DD 0._G0000E+00Q D.00000E+00 0.00000E+00

7) 0Q.000DDE+Q0 0._0Q000B+00 Q.000C0E+CD 0.00G00E+00 0. 00000E+G) 0. 0Q000E+00 0.00000E+Q0

B) 0.00000E+C0 0. 00000E+0D 0.000DOE+DD 0.00000E+00 0. 00Q00E+RD 0. 00000E+Q0 G.0J000DE+00

§1 0,00000E+0C 0.0DDROOE+OD 0.0000CE+OD 0.CODCOE+OD 0.DMHODE+{(0 0.00000E+00 . 00000E+00
10}  ©.90000E+DE 0.000COE+00D 0,0000DE+00 0.CODGOE+OD 0. 00000E+RD 0.00000E+00 0. 00Q00E+00
11 ©.00000E+00 0 .0000CE+Q0 G.000DDE+QD 0.00RQOE+OD 0 ,00000E+0D 0._00000RE+00 0. 00Q00E+00

12) ©0.000Q00E+0D 0.00000E+00 0. 00000E+00 0.000DQE+QD 0.00000E+00 Q.D0000E+DO 0. G0000R+00

13) D.GROOOE+D0 0 .00000E+00 0. 00000E+040 0.0000DE+00 0.00000E+00 0 .DDGOJE+DO 0.00000E+CD

14) 0.00000E+0O0 0.0000DE+00 0. 00000E+00 0.00000E+00 0, 00000E+00D 0.00G0OR+00 0.DDDOOE+OD
15) 0.00000E+QO 0.0000DE+Q0 0.CO0000E+(0 G, 00Q00E+00 C.000DOE+OD 0.000C0E+OD 0.000C0E+00

IonicStreng En[=jVolts TitrVol,ml pH

1 5.61119E+00 0.00000E+C0 0. 00000E+00 5.3205
2) 5.61031E+00 0. 00000E+Q0 ¢, 10900 5.6451
3) 5.6100BE+0D 0, 00000E+DC 0.14251 5.9936
L] 5.610C5E+Q0D C.00000E+00 C.20309 7.9427
5} 5.61049E+00 0.00000E+0D 0.28943 §.8722
€} 5.61112E+09 0.000Q0E+0D 0.41246 9.2225
7} 5.61202E+00 0.C0000E+0C 0.58780 9.4695
8] 5.51320E+00 0.CO000E+Q0 0.83768 9.6719
9} 5.61513E+00 0.0D00DE+O0 .1938 9.8493
10} 5.61774E+00 0.00C0D0DE+00 .TCL3 10,010
11} 5.62149E+00 Q4.00C0CE+00 L4245 10.158
12) 5

13) 5.63455E+00 0.00000E+00 .9239 10.424
14 5.64553E400 0.0Q000E+D0 L0170 10.545
15] 5.66143E+00 C.00000E+00 0.000 10.659

1
1
2
.62BA5E~Q0Q 0.00000E+00 3.4551 10.28%
4
7
1
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Appendix §: Sample OQutput File “Np_NaCi_BM_LIN.TITRATE”

Appendix S: Sample Output File “Np_NaCl_BM_LIN.TITRATE”

i Bencimark TITRATE Froblem, LINEAR option; MWp{V)02 with CO1 in 5.6lmolal NaCl FMT V2.0
# DATABASE: HMW84/FWS86; Np(V)-Wa-CO3-0H-C1-C204 (NR94):;
95.01.31 Am{IIl)-Na-Cl-003-504-P04 (FRSRES,FRFI0, P91, RFFR%2, RFFY4, RRFFG4)

i

% Titrant Volumee per Grid Block, in milliliters

& 1 0.000000 ol
K 2 0.100000 mL
& 2 0.20000¢ mL
u 4 0.30000C ml
HH 5 0.400000 mL
¢ 3 0.500000 mL
2 0.600000 mL

B 0.700000 mL

% 0.800000 mL

10 0.30C00Q mL

11 1.000000 mi,

12 1.1¢0000 oL

13 1.200000 mL

14 1.300000 mL

15 1.400000 =L

Titration Results, molal

H20 Ha+ K+ Cat++ Mg++ MgOH+ H+ cl- 504=
1) 1.92928E+01 5.61057E+00 Q.00000E+00 0.00C0OE+DD 0.00000E+{(0 0. 000DDE+0Q 1.21872E-06 5.61096E+C0 0. 000008+00
21 1.92978e+01 5.61C14E+00 {.0DDRUE+O0 0, 00000E+0C 0.00000E+00 0. 0000DE+Q0 5.77346E-07 5.60923E+00 . D00C0E+DD
3] 1.93027E+01 5.61C000E+00 0.00000E+OD 0.00C00E+QG 0.00000E+0Q 0, 00000E+00 3.87609E-09 5.60892E+00 0. 03300E+00
4} 1.83077E+1 5.61000E+0D Q.00000E+00 0. 0CHO0E+DG 0.0J000E+00 0.00000E+00 3.09202E-10 5.6Q0789E+00 C.Q0009E+00
5] 1.93127E+01 5.E1000E+DD 0.00000E+00 C. 0COO0E+DO 0.00000E+00 G .000DOE+OD 1.61951E~-10 5.60685E+00 G.Q0000E+0D
6) 1.93177E+(1 5.51000BE+0D 0.DGGOJE+DD C.00000E+Q0 0. 00000E+00 0.000C0E+0O0 1.10445E-10 5.60582E+00 0.Q0000E+DD
7) 1.93227E+01 5.61001E+0D0 0.00000E+DD 0.20000E+3 0.00000E+00Q 0.00009E+00D 8.42049E-11 5.60479E+00 0.00000E+DG
Bl 1.93277E+01 5.61001E+00 0.00000E+00 0.&0000E+G0 0.00000E+00 0.0000QE+D0 5.52859E-12 5,60375E+00 0. 00000E+0¢
%) 1.93327E+01 5.61001E+00 0. 00090E+B0 0. GO000E+0D 0. 000L0E+QD 0.0DC00E+DD 5.76161E-11 5.60272E+00 0.00000E+00
10) 1.93377E+01 5.61001E+00 D.GO0000E+CD 0, ¢0000E+00 0. 000GCE+OD 0.00000E+0G 4.99485E-11 5.601E9E+00 {t.0000DE+20
11) 1.93427E401 5.61001E+C0 0. CO000E+GD 0.00000E+00 ©.00000E+D0 J.00G00E+0G 4.41741E-11 5.60066E+00 0.00000E+00
12) 1.93477E+01 5.61002E+00 0, 00000E+G0 0. 00000E+00 0.00DCOE+OD Q.000A0E+CD 3.%6673E-11 5.5%362E+00 0.00000E+00
13) 1.93527E+01 5.61002E+00 0. 0J000E+0D 0. 00000E+00D 0 .00000E+OD 0. 00000E+{0 3.68050%E-11 3.55A59E+0D 0.0000DE+00D
14) 1.93577E+01 5.61002E+00 0. 0000CE+00 0.0000CE+Q0 0.00000E+00 Q. 000008+00 3.308318E-11 5.55756E~00 0.00000E+00
15) 1.93627E+01 5.61002E+00 {.00000E+00 0.000DOE+0Q 0.00C00R+00 0.0G000E+G) 3.06048E-11 5.5%653E+00 0.00CDOE+DD
HS04- O~ HCO3 - C03= ccz(aq) Cado3 (ag) MgC0o3 {aq) B(OH)3 {aq) B{OH}4-
1) D.DGOQQE+DG 3.016B5E-09 2.26571E-04 3.09384E-08 3.88103E-04 0.00000E+00 . 0000CE+0D 0.GO0000E+0D 0.000DOE+00
2) 0.DGOOOE+DD 6.3702%E-09 3.82212E-04 1.10126E-07 3.08476E-04 0.00000E+(D 0.90006E+09 0, G000QE+DD Q.C0000E+00
3)  0.00000E~DD 9.49137E-07 9.89705E-04 4.25167E-05 5.36072E-D6 0. (HO00DE+00 0.0000GE+0QQ 0.00000E+DC 0.0DDGOE+00
4) ©0.00000E+00 1.19027E-0% 1.01025E-03 5.44263E-04 4.36260E-(+7 0. G000DE+Q0 0.000DGE+Q0 0. G)000E+BO 0.000C0E+00
5} ©.00000E+0Q0 2.2733HE-05 1.02124E-03 1.05085E-03 2.30850E-07 0. 00000E+00 0.00000E+00 0. 00000E+CD 0. 000G 0E+00
6} {.00000E+DD 3.334BBE-05 1.03174E-03 1.558739E-03 1.58357E-07 0.00000E+00 0.00000E+Q0 0. 00000E+C0 0. 00DQ0E+DD
7t 0.00000E+00 4.37579E-05 1.04136E-03 2.08377E-D3 1.22321E-07 0. 0J00LE+00Q 0.000DGE+Q0 0.00000E+00 0.00000E+0C
8] 0.00000E+{30 5.39%719E-05 1.05196E-03 2.58%97E-03 1.C0104E-07 0. 00000E+00 0.00000E+Q0 0. 0Q000E+00 0. DODHE+00
2] 0.0000DE+G0  6.40010E-05  1.06176E-031  3.07597E-03  5.51877E-08  0.00000E+00  0.00000E+00  {.00000E+00  O.DODCGOE+00
10) 0.0000DE+00 7.38545E-05 1.07138E-03 3.5B175E-D3 7.44762E-08 0.D00DGE+0D Q.00000E+Q0 0.00000E+00 0. 00000E+00
11)  0.00000E+00 8 _35411E-D5 1.08CB2E-03 4.08730E-03 €. 64082E-08 4. 000DAE+DD {.000D0E+0D ¢.J00DDE+(QQ 0., DQJ0QE+QO
12) 0.0000GE+0D 9.30687E-D5 1.09010E-03 4.59262E-03 6.01101E-08 ¢.0000QE+CO Q.00000E+00 0 .000DOE+00 0.00000E«DD
13) 0.00DDOE+00 1.02445E-04 1.09923E-03 5.09770E-03 5.50552E-08 G.00000E+00 Q0. 00000E+00 €. 00000E+00 0. 00000B+00
14)  0.00000E+Q0 1.11676E-D4 1.10821E-03 5.60253E-03 5.09071E-08 0.000C0E+0O0 0.000C0E+00 .Q0000DE+0Q 0.00000E+D0
15) 0.00000E+Q0D 1.20768E-04 1.11796E-03 6.10711E-03 4.74407E-08 0.00000E+DD 0.00000E+00 . Q0000E+00 0.00000E+00
(missing species have zero amounts)
Kpoz+ HpO20H {aq) NpO2 (CH) 2- RpO2C03 - NpO2 (CO3)2=- HpOZ(CO3)3==- Amme++ AmCO3+ Am(CO3)2-
1) 6.12705E-04 7.72185E-10 2.04381E-16 1.33526E-07 1.983B4E-11 1.25197E-16 0.00C00E+OD {Q.0000DDE+Q0 0.00000E+0D
2) 1.T72085E-04 4.57851E-10 2.55903E-16 1.33573E-07 7.06677E-11 1.5B546E-15 0.0DGOYE+DD 0.0000DE+Q0Q 0.Q0000E+DD
3) 4.462427E-07 1.76865E-10 1.47303E-14 1.33612E-07 2.72677E-08 2.35800E-10 0.00C00E+CD 0.000C0E+00 0.00000E+0D
4) 31.4B770E-08 1.73300E-10 1.81034E-13 1.33632E-07 3.43878E-07 3.85776E-08 0.00C00E+OD {Q.00000E+00 0.0Q0000E+DD
5) 1.80727E-08 1.71468E-10 3.42173E-13 1.33651E-07 6.73247E-07 1.43575E-07 0.00C00E+CD {Q.00000E4+00 0.00000E+GG
6) 1.22005E-08 1.69754E-10 4.97012E-13 1.33671E-07 9.97243E-07 3.14B30E-07 0.0DGOJOE+CD 0 .000D0E+Q0D D.Q00000E+DD
7) 9.Z1138E-Q% 1.68120E-10 6.45975E-13 1.336%0E-07 1.320B1E-06 5.51937E-07 0.00C00E«CD {0.00000E+00 0.00000E+DD
8) 7.4D0E7E~09  1.66553E-10 7.H946TE-13  1.33710E-07  1.643%1E-06  8.54484E-07  0.00000E+00  0.00000E+00  0.00000E+DC
9) 6.1BE3DE-09 1.65046E-10 9.27855E-13 1.3372%E-07 1.96653E-06 1.22205E-D6 0.0DEOJE+OD 4.000DDE+QD D.Q0000E+DD
10} 5.31533E-09  1.63595E-10 1.06147E-12  1.33749E-07  2,28866E-06 1.65423E-06  0.00000E+0C  ©0.0000OE+0D  0,000Q0E+D0
11} 4.68C17E-09 1.62195E-10 1.190631E-12 1.3376BE-Q7 2.61033E-06 2.15059E-D6 0. 0D000E+CD 0.00000E+00 ©.00000E+00
12} 4.14945B-09 1.60844E-10 1.3155%E-12 1.33788E~07 2.93165GE-06 2.71072E-DB 0.0DROOE+CD Q.0000DE+QD 0.00000E+04
13) 3.74015E-09 1.59537E-10 1.43661E-12 1.33307E-97 3.25216E-06 3.33418E-06 0.00000E+DD 0 .00000E~+00 0.00000E+00
14} 3.40480E-09 1,5827T4E-10 1.55392E-12 1.23827E-07 3.57233E-06 4.02056E-06 0.0D00QE+GD 0.00000E+00 0.00Q000E+00
15) 3,12502E-09 1.57050E-10 1.686773E-12 1.33B4BE-07 3.89199E-06 4.76942E-06 0.00G00E+DD {0.00DLDE+0OD {.00000E+(0
Am(CO3)3=- Am{CH) 2+ Am(OH) 3 (ag) Th++++ VO2 ++ NpOZ20OH {aged) _ NpOZOH {amor)_ NaNpO2C03 {s]_ NaZNpO2 (CO3)2
1) D.0GOJQE+D0Q 0.00000E+00 . 00000E+DD 0. 00000E+D0 0.00000E+0OD 0.00C00E+QD 0.00GI0E+CD 9.99932E+00 0. 00000E+00
2} D.000Q0E40G  0.0000CE+D0  {.0000DE+00  0.00000E+00  0.00000E+0C  0.0CCOOE«00  0.00000E+00  9.9971BE+0D  0.00000E+D0
3} D.CODO0E+QD 0.00000E+00 ¢ .00000E+00 0.000DGE+00 0.00000E+00 Q_00GOQE+DD 0.00000E+Q0 9.99461E+00 0.00000E+DD
4) 0.C0000E+DL 0.000DDE+00 C,Q0000E+00 0.0000CE+00 0.00CQQE+OD Q.00CA0E+DD 0.00C0QE+DD 9.99222E+00 0 .Q0000E+DD
5} C.GO000E+00 0.00020E+00 0.00000E+Q0 0. 0000CE+00 0.00G00E+CD 0.00C00E+Q0 0. 00G00E+DD 9.98984E+00 0.000008+00
&) ©.00000E+0C 9. 00000E+00 {.Q0D0DDE+0Q 0.0000GE+00 0.00000E+00 0.00000E+00 0.00000E+CD 9.987C3E+00 0, 00000E+00
7y C.G0000E+DD Q.000GOE+QQ 0.00000E+00 {.00DDOE+QD 0.00COQE+0D 0.00000E+DD 0.0DDCOJE+CD 9.98446E+00 0.00000E+00D
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Appendix 3: Sample Output File “Np_NaCl_BM_LIN.TITRATE”
8] @.00000E+DD 0.0CO30E+Q0 0.000C0E+0Q 4.00000E+Q0 Q0 .0C000E+CD 0_0000JE+GG 0.000Q0E+DG 9.98188E+00 0.0Q000E+0DD
%] 0.000D0CE+DQ 0.0CDO0E+QQ 0.00000E+00 1.00C00E+00 0 .00000E+CD 0.G000QE+DD 0.COQQ0E+DOD 9.97830E+00 0.Q0CG0D0E+DD
iC) 0.0000CE+D0 0.CDDAQE+OC 0.00C0QE+Q0 {.00C04E+00 0.00000E+0D 0.CO000E+DD C.CO000E+DD 9_.97672E+00 0.G00Q0E+Q0
11)  0.00000E+0Q0 0.02004E+00 0.00COOE+0Q 0.00000E+0C 0.0000QE+DO 0.0Q000E+D0 0., C00000E+DD 9.97413E+00 {.00000E+00
12) 0.00CO0DE+00 0.D0A00E+CD 0.00CO0E+QQ 0.00D00E+00 0.DJ000E+DQ C.00000E+Q0) 0. 00000E+00 9.97156E+00 0.00000E+00Q
13) 0.00000E+Q0 C.0Q00JE+00D 0.0D0OQE+O0 0.000Q0EX0D 0. 0O000E+DO 0.C0000E+00 ¢.C0000E+CD 9.96898E+00 0.000Q0E+00
14) 0.00COQE+00 0. 0D0DOEDD 0_000GOE+DOD Q. 0000QE+0D 0.00000E+R0 0.00000E+00 {.Q0000E+0QQ 5.26640E+0D 0.00000E+0Q
15) 0.00000E+0Q 0.C0000E+0D 0.00000E+DD Q.DCA0QE+00 0.CG0000E+00 0. 0000DE+D0 0. 00000E+0D 9 _9E382E+0D 0.00000E+00

{missing species have zero amounts)

IonicStreng Eh{=]volts TitrVol,ml PR
5.61119E+00 0.000DDE+00 0.00000E+00 5.3205
5.61031E+00 0.00DDDE+Q0 0.10000 5.68451
5.61004E+00 0.00000E+00 0.20000 7.8182
5.61055E+00 0.000C0E+Q0Q 0.30000 8.9187
5.61106E+0D Q.000CGEE+Q0 Q.40000 9.1977
5.61157E+00 Q.0000CE+O0 0.50000 9.3641
5.61208E+0D 0.00C00E+Q0Q 0.60000 §.4821
5.61259E+00 0.COCO0E+O0D 0.70800 %.5733
5,61310E+00 0.00G00E+OD 0.80000 3. 6473
§5.61362E+00 0.00000E+00 0.5%0000 9.7085
5.61413E+00 0.C0C000E+0R 1.0000 9,7631
5.61464E+00 0.0CJ0QE+DD 1.1000 9.8100

11 5.61516E+00 0. GO0000E+DD 1.2000 9.8517
14) 5.61567E+00 0. CO0000E+DD 1.3900 9.8892
15) 5.61613E+00 0, 00Q00E+R0 1.4000 9.9232
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Appendix T: Sample Output File “Np_NaCi_BM.TITRATE"

Appendix T: Sample Output File “Np_NaCl_BM.TITRATE”

! Benchmark TITRATE Problem; Np(V}02 with CO3 in 5.61molal Nall FMT V2.0
2 DATABASE: HMWBA/FWBG; NpiV)-Na-C03-0H-C1-Cl04 (NR94};
* 95.01.31 Am{IIT)-Na-Cl-CQ03-504-p0O4 (FRSREI, PRFI0, PY1,RFFRS2, RFF34, RRFF3 )

w

Titrant Volumes per Grid
0.000000
0.1000DC
0.142510
0.160000
0.180000
0.203090
0.220000
C.240000
C.260000
0.269430
0.412460
C.587800
1.1493800
3.455100

140.0000C0

lock, in milliliters

ERRBRBBREBRBERRARER

Titratjon Results, molal

H2O Na+ R+ Ca++ Yg++ MgOH+ B+ Cl- S04=
1) 1.9292BE+01 5.61057E+DD 0.00D00E+DD 0.00000E+0DD 0. {0000CE+Q0 0.00009E+00 1.21872E-06 5.581096E+80 0.00000E+00
21 1.92%78E+01 5.61014E+DD 0.00000E+DD 0.00000E+00 C.Q0DCGCE+00 {.00000E+0Q0 5.773468-07 5.80993E+00 0.DCGDOOE+OO
3) 1.92993B+01 5.51003E+08 0.00000E+DD 0.000Q0R+Q0 G . Q0000E+O0 . ODDDORHDD 2.58815E-07 5.60950E+00 C.004C0E+00
4) 1.93007E+91 5.61001E+00 0.00000E+0D C.00000E+GD 0, 00000E+00 0.00000E+DD 1.483B1E-07 5.60933E+00 0.CG0000E+00
5) 1.23D17E+Q1 5.61000E+CD 0.C0000E+CE 0.30000E+00 0, 00000E+00 0.000C0E+DD 5.03374E-08 5.60913E+00 0. 00000E+DD
6) 1.93029E+01 5.6100DE+00 0.00000E+00 0. 0Q00DE+00 G .00DCGE+DO Q.00009E+DD 2.51107E-D% 5.60885E+QD 0.00000E+00D
7) 1.33037E+01 5.61000E+00 0,00000E+00 0. 00000E+D0 0.00000E+0D 0.0DCOOE+DD 1.18855E-09 5_.60872E+00 0.00000E+DD
8) 1.93047E+01  5.61000E+00 [.0Q000E+00  0.00000E+00  0.00DOOE+DC  0.0DCOUOE+B0  6.33877E-10 5.60851E+00  G.0OOODE+QT
9) 1.93057E+40% 5.61000E+00 0.0000DE+DD 0.000D0E+00 0.00000E+00 0.00000E+00 41.89995E~10 5.6DE30E+00 0.00000E+00
10} 1.%3072E+0% 5.810DDE+D0 0.00000E+00 0.00000E+D0 0.00000E+DD 0.00000E+00 * 3.42501E-10 5.60800E+00 {.00D0CDE+0Q
11} 1.53133E+01 5.6100DE+Q0 0.00000E+00 0.000CDE+0D {0.0C000E+R0 0.00000E+00 1.52981E-10 5.60673E+00 Q.0C0DDE+JD
12) 1.933221E+QLl 5.61001E+00 0 .00000E+00 0.000C0E+D0Q Q.00000E+CD 0. 09900E+00 8.66956FE-11 5.60491E+00 0. 00C00E+QQ
13) 1.93524E+01 5.61002E+00 0.000DCE+00 0. COROOE+DD 0.D0000E+0D 0, 0QQ00E+Q0 3.682542E-11 5.59866E+D0 0. 0DODROE+00
14F 1.94655E+01 5.61007E+00 0.00000E+0D 0. COGO00E-D0 0.D0000E+GD D.0Q000DE+JQ 1.31074E-11 5.57548E+80 0. 00000E+00
15) 1.97930E+01 5.61035E+00 0.00000E+00 Q. C0000E+DD 0.{000DE+00 D.00000E+00 5.83272E-12 5.5093%9E+00 0.00000E+00
HS04- aB- HCO3 - co3= co2{aql Caro3 (aq) MgCO3 (aqg} E[CH}3 {aq) B(OH) 4-
1} 0.00000E+CO 3_D1l&85E-0F 2.26571E-04 3.09384E-G8 31.86103E-04 0.00000E+C0 0.D0GOOE+OD 0.00000E+00 0.00000E+DD
2) 0.0000DE+Q0Q 6.37029E-09 3.B2212E-04 1.10196E-07 3.08476E-04 0.00DGOE+DD 0.0000QE+QQ 0.00000E+00 0.00000E+0Q0Q
3) 0.00DCDE+CD 1.42122E-0B 5.79854E-04 31.72976E-07 2.09764E-04 0.00000E+00 0.0DCOJE+DD 0.000D0E+00 ¢ .00000E+DD
4)  Q.00000E+00 2.479092-D8 7.064478-04 7.92644E-07 1.46506E-04 Q.00000E+00Q 0.0000QE+0D Q.000C0E+D0 0.00000E+DD
5) 0.0000DE+0D 7.22202E-DB £.74979E-04 2.86004E-06 6.22872E-05 0.00DOOE+DD 0.00C0JE+0D 0.00000E+Q0 0.00000E+G0
&) 0.00DDCE+00 1.26379E-06 9.92658E-04 5.687805E-05 4.03803E-06 0.00000E+00 0.00000E+0D 9.00DDDE+Q0 0. 00000E+00
7  0.00DDCE+Q0 3,09556E-06 $.99205E-04 1.39997E-04 1.65938E-06 0.00000E+00 0.0DDCOOE+OD 0.0000DE+Q0 0.00000E+00
8) 0.00000E+00 5.30zB1E-C6 1.00274E-03 2.40670E~-04 % .72059E-0Q7 Q.0000QE+00 3. 00G00ESTD 0. 0CDOLE+DD 0. 00000E+DD
3} ©.CDOOOE+Q0 7.50984E-06 1.0054€E-03 3.41763E-04 £.88224E-07 0.C00EHID 0. cD300E+DD 0.0CG0ODE+O0 0.C¢0C00E+0D
14}  ©.00000E+00 1,07451E-05 1.00903E-02 4.90734E-04 4.82685E-07 0_00DO0E+DD 0.CDO00E+CD Q.0D0DDE+QQ 0.C000QE+DD
11} ©.0000Q0E+0O0 2.406B1E-05 1.02256E-02 1.1139%E-03 2.18331E-07 0.000J0E+QD 0. C0000E+CD 0.00C00E+0D 0.00C00E+CC
12)  0.DH000E+CO 4.24987E-05 1.04073E-03 2.00200E-03 1.25739E-07 0.C0000E+DD C.CDO00E+0D 0.00000E+00 Q. 00000E+0D
13) 0.D000QE+0D 1.01B68E-04 1.09867E-03 5.06639E-03 5.53395E-C8 0.CO000E+DD 0.0D3DOE+DD Q.00000E+00 4.000Q0E+00D
14} 0.D00000E+CD 2.84255E-04 1.27533E-03 1.64154E-02 2.29199E-08 0. 0DD00E+DD 0. 00000E+00 0.00C00E+00D 4.00000E+DD
15} 0.DJ000E+00 6.55397E-04 1.63010R-03 4.839718-02 1.25492E-CB 0.0DD00E+DD C.00000E+0D 0.00000E+Q0 4.90000E+00
(missing species have zero amounts)
NpO2+ NpO20H (aq) NpO2 (0H) 2~ HpD2C03- NpO2 (CQ3)2=- NpO2(CO3)3==- Am+++ AmCO3+ Am{C0312-
i} 6.1270%E-D4 7.72186E-10 2.04381E-16 1.33526E-07 1.98384E-11 1.25197E-16 0.0000CE+Q0 0.00000E+00 Q.00000E+00
2) 1.7208%E-D4 4.57851E-10 2.55%03E-16 1.33573E-07 T.06677TE-11 1.58546B-15 0.Q000CE+00 C.00000E+0D 0.0D00DE+QD
3} 5.08524E-05 3.01B27E-10 3.76382E-16 1,33531E-0? =2.39199E-10 1.81536E-14 0.00000E+00  ©.00000E+00  O.00000E+00
4} 2.39307E-05 2.47753E-10 5.38926E-16 1.33598E-67 5.08355E-10 §.19789E-14 {4.0000CE+Q0 C.DOd00QE+0D Q.00000E+Q0Q
S5) 6.863303E~D& 2.00045E-10 1.26769E-15 1.33606E-07 1,83431E-Q9 1.06720B-12 {.00000E+00 0. {00000E+DO 0.0DDODE+0D
6} 3.34150E-07 1_763402-10 1.95555E-14 1.33613E~07 3.64151E~Q8 4.20537E-10 0.00000E+00 0. 00000E+00 0.00000E+00
7} 1.35537E-07 1.75190E-10 4.72887E-14 1.33616E-07 8.97771E-08 2.35580E-0% 4.000G0E+00 0. 30000E+DD 0.00000E+Q0
B} 7.88495E-08 1.745798-1¢ 8.12402E-14 1.33620E-07 1.54320E-07 7.55070E-09 01.000C0E+QQ 0.00000E+DQ 0.000D0E+00
%! 5.55313E-04 1.74113E-10 1.14749E-113 1.33624E-07 2.19119E-07 1.,522138-08 0.000C0E+00 0.00000E+DD 0.0DDOOE+DO
101 3.867%4E-08 1.73507E-10 1.63619E-13 1.33630E-07 3.14582E-07 3.1367BE-08 4. 0000DE+Q0 0. 00000E+0] 0.00000E+0Q0
11) 1.704%6E-08 1.71249E-10 3.61B01E-13 1.33654E-07 7.1364DE-07 1.6130BE-07 0. 000COE+QQ 0.00000E+00 0. 0C00OE-OD
12}  9.455D2E-09 1.66316E-10 6_2B103E-11 1.33688E-07 1.28136E-06 5.19497E-07 0. 000DDE+Q0 0.00000E+D0 0.C00DGE+00
13) 3.76315E-09 1.59617E-iD  1.42%22E-12 1.33806E-07  3.23230B-06 3.2936%E-06 0.00000E+00  0.CG0000E+0G  O.0000GE+00
14) 1.17432E-09 1.38078E-10 3.46327E-12 1.34242g-07 1.G3462E-05 3.328T1E-05 0.0000DE+00 0. GOQ0QE+DD 0.0000GE+00
15) 4.11022E-10 1.09291E-10 6_3B9%45p-12 1.35468E-D7 2.%4209E-05 2.58546E-04 0. 00000E+00 0.C0000E+D0 0.00C0D0OE+D0
Am(CO3)3=- Am(OH) 2+ Am({OH) 3 (aqg) Th++4 T2++ NpO2CH (aged)_ NpO2CH{amor] NaNp02CQ3 {s)_ NadNpQZ (CO3}2
1) 0.00000E+D0 0. CGOQ0JE+DD 0.00C00E+DD 0. 0G0Q0E+DQ 0. 00000E+00 0.0000DE+00 0.00000E+00 9.99932E+00 0.C0C0DE+DD
2) 0.000R0E+Q0 0. 00000E+DC 0.DGCOQE+DD 0. 0C0Q0E+00 0.G000DE+00 {.0000DE+QQ Q. Q000DE+00 9.99718E+00 0. 000D0E+DD
3) 0.0DDCOE+Q0 0.00000E+QD 0.0GC00E+DD C.00000E+20 0.CO000DE+00 0. 00000E+00 0.000DDE+00 2.99622E+00 9.0C00DDE+JD
1) 0.000G0E+00 0.00000E+30 0.00000E+QD . QC000E+T0 0.C0000E+00 ©.00000E+00 0.00000E+00 9.99580E+00 Q.0CC00E+DD
5) 0.0DDROE+O0 0. 00000E+G0 0.00090E+DD C, 00000E+G0 0. 000E+00 0.00008E+0Q0 0.90000E+00 9.99531E+00 0.0C000E+QQ
6) 0.0DDOOE+QQ 0. 00000E+00 0. CO00Q0E+GE C.00000E+00 0. 00000E+D0 . Q00DCE+00 0.0000DE+Q0 5.99473E+00 0. 00C0CE+)QD
7y 0.00GGOE+Q0 0.00000E+00 0. C0090E+DD 0. 40000E+H 0.09000E+J0Q ¢.0000CE+00 0.00000E+00 5.99430E+DC Q.000DDE+00
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B) 0.00DDOE+00  0.DOOOOE+00  0.00000E+00  0.000DOE+00  0.000GCE+00  0.00000E+00  0.00DCOE+00  9.99378E+00 0. 000C0E+00
%) 0.0DDDOE+00 0.DOADOE+DD 0.00000E+00 0.00D00E+Q0 0.00000E+00 0.00000E+00 0.00000E+00 9.99326E+00 . 00000E+0D
1¢) 0.0000CE+00 0.DCO00OE+QD 0.00000E+00 0.00DBOE+0O0 0.00GO0E+DD Q.00000E+0D 0.00000E+00D 9.9925DE+00 0.00C00E+0Q0
11) 0.0000CE+00  0.D0O00O0E+GD  Q.000COE+00  O.00COOE+O0  O.0DCOOE+DD  O.0DGOOE+DD O, 0OCOOE+DC  9.98931E+00 O .00000E+00
12) 0.0000CE+00  D.CCOOOE+OD  Q.CQOODOE+00  O_Q0000E+0D  0.DGOO0B+DC  O.DRODOE+DD  O.00000E+00  9.98478E+00  O.00000E+00
13) 0.0000GE+00 0. 00000E+DD 0.00DGOE+00 0. 00000E+00 0_00000E+OC 0._00000E+CT 0. DOQOE+DD 9.96314E+D0 {.00000E+00
14) 0.0000DE+D0D 0.00000E+D0 0.00DOOE+GD O, CDC0OE+QD 0. 00000E+00 0.00000E+G0 0. 00000E+DD 9.91117E+00 0.Q0000E+G0
15) 0.00000E+Q0 0.G0000E+DE 0.00GOJE+DD 0. D0000E+0G 0.G0000E+{}0 0. G0000E+00 0. 0000DE+GD 9.74696E+00 0.00000E+00

{missing species have zerc amounts)

IcnicStreng Ehi{=]Volts TitrvVol,ml pH
1) 5.61119E+00 0.00000E+Q0 0.000DGE+Q0 5.3205
2} 5.61031E+00 0.00000E+00 {4.10000 5.6451
3} 5.61008E+00 {.0DDEDE+QD 0.14251 5.8936
4} 5.610038+00 0.00000E+O0 0.16000 65.2353
5} 5.61001E+D0 0.00000E+00 0.18000 5.6996
6) 5.61006E+D0 Q.00CO0E+OD 0.20309 7.9427
T 5.61014E+00 0.00000E+0D 0.22000 8.3317
8} 5.61024E+00 0.0C000E+0C 0.240490 8.5655
9) 5.61034E+00 0.00000E+DC 0.268000 B.7166
i 5.6104%E+00 0. CO000E+D] 0.26943 8.8722
11) 5.61112E+00 0. 00000E+D0 D.41246 9,2225
12) 5.61Z02E+00 0. G0Q00E+0D0 0.58780 9.46595
13) 5.61513E+00 0. 009Q0E+0D 1.1938 9.8493
14) 5.626B5E+00 0. 00000E+0 3.4551 10.29%5
15) 5.66143E+00 ¢.00000E+00 10.9000 10.659
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Appendix U: Sample Output File “Np_NaCl BM_LOG.MOLES”

t  Benchmark TITRATE Problem, LOG10 option; Np(v)02 with €03 in 5.61lmolal NaCl FMT V2.0
% DATRAASE: HMW84/FWHG; Np{V}-Na-CO3-OH-C1-Cl04 (MR94);
> 95.01.31 Am({ITTI)-Na-C1-C0O3-504-F04 (FRSRB9,FRFI0,PI1,RFFRI2, RFFI4, BREFIL)

INITIAL and INJECTED Abundances BEFORE Flashing

Bydrogen 1.1101736300E+02 1.1101836300E+02
K Oxygen 6.150BE81500E+01 1.05508682C0E+02
# Sodium 5.6100000000E+00 1.5510000000E+02

Potassiom 0.000RHIO000E+0Q 0.00000000C0E+Q0

Magnesium 0 .00DGGA0000E+DD 0.0000400000E+00

Calcium 0.0D0C0Q000DE+DD Q.0000600000E+00

Chlerine 1.6100000000E+00 5.6110000000E+00

SulEur 0. 00¢0000000E+D0 0.000C000C00E+DDG

Carbon Z._DDO0JODI0RE+DD 1.00DC0000R0E+DL

PosIon 0. 0G000000D0OE+00 0.0000000000E+0Q

NegIon 0., 0G0J0000CIE+OD 0.00G0000000E+00

Air 0.C0QQ0000G0E+QD 0.DCC09000I0E+DD

Boron 0.C000000DBA0E+OD 0. 0000000000E+00

Bromine 0. 0000000C00E+0D 0.0000000G00E+00

TracerEl 0. 00000000 00E+00 0. 0000000D000E+GD

Th{IVv) 0.000000C000F+00 0, 0000000000E+CD

AmM{III) 0.000000C000E+DG 0, 000000 000E+00

vivi) 0.0006000000E+D0 0.00Q0G00000E+00

Hp (V) 0.00C0000000E+00 1.0000000000E+01

Clo4- (EL} 0.00C0000Q00E+R0 4.0000030000E+00

Phosphorus 0.0000000000E+00 1.000C000000E+00

Electron 0.0000G00000E+00 0.0000000000E+0C

Charge -2.2204460500E-15 -2.3731663200E-15

INITIAL and INJECTED Abundances AFTER Flashing

Hydrogen 1.1101736300E+02 1.1101836300E+02
Ooygen €.1508681520E+01 1.0550868150E+02
Sedium 5.6100000C00E+0O0D 1.56100000C¢0E+01
Potagsium 0.0000000000E+0C 0.00400000000E+00
Magnesium 0, 0000000000E-O0 0. 044000C000E+DY
Calcium C.0400000030E+0C 0. 0000006000E+00
Chlorine 1.61000000Q0E+00D 5.6110000000F+00
Sulfur 0.0000000000E+0D 0. 1J30000000E+00
Carbon 2.00000G0100E+C0 1.9000000400E+81
PosIon 0.00000C0000E+CD C.0000000000E+00
NegIon 0.0000000800E+0D C.0000000000E+00
Alr 0.0000000000E+0CD 0.40000G0DO00E+TD
Boron .0000C00000E+CD) 0. 00000C0000E+Q0
Bromine 4.0000GDOQA0E+GD 0,9000000000E+00
TracerEl 4.0000G00000E+0BD 0.0000000000E+00
Th{IV) d.000C000000E+00 0, 0000C00000E+00
Am{IITI) 0.000C000000E+00 0,00Q0000000E+00
v 0.0000000000E+DO 0.0000C00000E+Q0
Hp (V) 0.,0000H)30000E+00 1.0000000000E+01
Clo4- (EL} 0.00C000000CE+DD 4.0000003000E+00
Phosphorus 0.0000000000E+C0 ©.,9000000000E+Q0
Electron 4.0000300000E+CD {.0000000000E+00
Charge -2.,2Z2044604%23E-15 -2.373166319DE-15

INITIAL and INJECTED Concs AFTER Flashing, molal

H2D WATER 5.5502535E+01 5.5509068E+01
Na+ Na+ 5.610CG000E+00 5.6106128E+00
K+ K+ Q.0DDGOOGOE+0Q 0.00000GOE+0D
Ca++ Ca++ O.000C000E+00 0O.G000DCOE+D0Q
Mg++ Mg++ O.0000000E+00 0. (HOODZAE+DD
MgOH+ MgOH+ 0.000G000E+00 0. (00000G0E+DD
H+ H+ 2.3%32707E-12 1.2187250E-D6
Cl- Cl- 1.610000CE+90 5.6110000E+00

= sod= 0.000000CE+Q0 0.0000D00E+CD
H504- HS(Q4- 0.0CCO00CE+Q) 0, 00000COE«OD
OH- OH- ©.14E66486E-03 3.0163704E-D%
HCO3- HCO3- 6.14666319E-03 2.2657297E-D4
CO3= €03= 1.9338533E+00 3.09318611E-08
CO2 {ag) C02(eg) 2.36B4969E-09 3.8510605E-04
Cacol{aq) CaC03 {ag) 0.0000000E+00 0.0000DHOE+DD
MgCO3 {ag) MgCo3 {ag) 0.0C0000CE+Q0 0, 0900000E+00C
B(OH)3{aq) B(OH)3 {ag) 0.000000CE+Q0 ©D.000CDOJE+DD
B(OH)4- B{OH}4- 0.0000900E+Q0 0.0000000E+DD
B303 (0H) 4~ B303{CH|4~- 0.0CC000CGE+Q0 0.00000G00E+~0D
B405 (0H) 4= B4OS {OH} 4= 0.000000CE+00 0.000DC00E+DD
CaB(CH] 4+ CaB{OH| 4+ 0.00G0000E+00 ©.000D0DOOE+DG
MgB{CH) 4+ MgB{OH|4+ 0.000000CE+Q0 0, 0000000E+0Q
Br- Br- U.00000CGOE+0C D.00CD000E+0D
Clo4- pearchlorate Clod- 0, 0000000E+00 0.00CCOQ0E+DD
NaOH{aqg) ......to.titrate base.only 0.D3CO0000E+QC ©.0000D00E+D{
HCl{ag)l.......to.titrate.acid.only O.D0CG00DOE+00 0.0000000E+00
HC1Od{aq)..... to.titrate.acid.only O0.0000000E+00 O.000D000E+D0
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POBIOM. .. .ccun v vnmnsus POSITIVE.ION D.0J0000DOE+0D 0.0000000E+00
Neglom. ... .. ....,.x... NEGATIVE.ION ¢.0000000E+00 .0000000E+00
PosLen(OH) (ag) - - ... to.kitrate,base (.0000DGOE+DE 0.0000000E+00
HNegIonlaqg)...... .- to.titrate.acid ©€.0000000E+00 0.DZA000DE+O0
Tracer{aq}..... conservative.tragcer 0.0000000E+CD 0.00000DCE+OD
HIPO4 [ag) HiPGd\ag) 0.0000000E+00 O.0000000R+OD
H2PO4~ HZPO4- 0O.CO0DDOQ0E+00  0,0000000E+00
HPO4= HPO4= 0.C0000Q0E+00 0.0Q0CDQ0E+CD
BO4=— PO4=- 0.0000000E+00 D.000DDOOR+0D
NpO2+ NpQZ+  0.0000000E~00 6.1270920E-04
NpO20H{acg) NpO20H({ag) 0.0000000E+0C 7.7219130E-10
Np0o2 {OB) 2~ NpCO2{0B)2- ©,00000008+00 2,0430298E-16
NpC2C03- NpQO2CO3-  ©.000Q000E+00 1.3352733E-07
NpO2(C03) 2=- NpO2 (CQ3)2=-  ©.0000000E+C0  1.9838516E-11
Np02 (CO3) 3mm- NpO2 (C03)3==~ 0,0000000E+GD 1.2519757E-16
B+ + Bm+++  (,0000000E+00  O.CDQO0DOCE+QO
AmCO34 AmCC3+  0,0000000E+0¢ O.CO000D0OE+00
Am(CO3)2- AmM{CO3)2- 0.000CDDOE+D) O.0000000B+00
AR{CO3)3=— Am{C0O3)3=- {.000C000E+D0 0.0C00000E+00
Am(OH) 2+ Am(CH}2+ 0.0000000E+00 0.00000C0E+00
Am(OH) 2 {ag} Am(OH)3 (agl {.0000000E+00 0O, D00OCDOE+OD
Th++++ Th++++ (.000DCGO00E+B0 0. 0000000E+00
VO2++ U{VI}O2++ 0,0000000E+00 ©.00000COE+O0

NpO20H (aged) MNpO2CH (aged) 0.00000Q0F+00 ©.CO0DOCOE+OD
NpO20H (amox ) NpO20K [amor)  0.0DDOO00E+00 0. 0Q00DCOE+DD
NaMpOZCOo3 (8) NaNpO2CC3({s) 0.000000CE+00 $.9993872E+00
Na3Mp02 (C0O3)2 (=) _DISABLED DISABLED 0O.DGGOO0CE+O0 §,0000CD0E+00
AmOHCO3 (<) AMOHCO3 (<) 0,00000008+00 §.00DLOJ0E+DO
An{QHI3(s)___ Am(OH|3(s) 0,0000000E+00 (.000C000E+CO
NaAm{CO3)2.6HZO(C) o ot 0.0000000E+00  0.000Q000E+00
2mP04 (c) AMPO4 (¢} 0. 00000DEE+00  0.0000900E+00
CasOd__  Anhydrite 0.0000000E+0C 0.00Q0000E+00
NaK3 (S04)2__pphthitalite/Glaserite 0.0000000E+0 0.0000000E+00
CaCl2.6H20___ Antarcticite ©.00000C0E+DC 0.00C000DE+00
Caco3 Aragonite (,00000DCOE+0C O.00CO0DDE+A0
2504 Arcanite ©,00000C0E+0C 0.0000000E+00
WgCl2.6M20____ .. . . Bischofite 0.0000000E+D0 O.DDOOODHE+00
NaZMg(S04)2 4H20_______Eloedite 0.00C0000E+00 O.0000CDOE+OC
Mg(OH)2__, ~~  Brucite 0.0000000E+00 0.0000000E+00

Na6Co3 {5042 Burkeite 0.0000000E+00 C.000C000E+0D0
Cacos3 Calcite 0.0000000E+00 C.Q00COG0E+CD
CaCl2.4H20 £aCl2_Tetrahydrite 0.00000008+00 0.000C000E+CD

CadCl2{0H) 6.13H20__CaOxychloride A 0.CDDO0QOE+00 0.Q0Q00G0Q0E+00
Ca2Cl2(0K)2.H20____ Calxychleride B 0.0000000E+00C 0.0000000E+00

KMgCl3.6H20_  Carnallite 0.0000000E+00 0.000D0Q0E+DQ
MgSG4 . TH2O Epgomite 0.0000000E+00 &.000D000E+D0
CaNaZ(CO3)2.5H20____ Gaylussite 0, 0300000E+0C 0.0C00000E+Q0
NaZCa{504)2 Glauberite 0©.000000DE+0C O.Q000000E+00
CasOd.2H20__  Gypsum 0.000000DE+0DC Q.0CODO00CE+30
NaCl, Halite O0.00000GOE+CD 0.0GDCOODE+00

MgSO4.6H2O_____ Hexahydrite 0.0000000E+00 0.0CO0000E+00
TMQCLSO4.3H20,__  Fainite 0.00D0ODOEOD  0,0000000E+DD
KHCO3 ¥alicinite 0.0000000E+00 0.00DOOQCE+00
MgSC4.H20____ _ Kieserite 0.0000000E+00 0.0000000E+00
F2Mg{504)2.4H20 Leonite 0.0000000E+DD 0.00C0000E+0Q
NadCa(504)3.2M20______ _Labile_Salt 0.0000000E+00 0.0000000E+00
MgCO3__  magnesite 0,0000000E+00 0.00C000BE+00
MQ2CL{0H)3 . 4H20 MgOxychlozide 0©.0000000E+0C 0.0000000E+00
KHSO4____  _ ___ Mercallite 0.0000DDOE+DT  O.0000000E+00
Na2sOd . 10H20___________ Mirabilite ©,Q000000E+DCG Q.0D000DDE+J0
KEHG (S04} 7 Misenite 0.00000COE+0G Q.0000000E+00
NaHCOo3 Nahtolite ©.0000DOQE+D0  0.0000000E+Q0
Na2CO3.10H20_______ = = Natron O0,0000000E+DC O.DZ000ODE+Q0
MglO3.3H20___ Nesquehonite 0.0000D000E+00 O.0G000DCE+00
KZMg (504} 2.6H20 Picromerite/Schecen 0.0000000E+00 0.00000DCE+00
Wa2CafCC3|2.2H2Q_____ Pirssonite 0.0000COQE+C0 0O.0000000E+Q0
K2MgCaZ2 (S504)4.2H20_______Polyhalite 0.0000000E+G0 0.C0000DRE+OD
Ca(OH})2_____ Portlandite 0.00DDO00E+00 0.0000COOE+DD
K2C03.3/2H20 _ Potassium Carbonate 0.00CDJ00E+00 ©.00Q0C00E+Q0
KBH4{CO3}6.3H20___K-Sequicarbonate 0.0000000E+Q0 ©.{J000DDOE+OC
KNaC0o3 6H20____ . K-Ma-Carbonate 0.0000000E+00 ©.{000C00E+0D
KINaH{C03)2,2H2¢0___ Potassium Trona 0.0000000E+0Q0 0, 0000000E+00
K3H(S04)2__ Sesquipctassium_Sulfate 0.0000000E+400 ©.J3000000E+D0
Na3H(504)12____ Sesquisodivm_Sulfate O.0000000E+00 ©.000000QE+0D
Na2C03.7820 Ha2C0O3-Heptahydrate 0.0000000E+00 C,Q000000E+CD
KC1, Sylvite 0.0000000E+00 0©.300000QE+0D
K2Ca{sQ412.H20____ _ _ . Syngenite 0.0000000E+00 C.00000OQE+00
Mg2CaCle. 12H20, Tachyhydrite 0.0008000E+00 G.JQ000Q0E+Q0
Na2s0d___ =~ Thenardite 0.C000000E+00 C.O000CD0OER+CO
Na2C03 .H20, Thermonatrite 0.00000008+00 C.0000000E+CD
Na3H{C03)2.2H20 Trona O0.COD00000E+00 0.00000Q0E+00D
Na2B407 ,10H20_______ Borax 0.0000000E+00 0©.J00DDOOE+CD
BIOHID EBorix Acid S¢013d  0.0000000E+00 ©.00000Q0E+00
KBS08.4HZ0, K-Pentaborate_[30_C) O.0DDCOQOR+00 0.0000000E+0D
K2B407 .4H20___K-Tetraborate_i{30_C) 0.00DCOOOE+00 ©.00000COE+QD
HaBO2 . 4H20, Sodium Metaporate {.0000000E+00 0.(ODDGOE+OD
NaB508& . 5H20, Sodium_Pentaborate 0.000D3IQ0E+00 0, 0000000E+0Q
NaBO2 .NaCl.2H20__ Teepleite_i20_C) 0.0CDC0OOOCE+00 0.0000000E+0D
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t$  SET noverify
251 SET verify

EX-4] FMT_FMTC.COM assigns and fetches user-aelected
-y chemdat and rhomin data base file names,

L&) assign user-specified input/output file names,
-] executes fmt2pl in CMS 1996 nonPA (Performance
- Asssessment! productiocn area

Author: ¥X. M. Aragon
Date: 11/17/95

Modifier: 5. €. Babb
Date: 12/13/95

Modifier: 5. {. Babb

Date: 12/18/95

Reason: use fmt executable in production area
print identity of fmt executable
add log file and mail facility
decided not to use mail facility

Modifier: 5. C. Babb

Date: 12721795

Reason! neme of frat executable changed to prefix
*fmt_" Full name is fmt_fmt2pl_pa%6.exe

"'."s!'f”ilkkt"ﬁnnnantﬁﬁkiwwwffﬁii'ﬁtt"tﬂ*R"'!l’ft'ﬂ**ﬁ*iiﬁikti'*t‘**iﬁiiﬁ*i*'ﬁ‘l*wl
2% ! INFUTS:

IS4

dsl Fl - Substring chemdat file name search on valance states, dates,

and/or fugacity

F2 - Subgtring rhomin file name search on valance states and/or dates
P3 - Input File Nam= {no extension)

L e TP EEE -

%!

ON error then gotc error_exit
2% mede = fSmode()

44 ! Logic flow

GOSUR check_filename
GOSUR define_cms_library
COBUE delete files

GOSUB get_database_files
GOSUB define_inputs
G0SUR define_outputs
GDSUB start_log

GOSUB start_mail

GOSIIB run_fmk

GOSUB undefine_symbols
goto terminate

EXIT

%’9
’
%

5! Determine if any or all file names are passed as parameters. If not,
! prompt for one if this is an interactive session;
! otherwise flag an error and exit

Check for P1 - this is the CHEMDAT name field

IF mode .eqgs. "BATCH" .and. pl .egs. **

‘THEM
WRITE sys$output -
“Can not run in katch without a chemdat file name (Pi}. exiting.®
GOTO error_exit

ENDIF

IF pl .egs. "*
THEN
INQUIRE chemdat_name -
‘Enter chemdakb file name to search on*
IF chemdat_name .egs. "* THEN goto errar exit

£

#$ ELSE
38 chemdak_namg = pl
ENDIF

Check for P2 - this is the RHOMIN name field

#£ % IF mode .egs. "BATCH" .and. p2 .egs. “*
¥55 THEN
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WRITE sysSoutput -
“Can not run in batch without a rhomin file name (F2)
GO0 error_exit

ENDIF

IF p2 .egs. **
THEN
INQUIRE rhomin_name -
"Enter rhomin file name tc search on*
IF rhomin_pame ,eqgs. "" THEN goto error_axit
ELSE

rhomin_name = p2
ENDIF
Check far P3 - this ja the file name field
IF mode .egs. “BATCH* .and. p3 .egs. ""
THEN
WRITE sys$output -

GOTO errcor_exit

IF p3 .egs. **

IF file name .egs. "" THEN goto errar_sexit

ELSE
file_name = pl
ENDIF
RETURN
- P - e

. exiting. "

“Can not yun in batch without a £ile name {P3). exiting.®

INQUIRE file name "Enter input file name (without .extension)’

i SDEFINE_CMS_LIBRARY:
*&! Define non-pa cms symbols and peint to #mt library

! Set CMS library to FMT

¢cms_library name = “Emt*
lib'oms=_library name
g8t verify

+ $DEFINE_INFUTS:
% 5! pefine the input files needed.
7 g

DEFINE input 'file_name'.in
DEFINE inguess 'Eile_name'.inguess

CEFINE chemdat 'chemdat_name'
DEFINE rhomin ‘'rhomin_name'

! Define a logical that points to the datsbase files just fetched

EFINE_OUTPUTES:
! pefine the cutput files needed.

DEFINE output 'file name’ . out
DEFINE for088 ‘file_name'.for0§8
DEFINE titrate 'file_name'.titrate
DEFINE moles 'file _name' moles

*% SDELETE_FILES:
532 51
) $! Tern off warning messages for no files to delete

SET noon
SET message/nofac/nesev/notext/noid

DELETE 'file_name'.moles;™
! Pelete all fmt prefixed files of chemdat and rhomin files

DELETE fmt_*.chemdat;:~*
DELETE fmt_*.rhomin;*

SET message/fac/sev/texc/id
SET con

! Delete all ‘file pame’' .moles files; d¢ not accurmlate them.
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5! Exik routine when a severe error ie encountered

$!

Write sys$output "Executing error exit, ''Sstatus'.*
EXIT

$GET_DATABASE_FILES:
$!

IF mode .nes. "BATCH*
THEN
cse “*''chemdat_name**. chemdat”

INQUIRE chemdat_name *Select CHEMDAT name from list abowve®
ENDIF

! Fetch chemdat from FMT (MS
qet nowerify
cfe 'chemdat name’
set verify
If interactive allow user to select/pick from a list of rhomin file names
I¥ mode .nes. "BATCH"
‘THEN
cse "*'‘'rhomin_name'*.rhomin®

THOUIRE rhomin_neame “Select BMOMIN name from list above™
ENDIF

Fetch chemdat from FMT CHMS
set noverify

cfe 'rhomin_name'
set verify

Vr A A A AN D

define /nolog exe_dir wp$nonpa_prodroot: [fmt . exe)
SEECE] fmt2p0 == *Sexe_dir:fmt_fmt2p0_pa56.exa"

Gg
$! Fun the utility that shows image information from the exe. [mandatory!)
$! This is part of the documentation reguired while doing a calculation.
GwpSref:wp_get_image_id.com exe_dir: fmt_frtlpd_pads.exe
! Run the code

Emt2pl

féovtime{ " ‘£4time() ', "absolute*, “month”* )

== fScvtime("''£f$time(}'", "comparison®, “day" )
feevtime{" 'fitime(}' ", *absolute*’, *hour" )

== f£govtime (' ' fitime()'", "absclute’, *minute" )

a
"

log_£file name :== "''file pame'_‘'month’''day’'_'‘'hour'''min’'.log*
mike williamson's loy file definitiom:
*sys$login: fmt_' 'file_name'_‘'month'’'‘day’'_''hour’' ' 'min’' log"

DEFINE/proc sysSoutput 'log_file name

mail_error_flag = )

mail_f£ile_name "sysSLogin; fmt_mail .msg*"
mail_subject *FMT ''file_name' run.*
mail_liast == fSgetjpil **, “username")

OPEN/write mail _file 'mail_file_name

RETURM

AN D G T L O

S!

% §! If there was no previously flagged error or problem, se=arch the log files
£! for any fatal, error, or warning messages.

! Deassign sys$output so the "log" £ile closes.
deassign sysSoutput

Show the run output kLo the user
TYPE ‘log_file name
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47 %4 Bxip sending the mail message
5% goto end _terminate
X1
! If there was not a previous error recoyxded, search the log file for
$! commen error indicators.
search_status = 0
IF mail_error_flag .ne. 1
THEN
Turn off informatjonal messages from search command
SET message/nofac/nosev/notext/moid
EEAPCH 'log_file_name *-F-*,"-BE-*,%-W-* ;} match-or
smarch_status = Sstatus
TUTR CN Messages
SET message/fac/sev/text/id
FNDIF

IF search status .eq. 1 .or. mail error_flag .eg. 1

THEM
WRITE mail_file <The run log contains an error or warning, *
WRITE mail_file ‘"Please examine ‘‘log_file_name'."

mail_subject == "''majl_subject’' ERROR"
ELSE

WRITE mail file *The FMT run has completed.®
ENDIF

CLOSE/nolog mail_f£ile
MAIL/subject=""''m2il_subject'* ‘mail_file_name 'mail_list

» SUNDEFINE_SYMBOLS :
5! Deassign imput files
5!

DEASSIGN imput
DEASSIGN inguess
DERSSIGN c¢herndat
DEASSIGN rhomin
DEASSIGN output
DERSSIGN forl8%
DEASSIGN tikrate
DERSSIGN moles

Lr 47 0 U Y 0 @ A

RETURN

! CMS REPLARCEMENT HISTORY, Element FMT_FMTC.COM

o2 21-DEC-15%35 12:58:57 SCBABB “FMT EXECUTABLE NAME CHANGED®

I o*1 19-DEC-1995 12:26:54 SCBABB "USER COMMAND FILE FOR EXECUTING FMT_FMTZPD FROM CMS*®
! CMS REPLACEMENT HISTQRY, El=ment FMT_FMTC.COM

]
$!
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Appendix W: Review Forms

This Appendix contains the review forms for the FMT User’s Manual.



