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Abstract

FMT is a FORTRAN computer code used to solve the systems of equations associated with
the calculation of chemical equilibrium in geochemical systems at 25°C. FMT uses aqueous
thermodynamics coupled with the Pitzer activity coefficient formalism to calculate equilibrium in
highly concentrated electrolyte systems. The data base supplied with the code covers the
chemical system Na-K-Mg-Ca-H-Cl-SO4-OH-HCO;-CO;-CO,-B-H,0 augmented to include
Am(III), Pu(Ill), Nd(IIT), Th(IV), and Np(V). The data base is internally consistent and has
provided reliable independent predictions of dissolved actinide concentrations under wide ranges
of conditions. '

Recent development of FMT has been sponsored by the Waste Isolation Pilot Plant (WIPP).
This document is intended to serve two purposes: to provide an introduction on the capabilities
and use of FMT, and to satisfy quality assurance requirements for the WIPP Project.
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1.0 INTRODUCTION

This User’s Manual is intended to serve two purposes: to allow an interested user to learn
what FMT does and to satisfy quality assurance requirements for the project that helped support
the development of FMT. We have attempted to write this document so that persons not
associated with the project can skip project-specific sections without skipping essential
information about FMT.

The FMT program calculates chemical equilibrium in geochemical systems using aqueous
thermodynamics and the Pitzer activity coefficient formalism (Pitzer, 1991). The name FMT
derives from previous versions of the code used for fracture-matrix transport calculations, which
are not supported in the release of FMT Version 2.3.

FMT computes the molal concentrations (moles of solute per kilogram of water solvent) of
chemical species using the activity coefficient formalism of Pitzer (1991) as parameterized and
reported for the sea water and evaporite system in Harvie et al. (1984) and Felmy and Weare
(1986). For simplicity, this data base is referred to as the Harvie-Mgller-Weare or HMW data
base. '

The Waste Isolation Pilot Plant (WIPP) application of the thermodynamic model involves
predicting the solubility of actinides in the concentrated electrolyte solutions (brines) that occur
at and around the WIPP site. To this end, the WIPP Project has measured the solubility and
speciation behavior of several actinides in various oxidation states as a function of NaCl, MgCl,,
Na,CO,, NaHCQO,, K,CO,, KClI, and other more complex ionic systems. These data have been
used to develop thermodynamic parameters consistent with those of the HMW data base. The
FMT code is used by the WIPP Project to calculate actinide solubilities in concentrated
electrolytes to support performance assessment of the WIPP.

The majority of the example problems in this User’s Manual employ an early version of the
thermodynamic data base that contained few actinide data. The actinide data base has been much
expanded since this document was developed. Thus, the chemical calculations in the examples
must be considered illustrative of FMT use only. Appendix V contains a memorandum
documenting the most current release of the actinide thermodynamic data base with all data
sources. Appendix W contains a listing of the most current release of the data base, called
HMW_Am3Pu3Th4Np5_960823.CHEMDAT, and Appendix X contains a listing of the most
current release of the data base, called HMW_Am3Pu3Th4Np5_960823.RHOMIN.
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FMT calculates equilibrium on a closed system with fixed total element abundances. Water
must be present and solid phases might or might not be present, depending on the particular
chemical conditions. There are two modes of running FMT, one for single and one for multiple
equilibrium problems. The single equilibrium problem, called a batch or flash problem,
equilibrates one set of chemical abundances. The multiple equilibrium problem, called a titration
problem, equilibrates two input solutions and then adds one solution to the other in user-specified

volume increments to simulate a chemical titration.

FMT was intended to be used to support the WIPP performance assessment (PA) by
generating tables of solubilities for actinides in the +III, +IV, +V, and +VI oxidation states, as a
function of the relevant dominant variables influencing actinide solubilities in the WIPP system.
These tables were to have been converted into equations to be used as input to the WIPP
performance assessment codes, PANEL and NUTS, to provide a means of evaluating the
solubility of actinides as a function of variables such as CO,(g) 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 WIPP performance
assessment calculations. As such, it describes the pul;posc and function of the code, user
interaction with the code, and the equation and numerical methods employed by the code.
Example of user-accessible input files, output files, and screen displays are appended to this
manual.
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1.1 Software Identifier

Code Name: FMT

WIPP Prefix: FMT_

Version Number: 2.3 04/01/97

Platforms: FORTRAN 77 for OpenVMS AXP, versions 6.1, on DEC Alpha;
Macintosh Power Book 5300CS,
Mac/OS 7.5.3 updated to Revision 2

1.2 Points of Contact
1.2.1 Code Sponsor

Sandra C. Babb

Sandia National Laboratories
Albuquerque, NM 87185-0660

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) 848-0881
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2.0 FUNCTIONAL REQUIREMENTS

R.1

R.2

R.3

R.4

R.5

R.6

R.7

R.8

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

FMT calculates chemical equilibrium using aqueous thermodynamics. It is based on the
Harvie-Mgller-Weare (HMW) data base augmented with radioactive elements.

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

FMT supports calculations for highly charged aqueous species such as carbonate
complexes with Americium (III), Thorium(IV), and Neptunium (V).

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

The “titrate” mode shall support explicit specification, i.e., adding user-specified volume
for each titration increment.

The “titrate” mode shall support linear increments, i.e., adding a constant volume for each
titration increment.

The “titrate” mode shall support logarithmic increments, i.e., adding a logarithmically
increasing volume for each titration.




FMT, Version 2.3 WPO # 43037
User's Manual, Version 2.3 January 9, 1997
Page 13

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
. experience in evaluating the plausibility of solid phases with respect to the particular
chemical system

. 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 derivatives
. linear algebra (through senior undergraduate level)

. numerical methods (graduate or senior level undergraduate level).
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4.0 DESCRIPTION OF THE MODELS AND METHOD

4.1 Mathematical Model and Numerical Methods

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

If the Gibbs free-energy function G is viewed as a function of the reaction-extent variables g,
then the chemical equilibrium problem is that of minimizing G(§ ); i.e.,

%G 0
% M
Equation 1 is equivalent to the classical chemical formulation of the equilibrium conditions

AG = NT,](E,)= 0, )

where

NT = the complete, transposed stoichiometric matrix: the (N X R) matrix whose columns
are the R stoichiometric vectors; that is, N = (V},Va,-- Vg ); entry (j) of Nis V;;, and

B = chemical-potential vector with entries H;.

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

3G (m)
(m) =] — = -—QG(m)
= [a“vJ d

B R BT
i=1 3)
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where
= iteration index,
Vij = stoichiometric coefficient of species i in stoichiometric vector (equation) j,
N’ = number of species excluding inert species,
Ki = chemical potential of species i, and
R = maximum number of linearly independent chemical equations.
The mole numbers are adjusted by means of
(m) . (m)
m) _ m), :_
Sn{™ =Y v, 8™, i=12,.N’
= C))

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 Equation 2, which yields

902G G
e {2
| ag n(m) aé (m) (5)

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 reduce the computational effort involved in the solution of the linear equations.
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1 =
The VQS algorithm begins with Equation 5, the Hessian matrix (BZG/ &_,2) for which, in the
case of a single ideal phase, can be expressed as

?G _ 3 [x
St

1 ;
‘RTE Z"h"u[ “I} j=12..R, ©)

k=1 El

where

R = the gas constant, 8.3143 J mole” K,

T = absolute temperature (K)

8}y = the Kronecker delta function; 8y = 1,if k=1; 8y =0, if k # |,
N, = number of moles of species _k, and

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

azG J-lg( 1 +i\)_§i—_ﬁj—la
agfagj Mism k=1 e Ty : 0

where V; is the sum of the stmch:omelnc coefficients in stoichiometric equation i; i.e.

it

k=1

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

-1
M \,2 ;g AG™ _
(m)__ s 3
&;" = n(m) "'2; (m) RT J—l.?.....R.
jom k=T ®
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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 charge balance can be shown to be a
linear combination of the individual material balances.

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 internally consistent data base described t3y Harvie et al. (1984) and Felmy and
Weare (1986) as the basis for modeling chemical nonidealities. These references provide
extensive detail about the version of the 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 set of mathematical equations for calculating
activity coefficients for aqueous species, and is valid from dilute systems through the
concentrated brines observed at the WIPP Site. The theoretical and historical development of
this formalism can be traced though Pitzer (1991), and references therein.

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

The activities of the species a; can be defined by the following equation:

9G =, =pu +RTIng, (A.1a%)
ani T.P.n

where 1Y = the standard chemical potential for species i. Activity is defined for each solute

species i by

* Equation numbering scheme in Felmy and Weare (1986) is duplicated for this discussion.
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a; =7;m; (A.1b)
and, for the solvent, by
-W
Inay {Z m } ¢
20 i
100 (A.1c)

where

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

W = the molecular weight of wat:ler,

Em,- = the sum over all solutes (cations, anions, and neutral species), and
i

¢ = 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, fj, is defined as follows:

0
BBy
RT RT (A.1d)

The remaining variables lacking explicit definition are the excess functions y; 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 = jonic 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.)
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(¢-1)[;:i]=-1f;ﬁ +3, Zm m, (B +2C, )+, Y mm, (4” tXm, wm)

c c <¢

+2, 2 m,m, [‘I" +ch\|!m}+z > mymcA,

a <a

+§ g‘mumalm+zn: ; gm“mcmac

(A.2a)
Iny,, =2 F+ Zm (2BMa+ZCMa)+Zm [2¢Mc+2m \pMcaJ
+Z Z{m “paa M+IZ'MIZ ch a ca+zm (21'11!&1 )"’Z zmnmacnaM A 2b)
Inyy =z F+ Zm (2Bx,_. +2ZCy,) +Z m [2(1),“, + Z mcwxmj
+Z ch c‘l"ch"'IZXlz ch ca'{'znlnzknx)"'z mect;ncx
g < (A.2c)
ln'YN=ch(2ch)+zma(2?"Na)+z chmacha
c a c a (A.2d)
1/2
F= - A° : — st In(l+bl”"))+22m m,B,,
+ bl (A.2¢)

* z e chmc"bcc'z = Emama aa
c ¢’ a a'
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ct
ZnmZy (2b)
Z=7Y lajm;
J (2¢)

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

AT

————+Bi],
1+ Ba/1

ln'y,-DH =—

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 +Blke 1 + pfeor (3a)

B,y =B + B%g(a.ﬁ)"' B%S(‘x‘lﬁ) (3b)

Bl = Bk Mw&&g—(“l—@
(3¢)

The functions g and g’ are defined by

g(x)=2 (] a. +2x) i3 ) (4a)

X
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2
[1—(1+x+x—}"
1. 2
g'(x)==2 3
* (4b)

with x = 0;vT or = &,vI. When either cation M or anion X is univalent, &t; = 2.0 and @5 = 12.
For 2 - 2 pairs, 0} = 1.4 and O, = 12. For all electrolyes, b= 1.2. For 2 - 3 and higher pairs, .,
= 1.4 and 0, = 50. The dimensions of @, and @, are kg¥mole™®. The virial coefficients, @,

which depend upon ionic strength, are given the following form:

@4 =0,,+6,1) +1°6/,0) (5a)
(:)'}_ =e;:;‘+£9ija) (Sb)
@;="6;1) (5¢)

The functions =0 ;@) and Ee;}.a) are functions only of ionic strength and the electrolyte pair
type. |

The activity coefficient parameters, A, and C;, representing the interactions between

ni

neutral species and ions, are taken to be constant. The third virial coefficients, C&x and Vi,

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:

; B&",?( , B(,Qx , B%( , and C, for each cation-anion pair
o eij for each cation-cation and anion-anion pair

. Y for each cation-cation-anion and anion-anion-cation triplet
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* A, and §y; 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 7.3.3, Appendices I and J).

4.3 Inclusion of Pitzer Activity Coefficients

The activity coefficients are inciuded 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:

(T, P,x)= (T, P) + RTIny (T, P,X)x;, )

and

lim ¥; =1

x—1 (Raoult convention)
or

lim 7y; =1

x—0 (Henry convention)
where

x = mole-fraction vector with entries X;,
|

T = temperature,
P = pressure, and
W} = standard chemical potential of species i.

Equation 9 may be rewritten as

W; =W; +RTIny(T,P,n)+RTInx,, (10)
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where n = species-abundance vector with entries p,.

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

b= [T, P’ (T, P} + RT Inx, an

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

The calculation procedure is iterative, in which the first step is to compute the equilibrium
composition assuming ideality (Y;=1), yielding a first approximation to the system mole
numbers n®. Then the activity coefficients Y 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

w® =y + RTIny, (T, P,n). (12)

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 _1

Charge neutrality is maintained within FMT in order to 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. Note that, because of the methods computers use to store
numbers, it is extremely unlikely that the computed solution will have a charge equal to zero.
Rather, the total charge will be a small number within some tolerance from zero, i.e., within the
range -ltoll < computed charge < +ltoll. The rootfinding tolerance generally used within FMT is
10 (specified in the CHEMDAT file), indicating that the computed charge would be within the
range -10"¢ < computed charge < 106. In practice, the computer charge is always much closer to
zero; usually the absolute value of the computed charge is in the range 102 to 10°'8, It is
unimportant whether the total charge is positive or negative so long as it is approximately zero.
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
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element to be replaced with the charge balance, FORTRAN variable RPLWCHG, can be any
element, but is usually set to Oxygen because it will be present in all aqueous chemical systems.
FMT cannot calculate a charge imbalanced solution composition. However, should one wish to
specify a charge imbalance, fictitious aqueous species “Poslon+” and “Neglon-" can be used to
do so. For example, entering a concentration of “Poslon+” at 0.1 m will cause the solution to
have a net negative charge of 0.1 m.

4.5 Pseudoelements

Pseudoelement is the name given to mathematical constructs that are not actual chemical
elements but mathematically are treated the same as an element. Some of the pseudoelements
used within FMT in the past have been “Electron:EL”, “Poslon:EL”, “Neglon:EL"”, “ClO4:EL”,
and “Charge:EL”. Perchlorate, ClOs, is a pseudoelement because it is a combination of elements
treated as an element. That is, the unit “ClO4: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. In contrast, although sulfur
always occurs with 4 oxygen atoms in the data base, SO, is not treated as a pseudoelement,
although it could have been.
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5.0 CAPABILITIES AND LIMITATIONS OF THE SWRE

EMT calculates chemical equilibllium for user-specified total element amounts for aqueous or
aqueous + mineral geochemical systems. All chemical elements specified by the user must be
included in the data base used by FMT in order for calculations to proceed correctly. The
original FMT  data  base file  used to  develop this document,
HMW_NP_AM_RTEST.CHEMDAT (described in Section 7.3), is limited to the elements H, O,
Na, K, Mg, Ca, Cl, S, B, C, Br, and P, and the pseudoelements “Am(II),” “Np(V),” “ClO4,”
“Poslon”, “Neglon”, and “Charge.” (Element names contained in quotes are not strictly chemical
elements, but they are called pseudoelements because they are treated mathematically 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 HMW_NP_AM_RTEST data base is listed in Appendix I; the
most current data base release, HMW_Am3Pu3Th4Np5_960823, is documented in Appendix V
and listed in Appendix W.. The user is responsible for determining whether the data base
included in FMT is appropriate for his/her chemical system.

It is important to note that FMT does not model gas phases explicitly. However, the effects
of 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. The standard chemical potentials of these fictitious solids are
calculated from the constant gas fugacities.

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

Thermodynamics allows the declaration of a hypothetical CO, “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
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0 0
Heoycsaiar) _ Heoa(e) | 1o 7
RT RT e (14)

where fco, is the CO,(g) fugacity, which can be thought of as an effective partial pressure
for CO,(g). Equation 14, which makes use of the standard convention that the activity of a pure
solid phase is unity, allows one to simulate a system with a constant CO,(g) fugacity as long as

the CO;, “solid” phase is present. See Novak (1995k) for details.

Other particular items to note are listed below:

. Oxidation-reduction (redox) reactions are not supported in any of the data bases.

. The “Am(III)” and “Np(V)” models in HMW_NP_AM_RTEST.CHEMDAT data base
are  preliminary and  provisional, and were  updated in  the
HMW_AM3Pu3Th4Np5_960823.CHEMDAT data base. Additional updated versions
of the CHEMDAT data base for use with FMT will be issued as they are developed.

. The radioactive elements uranium(IV), uranium(VI) and other elements may be added
in future versions of the FMT data base. These additions will be modifications to the

data base only (CHEMDAT) and will not require code changes.
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6.0 USER INTERACTIONS WITH THE SOFTWA

6.1 Overview

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

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 H,O 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 output file, which contains a column of
species concentrations that have been normalized to a 1 kg H,O basis. 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 H,0” basis.)

SES
ol

hangeithe CHE
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ing EMT in support.of the WIP] b

FMT generates a primary file OUTPUT and a secondary file, depending on the problem.
FORO088 is the secondary file for batch problems, while TITRATE is the secondary file for titrate
problems. Both the FOR088 and TITRATE files are subsets of their respective OUTPUT files,
reordered by chemical species for user convenience. Because the format of FOR088 is the same
as that of INGUESS, FORO088 output can be modified and renamed as the INGUESS file to build
increasingly complex chemical systems. Output files are discussed in detail in Section 9.0.
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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.

Optional Data Path*

ST \ / OUTPUT
\

—»| INGUESS [—» FMT

CHEMDA?;W : /

FORO088

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

Figure 1. Input and Output Files for BATCH

INPUT \
INGUESS  [—

CHEMDAT

(static)

FMT

/ OUTPUT

TITRATE

RHOMIN —

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

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

The INGUESS file, if FMT is instructed to read it, provides total abundances of each element
through the assignment of the total amount for each species in the CHEMDAT file. All amounts
must be specified as total abundances, i.e., number of moles in the (unspecified) control volume.
The user must state the moles for each species in the same order as the species are listed in the
CHEMDAT file, starting with H;O. FMT adds the species amounts with the appropriate
stoichiometric coefficients to get to the total element abundances, and converts these extrinsic
quantities to molality using the mass of water that can be formed from the given 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 Organization of Files

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

. all data base files (CHEMDAT and RHOMIN) in one folder. Beneath a major folder

labeled “HMW_DB,” Figure 3 shows two subfolders, labeled “HMW_NP_AM” and
“HMW_35,” which each contain unique CHEMDAT and RHOMIN data base files.

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

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




Figure 4. Suggested input/output file organization.
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¢
-
HMW_DB
<<
-
HMW_NP_AM HMW_352 HMW_345° e e
HMW_NP_AM_RTEST.CHEMDAT HMW_35.CHEMDAT
HMW_NP_AM_F60.CHEMDAT' HMW_35_F60.CHEMDAT
HMW_NP_AM_RTEST.RHOMIN HMW_35_F1.CHEMDAT
HMW_35.RHOMIN
Notes ;
1. Same as HMW_NP_AM_RTEST.CHEMDAT, excep! a declaration of CO, "solid" fugacity = 60.0 atm was added.
2. Contains updates on thermodynamic parameter values and complexation data for Np(V) and Np(V);
F1 and F60 designate modifications to CHEMDAT file to reflect CO,, "solid* fugacity at 1 and 60 atm.
3. Folder for future CHEMDAT data bases for Actinides in lll, IV, V oxidation states,
Figure 3. Suggested data base organization.
55
Test Cases
55
e o
BATCH_DOC NP_NACL_BM
== NP_NACL_BM_LOG.IN -
e o o NP_NACL_BM.INGUESS L
NP_NACL_BM_LOG.OUT_V1
- v NP_NACL_BM_LOG.TITRATE_V1
BATCH_DOC.N BATCH_DOC.IN
BATCH_DOC.INGUESS  BATCH_DOC.INGUESS
BATCH_DOC.OUT_V1 BATCH_DOC.OUT_V2
BATCH_DOC.FOR088.V1  BATCH_DOC.FOR0B8.V2
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*  the ouput files in either the same problem-Jabeled folder or another folder (beneath the
problem-labeled folder) labeled with version numbers “V1,” “V2,” and so on. Both

options are shown in Figure 4.

6.3.2 DEC Environment with WIPP Computers

The user can use the command file FMT_CUR.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_CUR.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.

6.3.2.1 Fetching the Command File FMT_CUR.COM from CMS

To retrieve the command file FMT_CUR.COM, the user logs into BEATLE and types in the
symbol “nonpa_cms_syms” to define other CMS symbols, and the command “libfmt” to specify
the FMT library. Then the user locates the directory/subdirectory where his/her input files reside
by typing in a “set default (sd)” command. The command “cfe fmt_CUR.com” copies the
command file into the user’s current directory. The lines are:

Snonpa_cms_syms
$1libfmt

$sd [username.user_inputfile_directory]
Scfe fmt_960823.com

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

6.3.2.2 Running FMT_CUR.COM

To execute “@FMT_CUR?” 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_CUR. To
execute the command the user types in:

$@FMT_CUR
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The user will be prompted to supply a substring for the CHEMDAT and RHOMIN files, the
input file’'s name, and whether the Pitzer parameters should be echoed in the file. To retrieve a
list of all CHEMDAT and RHOMIN files, the user can simply type in “FMT” since all data base
files are prefixed with the “FMT_HMW_" string. Any substring of the data base file name can
be typed in if the user knows the partial name or the date, such as 960823. The input file name
must not contain the extensions (“.IN” or “.INGUESS”) and it must be the same for both the IN
and INGUESS files.

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.

Finally, the user is asked if FMT should echo the data base in the OUTPUT file. The
CHEMDAT data bases can contain an enormous amount of data, which the user may not want to
include the OUTPUT file.

6.3.2.3 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_CUR.COM generates the log file with the time and date
stamp in the file’s name. The log file records the explicit information on the build of the most
current executable “FMT_PA97” 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 (dir) before and after the run,
the program FMT generated the files BATCH_DOC.OUT and BATCH_DOC.FOR088. CMS
fetched the files FMT_HMW_NP_AM_RTEST.CHEMDAT and
FMT_HMW_NP_AM_RTEST.RHOMIN. A listing of the terminal session follows:
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$ @fmt_cur

Enter chemdat file name to search on: np_am

Enter rhomin file name to search on: np_am

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

-CMS-I-SUPERSEDE, library list superseded

Elements in CMS Library WPS$NONPA_CMSROOT: [FMT]

FMT_HMW_NP_AM.CHEMDAT "Initial load"
FMT_HMW_NP_AM_960823 . CHEMDAT "CHEMDAT DATA BASE FILE FOR FMT 2.2 REGRESSION
TESTING" .
FMT_HMW_NP-AM_FGO.CHEHDAT "Initial load"
FMT_HMW_NP_AM_RTEST.CHEMDAT "CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION
TESTING"
Select CHEMDAT name from list above: FMT_HMW_NP_AM_RTEST.CHEMDAT
Your CMS library list consists of:
WPSNONPA_CMSROOT: [FMT]

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

Elements in CMS Library WP$NONPA_CMSROOT: [FMT)

FMT_HMW_NP_AM.RHOMIN "Initial load"
FMT_HMW_NP_AM_960823 .RHOMIN "RHOMIN DATA BASE FILE FOR FMT 2.2 REGRESSION
TESTING" ¢
FMT_HMW_NP_AM_RTEST.RHOMIN "RHOMIN DATA BASE FILE FOR FMT 2.3 REGRESSION
TESTING"
Select RHOMIN name from list above: FMT_HMW_NP_AM_ RTEST.RHOMIN
Your CMS library list consists of:
WPSNONPA_CMSROOT: [FMT] "o

$CMS-S~-FETCHED, generatioﬁ'1 of element
WPSNONPA_CMSROOT:[FMT]FMTLHHW_NP_AM_RTEST.RHOMIN fetched
Enter "Y" or "y" to echo data base in OUT file: y

image name: "FMT_PA97"

image file identification: "P PA97 2.3"
image file build identification: ""
link date/time: 1-APR-1997 09:55:34.40
linker identification: "All-14"

DG_BYPASS flag set to nDG_BYPASS

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

FMT V2.3

DATA BASE: HMWB4/FW86; Np{V}—Na—CO3-0H—C1—C104 (NR94) ;

95.01.31 Am(III)-Na-Cl-CO3-S04-P04 (FRSR89,FRF90, P91 ,RFFR92,RFF94,RRFF94)

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

ACTIVITY COEF. FLAG PITZACT

Finished do 10: read b(0) b(l) b(2) cphi
Finished do 20: read thetal(c,c)

Finished do 30: read thetal(a,a)

Finished do 40: read psil(c,c,a)

Finished do 50: read psi(a,a,c)

Finished do 55: read neucat(n,c)
Finished do 65: read neuani(n,a)
Finished do 66: read ptztsi(n,c,a)

using PITZER ACTIVITY COEFFICIENT model
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Charge Balance replaces element Oxygen

Char
this

Echo
ECHO

POOO0OO0ODOO0OO0O0OO0OHFHFOOORKFPORHKREKEO

110.222364000000

55,1654821000000

.200000000000000

.000000000000000E-002
.000000000000000E-003
.000000000000000E-004
.110000000000000

.000000000000000E-003
.000000000000000E-004
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E-007
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.000000000000000E+000
.906053920000000E-017

Flags: FLOW/BATCH/TITRATE:
is a BATCH problem

of Mole Specifications:
PRINT OF ELEMENT ABUNDANCES IN ONEFLSH

BATCH UNUSED

nMOLES nEXACT
Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
PosIon
NegIon
Air

Boron
Bromine
TracerEl
Th(IV)
Am(III)
U(VI)

Np (V)
Cl04- (EL)
Phosphorus
Electron
Charge

(MINABU*1.d-6) moles NaBO2.NaCl.2H20__  Teepleite_(20_C);
(MINABU*1.d4-6) moles NaB508.5H20 Sodium_Pentaborate;
(MINABU*1.d4-6) moles NaOH(aq)...:..to.titrate.base.only;
(MINABU*1.d-6) moles HCl(aqg)....... to.titrate.acid.only;
(MINABU*1.d-6) moles K2B407.4H20 K-Tetraborate_(30_C);
(MINABU*1.d-6) moles B405(OH)4= B405 (OH) 4=;
(MINABU*1.d-6) moles KBH6(S04)7 Misenite;
(MINABU*1.d-6) moles KBH4(CO3)6.3H20___K-Sequicarbonate;
(MINABU*1.d-6) moles B303(OH)4- B303 (OH) 4-;
(MINABU*1.d-6) moles Cad4Cl2(OH)6.13H20__CaOxychloride A;

B B B B B
HREEEEEEE 8

************SOLUBILITY PRODUCT VIOLATION'*******‘****‘
** Mg (OH) 2 Brucite ** 1.00E+01 **

xrwkwk**x k¥ **SOLUBILITY PRODUCT VIOLATION******* ki
** Mg2Cl(OH)3.4H20 MgOxychloride ** 6.69E+00 **

2 Solubility Product Vieolations
Adding solid Mg(OH)2 Brucite
.LT. (MINABU*1.d-6) moles NaOH(aqg)...... to.titrate.base.only;
.LT. (MINABU*1.d-6) moles HCl(ag)....... to.titrate.acid.only;
.LT. (MINABU*1.d-6) moles B405(OH)4= B405 (OH) 4=;
.LT. (MINABU*1.d-6) moles B303 (OH)4- B303 (OH) 4-;
pH (-loglaH+]); pmH(-log[mH+]) 12.8532 12.7140
fCo2(g); log[£CO2(g)]=
Total Diagonal Inversions 84
Total Stoichiometric Reoptimizations 9
SINGLE BATCH EQUILIBRATION COMPLETED

$ dir

Directory Ul: [SCBABB.FMT.UM]

BATCH_DOC.FOR088;1 BATCH_DOC.IN;1

del&switch
del&switch
del&switch
del&switch
del&reopt

delé&reopt

del&reopt

del&switch
del&switch
del&switch

del&switch
del&switch
del&switch
del&switch

6.983E-13

-12.2

BATCH_DOC.INGUESS;1 BATCH_DOC.OUT;1
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BATCH_DOC_APR29_0941.L0G;1 FMT_CUR.COM;1

FMT_HMW_NP_AM_RTEST.CHEMDAT; 1
FMT_HMW_NP_AM_RTEST.RHOMIN;1

Total of 8 files.

FMT_CUR.COM recorded the screen output in the file BATCH_DOC_APR29_0941.LOG.
A listing of the log file follows:

$ type batch_doc_apr29_0941.1log
"INPUT" = "BATCH_DOC.IN" (LNM$PROCESS_TABLE)
"INGUESS" = "BATCH_DOC.INGUESS" (LNM$PROCESS_TABLE)
"CHEMDAT" = "FMT_HMW_NP_AM_ RTEST.CHEMDAT" (LNMS$PROCESS_TAEBLE)

"RHOMIN" = "FMT_HMW_NP_AM_RTEST.RHOMIN" (LNM$PROCESS_TABLE)
"OQUTPUT" = "BATCH_DOC.OUT" (LNM$PROCESS_TABLE)
"“FOR088" = "BATCH_DOC.FOR088" (LNM$PROCESS_TABLE)

“TITRATE" = "BATCH_DOC.TITRATE" (LNM$PROCESS_TABLE) .

image name: "FMT_PA97"

image file identification: "P PA97 2.3"
image file build idenficiation: " "

link date/time: 1-APR-1997 09:55:34.40
linker identification: "All-14"

$

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, and
NP_NACL_BM.TITRATE.

$ dir
Directory Ul: [SCBABB.FMT.UM]
FMT_CUR.COM;1 NP_NACL_BM.IN;1 NP_NACL_BM.INGUESS;1

Total of 3 files.

$ @fmt_cur

Enter chemdat file name to search on: np_am

Enter rhomin file name to search on: np_am

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

-CMS-I-SUPERSEDE, library list superseded

Elements in CMS Library WP$SNONPA_CMSROOT: [FMT)

FMT_HMW_NP_AM.CHEMDAT "Initial load"

FMT_HMW_NP_AM_960823.CHEMDAT "“CHEMDAT DATA BASE FILE FOR FMT 2.2 REGRESSION
TESTING"

FMT_HMW_NP_AM_F60.CHEMDAT "Initial load"

FMT_HMW_NP_AM_RTEST.CHEMDAT "CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION
TESTING"

Select CHEMDAT name from list above: FMT_HMW_NP_AM RTEST.CHEMDAT
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Your CMS library list consists of:
WPSNONPA_CMSROOT : [FMT]

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

Elements in CMS Library WP$NONPA_CMSROOQT: [FMT]

FMT_HMW_NP_AM.RHOMIN "Initial load"
FMT_HMW_NP_AM_960823 .RHOMIN "RHOMIN DATA BASE FILE FOR FMT 2.2 REGRESSION
TESTING"
FMT_HMW_NP_AM_RTEST.RHOMIN *"RHOMIN DATA BASE FILE FOR FMT 2.3 REGRESSION
TESTING"
Select RHOMIN name from list above: FMT_HMW_NP_AM_RTEST.RHOMIN
Your CMS library list consists of:
WPSNONPA_CMSROOT : [FMT]

$CMS-S-FETCHED, generation 1 of element
WPSNONPA_CMSROOT: [FMT] FMT_HMW_NP_AM_| RTEST.RHOMIN fetched
Enter "Y" or "y" to echo data base in OUT file: n

image name: "FMT_PA97"

1mage file identification: "P PA97 2.3"
image file build identification: ""
link date/time: 1-APR-1997 09:55:34.40
linker identification: "All-14"

DG_BYPASS flag set to nDG_BYPASS

Benchmark TITRATE Problem; Np(V)02 with CO3 in 5.61lmolal NaCl

FMT V2.3

DATA BASE: HMW84/FW86; Np(V)-Na-CO3-OH- Cl-Clo4 (NR94):;

95.01.31 Am(III)-Na-Cl-C03-S04-P04 (FRSRSS FRF90,P91,RFFR92,RFF94,RRFF94)

Accuracy of reactions is 1.0000E-06
Minimum elemental abundance is 1:0000E-18
Number of Aqueous Species is 50

ACTIVITY COEF. FLAG PITZACT

PITZER Data Base NOT Echoed in this Run
Finished do 10: read b(0) b(l) b(2) cphi
Finished do 20: read theta(c,c)
Finished do 30: read theta(a,a)
Finished do 40: read psil(c,c,a)
Finished do 50: read psi(a,a,c)
Finished do 55: read neucat(n,c)
Finished do 65: read neuani(n,a)
Finished do 66: read ptztsi(n,c,a)
using PITZER ACTIVITY COEFFICIENT model
Charge Balance replaces element Oxygen

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

Character Flags: J.C. nMOLES nEXACT
Character Flags: I.C. nMOLES nEXACT
pH (-loglaH+]); pmH(-log[mH+]) 11.7497 11.6199
fco2(g); logl[fCo2(g)l= : 2.171E-07 -6.66
pH (-loglaH+]); pmH(-log[mH+]) 5.3205 5.9141
fCO2(g); log[fCO2(g)]= 3.400E-02 -1.47
TITRATION Character Flags
cduml= TITRATE cdum2= ASREAD

reading titrant volumes from input file
First Volume Added 0.10 mL
Final Volume Added 10.00 mL
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pH (-logl[aH+]); pmH(-log[mH+]) 5.3205 5.9141
fco2(g); logl[fC0O2(g)l= 3.400E-02 =-1.47
pH (-loglaH+]); pmH(-log[mH+]) 5.6451 6.2386
fco2(g); log[fCO2(g)]= 2.716E-02 -1.57
pH (-loglaH+]); pmH(-log[mH+]) 5.9936 6.5870
fco2(g); log[fCO2(g)]= _ 1.847E-02 -1.73
pH (-logl[aH+]); pmH(-log[mH+]) 6.2353 6.8286
fCo2(g); log[fCO2(g)]= 1.290E-02 -1.89
pH (-logl[aH+]):; pmH(-log[mH+]) 6.6996 7.2930
fco2(g); log[fCO2(g)]= 5.484E-03 -2.26
pH (-loglaH+]); pmH(-log[mH+]) 7.9427 8.5359
fco2(g): logl[£fCO2(g)]= 3.555E-04 -3.45
pH (-logl[aH+]): pmH(-log[mH+]) 8.3317 8.9250
fCco2(g); log(fCcO2(g)]= ' 1.461E-04 -3.84
pH (-log[aH+]); pmH(-log[mH+]) 8.5655 9.1587
fCco2(g); log(fCc02(g)l= 8.559E-05 -4.07
pH (-loglaH+]); pmH(-log[mH+]) 8.7166 9.3098
fC02(g); loglfCO2(g)l= 6.060E-05 -4.22
pH (-loglaH+]); pmH(-log[mH+]) . 8.8722 9.4653
fco2(g); log[fCO2(g)l= 4 ,250E-05 -4 .37
pH (-loglaH+]); pmH(-log[mH+]) 9.2225 9.8154
fco2(g); log[fCO2(g)]= e 1.922E-05 -4.72
pH (-loglaH+]); pmH(-log[mH+]) . 9.4695 10.0620
fco2(g); log[fCO2(g)]= ; 1.108E-05 -4.96
pH (-logl[aH+]); pmH(-log[mH+]) 9.8493 10.4406
fco2(g); log[fCO2(g)]l= 4 .873E-06 -5.31
pH (-loglaH+]); pmH(-log[mH+]) 10.2955 10.8825
fco2(g); logl[fCcO2(g)l= 3 : 2.019E-06 -5.69
pH (-logl[aH+]); pmH(-log[mH+]) 10.6594 11.2341 —
fco2(g); log[fCO2[g}]; - 1.106E-06 -5.96
End of AutoTitration Problem I
$ dir
Directory Ul: [SCBABB.FMT.UM]
FMT_CUR.COM;1 FMT_HMW_NP_AM_RTEST.CHEMDAT;1
FMT_HMW_NP_AM_RTEST.RHOMIN;1
NP_NACL_BM.IN;1 NP_NACL_BM.INGUESS;1 NP_NACL_BM.OUT;1
NP_NACL_BM.TITRATE;1 NP_NACL_BM_APR29_1122.L0G;1

Total of 8 files.
$ type np_nacl_bm_apr29_1122.log ;
*INPUT" = "NP_NACL_BM.IN" (LNMS$SPROCESS_TABLE)

"INGUESS" = "NP_NACL_BM.INGUESS" (LNM$PROCESS_TABLE)
"CHEMDAT" = "FMT_HMW_NP_AM RTEST.CHEMDAT" (LNM$PROCESS_TABLE)
"RHOMIN" = "FMT_HMW_NP_AM_RTEST.RHOMIN" (LNM$PROCESS_TABLE)
"QUTPUT" = "NP_NACL_BM.OUT" (LNM$PROCESS_TABLE)

“"FOR088" = "NP_NACL_BM.FOR088" (LNMSPROCESS_TABLE)

"TITRATE" = “NP_NACL_BM.TITRATE" (LNM$PROCESS_TABLE)

image name: "FMT_PA97"

image file identification: "P PAS7 2.3"
image file build identification: ""
link date/time: 1-APR-1997 09:55:34.40
linker identification: "All-14"

Pitzer Data Base NOT echoed in this Run
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6.3.3 General DEC Environment

A suggested method for running FMT under a general DEC environment is given in Table 1
using the file structure of Figures 3 and 4. The command file is written assuming the executable,
(here called FMT2P3.EXE to reflect that it is version 2.3) is in FMT.DIR, the parent directory to
NP_NACL_BM.DIR.

Table 1. Example Np_CaCl_Bm_LOG.COM File for Running FMT in the DEC Environment

Set default [<root>. TEST_CASES.Np_NaCl_BM]

define INPUT Np_NaCl_BM_LOG.IN

define INGUESS Np_NaCl_BM_LOG.INGUESS

define CHEMDAT [<root>.HMW_DB]HMW_NP_AM RTEST.CHEMDAT
define RHOMIN [<root>.HMW_DBE]HMW_NP_AM_RTEST.RHOMIN
define OUTPUT Np_NaCl_BM_LOG.OUT

define FOR088 Np_NaCl_BM_LOG.FOR088

define TITRATE Np_NaCl_BM_LOG.TITRATE

run [<root>.FMT]FMT2P3.EXE

deassign INPUT

deassign OUTPUT

deassign CHEMDAT

deassign RHOMIN

deassign OUTPUT

deassign FORO088

deassign TITRATE

wnrnrnnnnrnrnrnnnrnnrnnn

6.3.4 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, double clicking on an input
file name, and typing in the output file name or using the default file name.

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

1 Select CHEMDAT File
2.  Select RHOMIN File
3.  Select INPUT File

4. Select INGUESS File

" 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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5. Enter OUTPUT File Name

For a batch problem,

6. Enter FOR088 File Name

or

for a tritrate problem,

Enter TITRATE File Name,

7.  Enter “Y” or “y” to echo data base in OUT file

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

program variables.
6.4.2 Using FORO088 File as INGUESS File

The secondary output file FOR088 is produced from batch runs. Using the FOR088 as an
INGUESS file provides an easy way to adjust the solution composition.
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Table 2. Batch Problem Screen Display Description (See Appendix A for sample listing.)

Line Variable Name Description

1 CHEMDAT_NAME | partial string of a CHEMDAT file name to search on

2 RHOMIN_NAME | partial string of a RHOMIN file name to search on

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

4-6 notati(;n; setting pointers to FMT CMS library

8-13 list of CHEMDAT files with their comments in FMT CMS library that

correspond to search string in line 1

14 CHEMDAT_NAME | user double clicks, cuts and pastes with a mouse, or types in appropriate
CHEMDAT file name
15-18 notation indicating that the CHEMDAT file name in line 14 has been éopied

to the user’s current directory

20-24 list of RHOMIN files with their comments in FMT CMS library that
correspond to search string in line 2

25 RHOMIN_NAME | user double clicks, cuts and pastes with a mouse, or types in appropriate
RHOMIN file name
26-29 notation indicating that the RHOMIN file name in line 25 has been copied to

the user’s current directory

30 DUMMY user's response to echoing CHEMDAT parameters in the OUT file
32-36 linker and identity on building the FMT executable in CMS library
38 DUMMY2 FMT read ‘nDG_BYPASS' from CHEMDAT file

(HMW_NP_AM.CHEMDAT, Appendix I)

39 notation; repeat of line 1 of INPUT file (BATCH_DOC.IN, Appendix E) with
‘FMT" and version number ,

40-45 DBASEI, DBASE2, | repeat of lines 4-9 OUTPUT file for CHEMDAT (Appendix J)
ACCURACY,
MINABU,NAQ

47 DUMMY2 FMT read ‘PITZACT' from CHEMDAT file (Appendix 1)
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48-56 notation indicating Pitzer parameters being read from CHEMDAT file
57 ELNAMES repeat of line 1286 from OUTPUT file for CHEMDAT (Appendix J)
(RPLWCHG)
59 CDUM1,CDUM2 character strings read from line 4 of INPUT file (Appendix E) to set batch
mode
60 notation that FMT has'a BATCH problem
62 DUMMY, character strings read from line 6 of INPUT file (Appendix E) to not read
DUMMY]1 species amounts from INGUESS
63-86 notation; listing of elemental abundances
ABUND(i), i" mole amount starting at line 7 of INPUT file (Appendix E) and i® element
ELNAMES(i) name starting at line 8 of CHEMDAT file (Appendix I)
87-96, NAMES(i) species deleted from equilibrium algorithm because their total number of
106-109 moles NMOLES(i) became negligible (<MINABUx1x10°%)
08-105 repeat of lines 20-27 in OUTPUT file for Batch (BATCH_DOC.OUT,
Appendix L)
110 repeat of line 166 in OUTPUT file for Batch (Appendix L)
111 repeat of line 171 in OUTPUT file for Batch (Appendix L)
112,113 repeat of lines 183, 184 in OUTPUT file for Batch (Appendix L)
114 notation; normal exit from batch mode

Each batch run generates the output files OUTPUT and FOR088. The FORO088 file contains
the number of moles of each species calculated from the equilibrium run, normalized to a 1 kg
H,O basis. The user could rename the FORO088 file to INGUESS, change the flags to ‘MOLES’
‘EXACT’ in INPUT, and recalculate the equilibrium solution using the species concentrations
(total mole amounts) read from the renamed INGUESS file. In this scenario, the calculated
results would be the same.

If a user wanted to use the calculated concentrations from BATCH_DOC as a starting point
but, for example, wanted the solution to be less basic, one could take the new INGUESS file, and
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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 concentrations. All changes to amounts in the INGUESS file
must maintain charge-néutrality.

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

user desires.
6.5 Setting up and Running a Titrate Problem

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

Titration can be conceptualized as a series of 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 added to each of the N beakers containing 1 liter of Erlenmeyer solution,
and each beaker is reequilibrated.

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

FMT provides the user three different methods for specifying the titrant volume. Table 3
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.
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Table 3. Titrate Options

Option Description Method
LINEAR add the same constant titrant .ﬁVi=DV(2)x (i"l), i=2""‘NS’ where DV(2) is read from the
volume for each increment INPUT file
LOG10 add titrant volumes that increase | AV;=DV(2) X "™, i=2,....N,, with R=
exponentially from the user In(DV(N;)) - In(DV(2))  where DV(2) and DV(N,) are
specified minimum to maximum Ng-2
volumes, i.e., event changes in read from the INPUT file
log space
the INPUT file

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

i

AV 0.1 Xexp[(i-2)R] withR=(1n(10.0)-1n(0.1))/13.0,

i

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

The final volume is

DV(15) = 1.4 mL for ‘LINEAR’ option




FMT, Version 2.3 l N FO R M A i WPO # 43037
User's Manual, Version 2.3 2 January 9, 1997

Page 44

DV(15) = 10.0 mL for ‘LOG10’ 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-liter Erlenmeyer solution with no titrant added,
the second is a l-liter Erlenmeyer solution with 0.1 mL of titrant added, the third is a 1-liter
Erlenmeyer solution with 0.2 mL of titrant added, and so on up to the last beaker, a 1-liter
Erlenmeyer solution with 1.4 mL of titrant added.

The LOG10 option is particularly convenient for covering large concentration ranges, such as
K,COj3 concentration from 0.001 to 5 molal.

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 focus on regions of slow and rapid pH changes

3. . use the ASREAD option to customize the placement of points.

All options use NSPACE, the number of Erlenmeyer solutions. The LINEAR option requires
an initial volume DV(2). The LOGI0 option requires initial and last volumes DV(2) and
DVMAX. The ASREAD option requires DV(i) amounts defined by the user

where i=2, ..., NSPACE.

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

6.5.2 Screen Display Descriptions

Table 4 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 LOGI0, 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.
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Figure 5. Titration problem using LINEAR option.

1

6.5.3 Titrate Sample Problem: Solubility Calculation

nput's nd out

mb%kﬁ r)‘& T ‘-dm%m ection:

The following example Np(V)/CO3/NaCl problem illustrates a typical way in which FMT is
used. This calculation is designed to show how the solubility of NaNpO,COs;(s) varies as a
function of CO? concentration in 5.61 molal NaCl media. This is the simulation used to
generate Figure 7 of Novak and Roberts (1995). Because it is not possible to vary the carbonate
concentration while keeping the concentrations of both Na* and CI” constant, the simulation was
designed to keep the Na* concentration constant.

Referring to Appendix O, 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
molal sodium on Lines 324 and 368, approximately 2 molal COj on Line 369, with 1.61 molal
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Table 4. Titrate Problem Screen Display Description (See Appendices B, C, and D for sample
screen displays of Np_NaCl_BM_LOG, Np_NaCI_BM_LIN, and Np_NaCI_BM,

respectively.)
Line [ Variable Name Description
1-47, repeat of variable names and descriptions in Table 2 for Batch for lines 1-47 and
49-59 48-58
48 DUMMY notation that CHEMDAT parameters are not listed in the OUT file

60 CDUMI1,CDUM2 | character strings read from line 4 of INPUT (Np_NaCl_BM_LOG.IN [Appendix
F], Np_NaCl_BM_LIN.IN [Appendix G], or Np_NaCI_BM.IN [Appendix H]) to
set titrate mode

61 notation that FMT has a TITRATION problem

63 CDUMI1,CDUM2 | character strings read from line 6 of INPUT (Appendices F, G, or H) to not read
species amounts from INGUESS for the injected or buret solution

64 CDUM1,CDUM2 | character strings read from line 31 of INPUT (Appendices F, G, or H) to not read
species amounts from INGUESS for the initial or Erlenmeyer solution

| 65 pH (negative base 10 logarithm of hydrogen ion activity) of the titrant solution and
pmH (negative base 10 logarithm of hydrogen ion molality)

66 fugacity and logarithm of fugacity of CO, for titrant solution
67 ' pmH and pH of the Erlenmeyer solution
68 fugacity of CO, for Erlenmeyer solution

69, 70 | CDUM1,CDUM2 | character strings read from line 100 of INPUT (Appendices F, G, or H) to set

titrate method
71,72 | DV(2), initial titrant volume as read from INPUT (Appendices F, G, or H) and final titrant
DV(NSPACE) volume; for example, 0.1 mL and 1.4 mL in Figure 5
74- first line is pH and pmH of resulting solutions following titrant additions
103 DV(i), i=1, ..., N, to 1 liter of the Erlenmeyer solution, beginning with no

additions to the first beaker; see Figure 5. Second line is fugacity of CO,.

104 notation; normal exit from titrate mode
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CI” (Lines 328 and 370) 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 Na,CO3+7H,0(s) as
indicated by the Saturation Index of —0.251 listed in the Descriptor column on Line 379. The
flash calculation output for the Erlenmeyer solution shows 5.61 molal sodium and 5.61 molal
chloride (Lines 418 and 422), in equilibrium with a large excess of NaNpO,COs(s) at a relatively
high pmH of 5.91 on Line 488. This solution was designed to have a very low carbonate
concentration, 3.09x10™® molal (Line 470). A large excess of NaNpO,CO;(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 S, the listing for Np_NaCl_BM.TITRATE on Lines
27-41, shows that the Na® concentration remains constant at 5.61 molal, while the CI”
concentration changes slightly from 5.61 to 5.51 molal. More importantly, the CO3%
.concentration varies widely, from 3.09x10™® to 4.84x10 molal (Lines 44-58), as was intended.
The NaNpO,COs(s) concentrations confirm that this solid is present across this aqueous
composition range (Lines 112-126), and all other solid phases are absent. The concentrations of
the Np(V) species NpOj, NpO,OH(ag), NpO,(OH);, NpO,CO;, NpO,(CO,);", and
NpO,(CO,); ™, given in Lines 95-109 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:

mCOi 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 2.57E-4
1.25E-6 6.17E-5 1.09E-3 4.47E-6
3.78E-7 2.04E-4 3.29E-4 3.55E-6
1.73E-7 4.37E-4 2.50E-4 3.63E-6
1.57E-7 4.90E-4 2.28E-5 6.46E-6
9.06E-6 1.29E-5 6.27E-7 1.41E-4
2.74E-5 6.17E-6 5.72E-8 1.10E-3
1.19E-3 4.90E-6
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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 NpO,OH(aq) and
NpO,(OH); are unimportant under these conditions, with concentrations always at least three
orders of magnitude smaller than the total Np(V). This example shows the comparison between
model calculations and experimental data, and also sh;)ws that the values calculated with FMT
Version 1.0, used in Novak and Roberts (1995), agree with values calculated with FMT Version
2.3, 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 S.

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 CO3 concentration, will be. The

modeling points were spaced relatively far apart in regions with linear behavior and closer
together in regions of curvature.
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Figure 6. Calculated Total Np(V) and Np(V) Concentrations as a function of CO? concentration
in 5.61 molal (5M) NaCl, and comparison with experimental measurements from Neck

et al. (1994).
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7.0 DESCRIPTION OF INPUT FILES

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

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

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

. identify the element or species on a line, or

. document the reference source of data on a line.

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

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

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

The code developer of FMT chose to indicate turning “off” options by placing a lower case
“n” before the specific string that turns an option “on,” e.g., ‘nMOLES’ or ‘nBATCH’. This
offers the advantage of keeping the meaningful value of the flag close at hand for easy
interpretation of the individual flags.

Batch problems require the input files INPUT, INGUESS, and CHEMDAT to run, and an
additional file RHOMIN is required for titrate problems. A description of all four input files, for
both Batch and Titrate calculations, follows.
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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 5, and a sample listing of
BATCH_DOC.IN is provided in Appendix E.

Table 5 lists the INPUT file parameters for a batch problem. The “LINE” column refers to
the line numbers listed in the BATCH_DOC.IN file. The “Variable Name” column corresponds
to the FMT program variables. “Permissible Value” column is the only set of values permitted
for use with this program. Any other values have unknown consequences.

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

header info and
Lines problem
1-6 specification

mole amounts

Lines of elements

7-29

TRIE342-51310

Figure 7. Batch INPUT file.
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Table 5. INPUT File Parameters for Batch (See Appendix E for sample listing.)
Line | Variable Permissible Value Description
Name
1 TITLE78 any character string character string that identifies or describes the user’s
. (maximum 78 characters) | problem
2 DUMMY ‘CHEMFILE' character string used as a flag for reading the CHEMDAT
file (Appendix I)
4 CDUM], ‘BATCH' ‘UNUSED’ the first string indicates this is a batch problem with the
CDUM2 second string's value being irrele vant
6 DUMMY, two 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 i element in the order listed in
CHEMDAT (Appendix I, lines 8-10), one elememal
amount per line

7.1.2 Titrate Problem

The titrate INPUT (.IN) file 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) specify the molar abundances of the elements in the buret
and Erlenmeyer (“beaker”) solutions. Lines 6 and 31 allow the user to set flags to read the
INGUESS file for species abundances. Line 100 allows the user to specify the titration method:

e LINEAR, adding equal volumes of the titrant successively,
e LOGI0, adding titrant volumes that increase exponentially,

e ASREAD, adding user-specified titrant volumes.
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L 58 no. of beakers
Lines
57-98
Line 100 titrate option
titrant volumes
Lines for ASREAD
101-114

titrate option

TRI-6342-5132-0

Figure 8. Titrate INPUT file.
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The INPUT file parameters for a titrate problem are shown in Table 6. The “LINE” column

in Table 6 refers to the lines listed in the Np_NaCl_BM_LOG.IN, Np_NaCl_BM_LIN.IN, and
Np_NaCl_BM.IN files. Sample listings of these files are provided in Appendices F, G, and H.

In the input files referenced in Table 6, lines 7-29 state the composition of the titrant or buret
solution. Lines 32-54 define the composition of the titrated or Erlenmeyer solution. Lines 6 and
31 are flags for reading the INGUESS file. Line 56 states the number of beakers, Ns, for
titration. Lines 57 through 98 are read but not used.

Line 100 in the INPUT file demonstrates setting each of the three titration methods:

*  Np_NaCl_BM_LOGL.IN file (Appendix F) sets the ‘LOG10’ option with the initial and
final volumes. FMT disregards any lines following line 100.

. Np_NaCl_BM_LIN.IN file (Appendix G) 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.

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

7.2 INGUESS

The INGUESS file is a required input file for both the batch and titrate runs that allows the
user to specify the species abundances, from which FMT calculates the element abundances. The
user must set the flags to ‘MOLES’ and ‘EXACT’ in the INPUT file for FMT to read the
INGUESS file. If the file is not read, a null can be used as the INGUESS file. The element
abundances are read from the INPUT file.

7.2.1 Batch Problem

The user can rename the FOR088 output file from a batch calculation and modify the species
amounts as desired to build a solution composition for the INGUESS file (see Section 6.4.2). A
line-by-line description of the INGUESS file, whose structure is identical to that of the FOR088
file (Appendix P), is provided below in Table 7.
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Table 6. INPUT File Parameters for Titrate (See Appendices F, G, and H for sample listings of
Np_N aCl_BM_LQG.IN, Np_NaCl_BM_LIN.IN, and Np_NaCl_BM.IN, respectively.)

Line | Variable Names | Permissible Values Description
1 TITLE78 any character string character string that identifies or describes the user's
- (maximum 78 characters) | problem
2 DUMMY ‘CHEMFILE' character string used as a flag for reading the
CHEMDAT file (Appendix I)
4 CDUM1,CDUM2 | ‘TITRATE' ‘EXPLICIT" | the first and second strings are required to indicate that
this is a titrate problem
6 CDUM1,CDUM2 two character strings used as flags for the titrant or
buret solution for calculating the equilibrium state
using either:
‘MOLES’ ‘EXACT’ species abundances read from INGUESS from which
FMT calculates element abundances
or
‘nMOLES' ‘nEXACT’ element abundances from INPUT (does not read
INGUESS)
7-29 |ELTOTAL (i1) | nonnegative real number’ | mole amount of i element in buret solution, one
: elemental amount per line
31 CDUM1,CDUM2 two character strings used as flags for the solution to
be titrated or Erlenmeyer solution for calculating the
equilibrium state using either:
‘MOLES' ‘EXACT’ species abundances read from INGUESS from which
FMT calculates element abundances
or
‘nMOLES’ ‘nEXACT’ element abundances from INPUT (does not read
INGUESS)
32-54 |ELTOTAL (i,2) | nonnegative real number

mole amount of i element in Erlenmeyer solution,
one elemental amount per line

* The value on line 29, though negative, is essentially zero since it is so small (order of magnitude: 107!5)
** The value on line 54, though negative, is essentially zero since it is so small (order of magnitude: 107'5)
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56 NSPACE, 2 < integer number < 66 the first number in this line specifies the total number
TEMP,TEMP, 2.25d3  0.0025d0 of beakers, N.. Recall that the first beaker gets zero
TEMP, CDUMI | 1.800001d5 addition of titrant solution, so N~1 volumes are-
‘nDXVARIABLE' 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 is used for titrate problems, but
INPUT (.IN) file must be included ’
100 The following five values on this line set one of the
titrate options: i
CDUMI1 ‘TITRATE’ ‘TITRATE' must always read ‘TITRATE’
CDUM2 Specifies the method of adding volume amounts to
each beaker:
‘LINEAR' or add equal sequential volumes
‘LOG10" or add exponentially increasing volumes
‘ASREAD' read volume amounts from the INPUT file
DV(2) initial volume, in mL, to add to the second beaker,
valid for LINEAR or LOG10 options.
A value must exist but not used for ASREAD option.
DVMAX volume added to the last beaker, valid only for LOG10
option.
A value must exist but not used for ASREAD or
LINEAR options.
CDUM3 ‘nINJSOLIDS' or By default, FMT will add only the aqueous phase part
‘INJSOLIDS’ 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’
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101- | DV(@) nonnegative real number read titrant volumes, in mL, to be added for each of
114 the N-1 additions where N s value is set on line 56.

For the ASREAD option; see Appendix H for
illustration. For the LINEAR and LOGI10 options, the
INPUT file is not read after line 100.

Table 7. INGUESS File Parameters for Batch Problem

Line | Variable Name Permissible Value Description

1-115 | NMOLES (i) nonnegative real number mole amount of i species in the order

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

On each line of an INGUESS (from an FORO088) file, the total moles normalized to a 1 kg
H,0 basis are followed by a species name and the number of moles of that species, based on the
abundances from which the file was generated. FMT reads only the first column or first number
on each line from an INGUESS file. The order of the species listed follows that of the
CHEMDAT file (Appendix I, Lines 14-140). HMW_NP_AM_RTEST.CHEMDAT file has 115
species.

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 6. ‘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
8 describes the INGUESS file parameters for a titrate problem.
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Table 8. INGUESS File Parameters for Titrate Problem

Line | Variable Name Permissible Value Description

1-115 | NMOLES (i) nonnegative real number mole amount of ith species listed in

CHEMDAT (Appendix I, lines 14-140), one
species amount per line, for buret or
Erlenmeyer solution

7.3 Standard CHEMDAT Input File

FMT calculates the equilibrium state of an aqueous/mineral system using the HMW data base
system, as specified in the CHEMDAT file. 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 WIPP Project
has extended this brine data base to include some actinides.

The term HMW_NP_AM_RTEST.CHEMDAT as used throughout this document refers to

version 95.01.31 (created January 31, 1995) of the file (a copy and output list of which are
provided in Appendices I and J, respectively) where: '

e HMW stands for Harvie-Mgller-Weare/Felmy-Weare
» NP stands for neptunium(V) :
. AM stands for americium(III)

o RTEST stands for a format modification for use in regression testing of FMT 2.3.

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_RTEST.CHEMDAT file are Poslon, Neglon, Air,
Boron, Bromine, TracerEl, Cl1O4-(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_RTEST.CHEMDAT, version date 95.01.31.
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This data base contains an early set of thermodynamic parameters for modelihg the chemical
behavior of Np(V) and Am(III) in brines. Note that the extension of the Pitzer model to higher
electrolyte types than in Harvie et al. (1984) and Felmy and Weare (1986) is necessary for
Am(II); this i_s discussed in Pitzer and Silvester (1978).

7.3.1 CHEMDAT Data Flow

Both FMT subroutines READDAT and RDPITZR read from the CHEMDAT file. If the user
responds with a y or Y (yes) to the question, “Echo data base in the OUTfile” (see sections
6.3.2.2 and 6.3.4), parameters read from CHEMDAT are echoed or printed to the OUTPUT file.
Some parameters are also displayed on the user’s screen.

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

7.3.2 Data Sources for HMW_NP_AM_RTEST.CHEMDAT

The thermodynamic data in HMW_NP_AM_RTEST.CHEMDAT can be grouped into three
types: parameters for the brine electrolytes, parameters for Np(V) species and Np(V) species
interactions with the brine electrolytes, and parameters for Am(IIl) and Am(III) species

interactions with the brine electrolytes. All data are formally applied at 25°C although some data
were taken at 25+5°C.

The data for the brine electrolytes were taken from Harvie et al. (1984) and Felmy and Weare |
(1986), as specified earlier, with some additional information on the perchlorate ion taken from
Pitzer (1991). The data for Np(V) were taken from the old data base of Novak and Roberts
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Read unique chemdat ID

Read TTLELEM, TTLSPEC and string flags

Read convergence and limits criteria

Read element names and molecular weights

Do 1, TTLSPEC

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

Aqueous phase?
F T

Add 1 to count of
Baqueous species

Display and print problem description and chemdat ID
Display and print convergence criteria

rdpitzr

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

Read element substituting for charge balance

Valid element to substitute for
- charge balance?

Print fatal error Print substituted
message element name

Calculate molecular
weight of all specles

Find species H+ and
OH- in names array

STOP Found location of
E + specles? T

Display
and print
waming
message

Figure 9. Nassi-Schneiderman (N-S) chart showing FMT control flow.
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(1995), which has been superseded by newer work. We retain this older set of data to satisfy
quality assurance and regression testing procedures only. We do not recommend the use of the
Np(V) parameters from Novak and Roberts (1995). The Am(III) data contained in
HMW_NP_AM_RTEST.CHEMDAT is taken from Felmy et al. (1990), Felmy et al. (1989), Rai
et al. (1992a, 1992b, 1994), and Rao et al. (1994). These also represent an older set of
thermodynamic data and as such is not as complete as the set of data in the most recent data base
release, HMW_Am3Pu3Th4Np5_960823.CHEMDAT, as discussed in Appendix V.

7.3.3 Description of the HMW_NP_AM_RTEST.CHEMDAT File

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 some lines shown in the listing of
HMW_NP_AM_RTEST.CHEMDAT in Appendix I, the character strings FRSR89, FRF90,
PS76, P91, RFF92, RFFR92, RFF94, RRFF94, NR94, HMW84, and FW86 indicate the source
of the data. The key to citations is listed at the end of the file in Appendix I. These indicators
are not read by FMT, but serve merely to help with human interpretation of the file.

The standard chemical potentials for some species, i.e., lines 39-49 and 70-72 in Appendix I,
are described as “arbitrary.” The Table 9 lists the value, the lines where instances occurred, and
the definition of the value.

Table 9. Arbitrary Values Used for Standard Chemical Potentials

Arbitrary Example in Definition

Values Lines

-999.99 39,40, 70,72 | physical species that represent the only occurrence for that element, i.e., no
chemical reactions possible with the data base as specified

0 45, 46, 49 nonphysical species; included to facilitate the running of certain types of
problems

500. 42,43, 44,47, | species included for adjusting the hydrogen ion concentration when setting up

48 an input file, designed to completely dissociate within an equilibrium problem
999.99 77 species that may be added in future, but which are not allowed to form in a

solution (the character string DISABLED is appended to their name)
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The nonphysical species are included for convenience only. . For example, they facilitate the
addition of HCl(aq) to adjust the pH. To make sure these species are never calculated as being

present, they have been arbitrarily assigned the large positive value 500 for dimensionless
standard chemical potential.

In Table 10 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 10. CHEMDAT Input Parameters (Listing of HMW_NP_AM_RTEST.CHEMDAT

provided in Appendix 1.)
Line Variable Name Description
1-2 DBASEI, DBASE2 unique identification of the data base
4 TTLELEM, number of elements (positive integer); number of species (positive integer);
TTLSPEC, DUMMY, | unused flag; unused flag; extra echo printing flag (if user specifies ‘ECHO,’
DUMMY?2, then extra information will be printed); unused flag
DUMMY1,
DUMMY3
3 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 ("NONE’
TEMPERA, P(1), P(2) | means dimensionless); temperature in degrees Kelvin (real, 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 i element
11-12 MWELEM(i) molecular weight of i element
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14-140 NAMES(j), name of jth chemical species; stoichiometric number of each element in the

FORMULAC(,j), species and charge of species (last number); phase of the species (1=aqueous,

PHASE(j), 2=solid); standard chemical potential of the species (in the units indicated by

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

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

143 DUMMY2 character flag that enables the use of the Pitzer activity coefficient model
when equal to ‘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 862 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) '

148-419 | SE(i,,1) array of single electrolyte parameters
The notation for charges on each cation-anion interaction is

1 when either cation or anion has a charge of 1
2 when both cation and anion have a charge of 2
3 for all other cases.
SE(i,4,2) B® parameter for each cation-anion interaction
SE(i,j,3) B™ parameter for each cation-anion interaction
SE(ij,4) B® parameter for each cation-anion interaction
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SE(1,,5) c? parameter, but this is later converted to Cox (see equation A 4b, Harvie et

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

422-433 | ME(Gi4,1) for i>j, i and j are cation indices, cation-cation ternary interactions, eij

436-454 | MEGj,1) for i<j, i and j are anion indices, anion-anion ternary interactions, eij

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

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

755-760 | NEUCAT(,j) neutral-cation binary ion interaction pammetcrs i=neutral species index,
j=cation index, 3\,”

762-767 | NEUANI(,j) neutral-anion binary ion interaction parameters n—neutral species index,

: j=anion index, JL,j

769-851 | PTZTSI(i,j,k) neutral-cation-anion ternary ion interaction parameters, i=neutral species
index, j=cation index, k=anion index, c-'ijk

853-855 | ELMAP(1,i) maps the location in the species list to the order the Pitzer parameters were
entered (read in groups of 6): s
cation map

857-860 | ELMAP(2,i) anion map

862 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)} ,
etc. Similar patterns are used for anions and neutral species. 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.

**sCAUTION***
THE USER MUST NOT ALTER THE CHEMDAT FILE WHEN IT IS
BEING USED FOR WIPP PA CALCULATIONS.

864

DUMMY, NEQACT

character flag that, when equal to ‘EQUALACT", indicates that NEQACT
(positive integer) activity coefficients of “nonPitzer” species will be set equal
to activity coefficients of Pitzer species. For example, one could run '
calculations using both 22Na and 3Na (which would have to be declared as
separate elements in the element list), but instead of repeating all the ®Na
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.

866

RPLWCHG

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

867

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 2.3,
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868 DUMMY, NSBSTPM, | flags and parameters for specifying ion exchange reactions. The value
NSBSTRX, ‘IONEX’ means that ion exchange reactions are specified on NSBSTPM
DUMMY1 permanent substrates and NSBSTRX reactive (soluble) substrates. The value

for DUMMY 1 indicates what type of mass-action model to use for ion
exchange calculations. This feature is unsupported in FMT 2.3,

7.3.4 Description of OUTPUT Listing of HMW_NP_AM_RTEST.CHEMDAT

The lines echoing the CHEMDAT file listed in Appendix J were taken from the output file,
“BATCH_DOC.OUT”. Table 11 explains the CHEMDAT portion. The OUTPUT file for a
titrate problem will have the notation, “This is a TITRATION problem” for line 1289 and one
less line, because line 1291 will be omitted.

Table 11. OUTPUT File Description of CHEMDAT Input Parameters (See listing provided in

Appendix J.)
Line Variable Name Description
1 CHEMDAT file name
2 notation; FMT sets temperature to 298.15 Kelvin
3 TITLES9 problem title specified on line 1 of INPUT file with ‘FMT" and version
number appended
4-5 DBASEI1, DBASE2 unique identification specified on lines 1 and 2 of CHEMDAT file
7 ACCURCY convergence tolerance for equilibrium calculations, specified on line 5 of
CHEMDAT file
8 MINABU _ minimum elemental abundances for equilibrium calculations, specified on line
5 of CHEMDAT file. If the total number of moles of an element falls below
this value, the element is considered to be absent (see Novak, 1995a).
9 NAQ number of aqueous species in CHEMDAT
12 notation; species listed in order for Pitzer parameters
14-18 NCATION, NAMES | cation species: count followed by an ordered list
(ELMAP(1,1)) )
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20-25 NANION, NAMES anion species: count followed by an ordered list

(ELMAP(2,1))

27-29 NNEUTRL, NAMES | neutral species: count followed by an ordered list
(ELMAP(3,i))

33-308 table of cation-anion binary interactions and parameters
NAMES “Cation” species column
(ELMAP(1,1))
NAMES “Anion” species column
SE(i,),2) “Beta(0)” column, B‘? parameter for i cation, j* anion interaction
SE(i,),3) “Beta(1)” column, Bm parameter for ith cation, jth anion interaction
SE(i,j,4) “Beta(2)" column, B® parameter for i cation, j™ anion interaction
SE(i,,5) “Cphi” column, C? parameter for i*" cation, " anion interaction

ALPHACH (SE(i,j,1)) | “Alpha-Values” column (o, 0, ) string that states electrical charges on the
it" cation, j™ anion interaction (see Table 10, lines 148-419)

310-350 table of cation-cation ternary interactions and parameters
NAMES up to ten columns of cation names on a line after leading cation
(ELMAP(1,j))

NAMES name of leading i cation in the order listed on lines 16-18
(ELMAP(1,i))
ME(i,,1) cation-cation ternary interaction parameter, 8,

353-428 table of anion-anion ternary interaction and parameters
NAMES up to ten columns of anion names on a line after leading anion
(ELMAP(2,)))

NAMES name of leading i anion, in the order listed on lines 22-25
(ELMAP(2,1))

ME(iJ.J) anion-anion ternary interaction parameters, 8;;
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431-591 table of cation-cation-anion ternary interaction and parameters
NAMES up to ten columns of anion names on a line
(ELMAP(2,k))

NAMES two cation names

(ELMAP(1,1)),

NAMES

(ELMAP(1,))

PSI(i,j.k) cation-cation-anion ternary interaction parameter, Yy

593-977 table of anion-anion-cation ternary interaction and parameters
NAMES up to ten columns of cation names on a line
(ELMAP(1,k))

NAMES two anion names

(ELMAP(2,1)),

NAMES

(ELMAP(2,))

PSI(j,i k) anion-anion-cation ternary interaction parameter, ;,

979-994 table of neutral-cation binary interaction and parameters
NAMES up to ten columns of neutral species names on a line
(ELMAP(3,i))

NAMES ) j cation name and up to ten binary interaction values, A’.j
(ELMAP(1,))), '
NEUCAT(,j)

997-1019 table of neutral-anion binary interaction and parameters
NAMES up to ten columns of neutral species names on a line
(ELMAP(3,1))

NAMES ) j™ anion name and up to ten binary interaction values, 7‘;}
| (ELMAP(2,)),
NEUANI(,j)
1021- table of neutral-cation-anion ternary interaction and parameters

1284
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NAMES up to ten neutral species names in columns on a line
(ELMAP(3,1))
NAMES ) ™ cation and k™ anion names
(ELMAP(1,)),
NAMES
(ELMAP(2,k))
PTZTSI(ij.k) up to ten ternary interaction values, Q,-jk
1285 notation that Pitzer activity coefficient model is used
1286 ELNAME states name of element replaced by charge balance (see Table 10, line 866)
(RPLWCHG)
1289 notation that the problem is BATCH (If this were a titration problem, notation
would be that the problem is TTTRATION.)
1291 FORO88 file name for batch problem,; line omitted if titrate problem
1293 notation that FMT uses dimensionless gas constant
1294 TKELVIN temperature in degrees Kelvin, same as TEMPERA
1297 | ALLSPEC, number of species, number of elements
TTLELEM
1299- ELNAMES(i), name and molecular weight of i element
1322 MWELEM(i)
1325- listing of each species’ chemical properties
1440
i, NAMES(i) number and name of i chemical species
PSNAME (PHASE(i) | phase of the i species
MWSPEC(i) molecular weight of i species; computed as:
ZFORMULA(j,i)*MWELEM(j), where FORMULA(j,i) is the stoichiometric
number of j‘h element in the i species, MWELEM(j) is the molecular weight
of the j' element, index j runs through all elements, and index i runs through
all species
MUOFORM(i) standard chemical potential of the i species
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1443- _ table showing relationship of species to elements
1558
i, NAMES(i) number and name of i chemical species
FORMULA(j,i), stoichiometric number of each element in the i species
j=l.ttlelem .

7.4 Standard RHOMIN Input File

The input file RHOMIN, another data base file, 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_RTEST.RHOMIN, contains mineral densities in
units of kg/m3 or equivalently in g/L, pymingraLs. 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 2.3 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 2.3 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 in the next major update of FMT.

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

In Table 12, which describes the input parameters for HMW_NP_AM_RTEST.RHOMIN,
the “Variable Name” column is for the FMT program variables. FMT reads only the number on
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each line of HMW_NP_AM_RTEST.RHOMIN. The species name on the line is for human
readability and is not read by FMT.

Table 12. RHOMIN Input Parameters (See Appendix K for listing.)

Variable Name Description

1-66 RHOSPEC(i) density of the i mineral species
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8.0 ERROR MESSAGES

FMT has three ‘types of messages—fatal error messages, warning messages, and
informat.ion_a.l messages. A system error message pertaining to divide by zero that may occur is
also described after the section on fatal error messages.

In Table 13 all FMT messages are listed alphabetically with the type of message and a brief
description. More detailed explanations are given in Sections 8.1 through 8.4.

Table 13. FMT Messages

Abbreviated Message Message Brief Explanation
Type

AQ vio ... Informational | Next iteration of the equilibrium calculations will include this
aqueous species

BATCH CALCULATION Warning Change between the initial and final elemental abundances

ERRORS ... greater than | 10%

CANNOT FIND LOCATION |Warning =~ | CHEMDAT file does not have a “H+" species

“Charge” abundance is not ... | Fatal INPUT file has a nonzero charge value

check problem type ... Fatal INPUT file does not contain the words BATCH or TITRATE
where expected

divide by zero Fatal System error caused by insufficient water in the INGUESS file

DONT HAVE ANY Informational | Equilibrium calculations generated a set of species that have a

REACTIONS ... concentration value and can not react chemically among
themselves

End of Autotitration Problem | Normal Run | Normal termination for a titration problem

ERROR IN INITIAL Fatal Linear programming algorithm did not converge to produce an

ESTIMATE ... initial set of values for the root finding algorithm

“EXACT” mole amounts ... Warning Solution specified in the INGUESS file is not charge neutral

INPUT ERROR 10 ... Fatal Linear programming algorithm not coded correctly
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MASS BALANCE ERRORS | Warning Change between the initial and final elemental abundances
greater than | 105
MAXELEM= ... Fatal CHEMDAT file contains more elements than allowed
MAXSPEC=... Fatal CHEMDAT file contains more elements and species than
allowed
MUST PUT ALL AQUEOUS | Fatal CHEMDAT file has aqueous species after solid species
MU(ttl)= ... Informational | Equilibrium calculation has not converged after MAXIT
iterations, indicating that one or more reactions are not at
equilibrium
Negative Element or Species | Fatal INPUT file has a negative value for an element or INGUESS file
Abundance ... has a negative value for a species ' ;
“NEW T option ... Fatal CHEMDAT file contains the word “NEW T"
No Convergence on Equi ... Fatal Equilibrium root finding algorithm did not converge
PROBLEM TOO LARGE ... - | Fatal INPUT file has too many beakers for a titration problem
Species “H20" must be first ... | Fatal CHEMDAT file does not have “H20 ..." at the beginning of all
species '
SINGLE BATCH Normal Run | Normal termination for a batch problem
EQUILIBRATION
COMPLETED
SOLUBILITY PRODUCT Informational | Solubility product for a solid species exceeded (supersaturated)
VIOLATION ... during an iteration of the equilibrium calculations '
‘a number’ SOLUBILITY Informational | A count of the number of supersaturated solids per iteration
PRODUCT VIOLATIONS
Switching Routine Hung ... Informational | A species with a very small concentration has been added and
then deleted from the equilibrium calculations three times
To use TITRATE option ... Fatal INPUT file does not have one of these words: LINEAR, LOG10,
or ASREAD that specifies the amount allocated to each beaker
Trying to shift reaction ... Fatal Error message from coding




Pimes  [NFORMATION ONLY 2z

M
VALID CHARGE BALANCE | Fatal CHEMDAT file has a negative or zero value for the variable
ELEMENT NOT ... RPLWCHG
Was expecting the Fatal INPUT file does not have the word TITRATE following the
“TITRATE"... section of unused values

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°, the default value of which is 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 ... indicates 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 Error: "Charge" abundanceisnot...

i“t*******t**t*t*t********t*‘**ﬁ**t*t***'
[on unit 6]
"Charge" abundance is not numerically zero

[on screen]
"Charge" abundance is not numerically zero
or

"Charge" abundance is not numerically zero, INJECTED
or

"Charge" abundance is not numerically zero, INITIAL
[in OUTPUT file]

"Charge" abundance is not numerically zero
2222222222 2222ttt 2 2]

This error occurs when the last elemental amount in the INPUT file is greater than a numeric
zero, that is, plus or minus 1.0x103. The last line printed to the screen differs for batch and
titration problems. If the last word in the line following “numerically zero” states:

" 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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* no word, h problem; the last line in element list does not have a

zero charge specified
* “INJECTED” the first or titrant solution does not have a zero charge specified

« “INITIAL” the second or titrated solution does not have a zero charge
specified. '

To correct this problem, change the charge amount in the INPUT file to 0.0.

8.1.2 Error: check problem type...

2T 222 222 X222 2 R 2 222222 R 22 2 XX X 0 % 3
[on unit 6]
check problem type option: BATCH or TITRATE

[on screen]
CHECK PROBLEM TYPE SPECIFICATIONS

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

22222222222 2R 222222 iR s 2222 R

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

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: ERROR IN INITIAL ESTIMATE ...

22 2222222222222 22222ttt sl

[on screen]
ERROR IN INITIAL ESTIMATE DETERMINATION, INITGES

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

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

2222222222 22 2 22222 222222222ttt 8l

The linear programming routine could not find a set of species concentrations that satisfies
the material balance for the given input. The linear programming 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.
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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. Then develop and enter a set of species
concentrations that sum to the desired element totals and is charge-neutral. This will bypass the
linear programming algorithm.

8.1.4 Error: INPUT ERROR to...

Ak hrhhkkhk kbbbt bbb dddr b hdw

[on unit 6]
INPUT ERROR to FEASBL
NEQ.gt.IDIM .or. IDIMP1.1t.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

kbbb ddhddddhrddddddddddddddd

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.

Contact the code sponsors. This message indicates programming errors.

8.1.5 Error: MAXELEMz= 'value for...

khkkkkhkhkk ok d bbbk d ke b

[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

dhkdkdkdkdh kbR d kR dddrd e d ook ok ook

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

Contact the code sponsors to set a higher limit for MAXELEM. If running FMT outside of
WIPP, change the value set for parameter MAXELEM and recompile the code.

8.1.6 Error: MAXSPEC= "value for...

e e e de vk e de de de o g o e o e o o e e e e e e e e e e e e e e b e e e e e

[on unit 6]
MAXSPEC= 'value for MAXSPEC'
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TTLELEM= 'value for TTLELEM'

TTLSPEC= ‘'value for TTLSPEC'

Parameter Dimensions Too Small for this Problem'

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

[on screen]
MAXSPEC DIMENSION IS TOO SMALL

L2222 8RS R Rttt RS2SR

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.

Contact the code sponsors to set a higher limit for MAXSPEC. If running FMT outside of
WIPP, change the value set for parameter MAXSPEC and compile the code.

8.1.7 Error: MUST PUT ALL AQUEOUS...

whhhhhkbkhkhkbhh b hd bbb bbb ddhhdhd

[on screen]
MUST PUT ALL AQUEOUS SPECIES BEFORE MINERALS

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

22222222 22222222222ttt

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

In the CHEMDAT file, ensure that all aqueous species are declared before solid species.

8.1.8 Error: Negative Element or Species Abundance...

% de de gk % ok e g e ok ok ok e e e o o ok ok b ok ok e o ok o ok e e o ok e ok ok ok e e ok

[on screen]

Negative Element Abundance Entered
or

Negative Species Abundance Entered

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

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

‘element name' ‘'abund value'
STOPPING EXECUTION in ROUTINE FMT2PO
or
Negative element abundance given, INITIAL
'element name' ‘'abund value'

STOPPING EXECUTION in ROUTINE FMT2PO0
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or .
Negative species abundance in inguess file
‘species name' ‘'abund value'

STOPPING EXECUTION in ROUTINE FLASHIJ
ok ko o o o o o ok ok 6 3K 3k 3k Kok o o o K o KoK 3 o K R KR KoK

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 FMT”, the
‘TITRATE’ flag was set in the INPUT file. The first line of the error message
“Negative element ...” in the OUTPUT file tells which solution the fatal error is in—
the INJECTED solution is the first solution or titrant solution while the INITIAL is the

second solution, or the titrated solution.

The related 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

B ‘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
FLASHLJ”, the ‘TITRATE’ flag and the 'MOLES' 'EXACT' flags were set for either the
titrant or titrated solution by the INPUT file

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.




rn-

DI IFORMATION ONLYsrosor

January 9, 1997
Page 79

8.1.9 Error: "NEW T" option...

Ahkdhhhkhdbhdbdbhbdbhbhhdddddddrd bbbk dddhd

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

ARk hkhhhdkdhhhhbhdrhhrrht b hdhhhdddddhddd

This error occurs in the CHEMDAT file when the character string ‘NEW T" is set.

Change the character string to ‘tNEW T’ in CHEMDAT. The ‘NEW T’ feature is not
supported in this release of FMT.

8.1.10 Error: No Convergence on Equi...

dhdhbkhkdkhbdhdhhbdddrhhh kbbb A bbb d*

[on screen]
No Convergence on Equi Solid Suite

[in OUTPUT file]

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

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

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

W e v g v e e ok v ok ok v ke o o e e e b e e B e b v o e e e e e e ok e e ek e ok

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.)

Contact the code sponsors. The algorithm has checked at least 20 different sets of solids and
found no equilibrium solution. Either the problem is unusually 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 equilibn'ﬁm algorithm, this error has never occurred. If this error

occurs, try breaking the problem into pieces and approach the desired equilibrium systems
stepwise instead of all at once.

8.1.11 Error: PROBLEM TOO LARGE FOR...

dede e e de de ok ok o e e e o e e e o e e o e e e e ok e o e b o e e e e o e ke ok

[on screen]
PROBLEM TOO LARGE FOR SPATIAL ARRAY DIMENSIONS

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

NSPACE set to ‘value for NSPACE'

MWIDTH set to ‘value for MWIDTH'

MUST CONFORM TO THE FOLLOWING

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

MWIDTH*NSPACE+2 .LE. 'value for MXANDY'
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1122212 Y S 2 R ]

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

~ 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 Error: Species "H20" must be first . . .

**t*t******t*t*iﬁ*tt****t***t**i*t.t****
[on unit 6]

Species "H20" must be first species in list
Also, the first 3 chars. must be "H20"

[on screen]
FIRST SPECIES NAME IS NOT H20

22222222222ttt ittt iR R 2

This error occurs in CHEMDAT when the variable NAME(1) does hot contain the character
string H20 as the first 3 characters. The NAME variable is read on line 14 as printed in the
listing of HMW_NP_AM_RTEST.CHEMDAT (Appendix I).

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

8.1.13 Error: To use TITRATE option...

T 222222222 22222 R R RSS2 2222222222222 21
[on unit 6]
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 LOG1l0 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to
each beaker on a logarithmic scale.

[on screen]
Check Specifications for TITRATE Option

[in OUTPUT file]
To use TITRATE option, specify:
'TITRATE' 'LINEAR or LOG1l0' DVMIN DVMAX
where DVMIN and DVMAX are the minimum and maximum titrant volumes.
When LINEAR is used, multiples of DVMIN (mL) are added to each beaker.
When LOGl0 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to

each beaker on a logarithmic scale.
(T2 222222222 22223222 222 i 22222222 R 222 2
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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 6). '

Check that one of the permissible character strings LINEAR, LOGI10, or ASREAD 1s
enclosed in single quotes and listed after the TITRATE string in the line.

8.1.14 Error: Trying to shift reaction...

e L e R A R S T e eI
[in OUTPUT file]

Trying to shift reaction to the left, but
SMLPRD is .LE. 0.d0

[or]
Trying to shift reactlon to the right, but
SMLRCT is .LE. 0.d0

khkdkhdhdhdddkhbdhhrb bbbk bbb d b hddn

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).

This is an error message left from code development. Contact the code sponsor if this error is -
triggered; however, we expect that this error will not occur.

8.1.15 Error: VALID CHARGE BALANCE ELEMENT NOT ...

hhkhkkhhkdrhhhdkhhbhhdhdrdhdbhrdbhrhdhdddrdhd

[on screen]
VALID CHARGE BALANCE ELEMENT NOT SPECIFIED

[in OUTPUT file])

Need to specify the charge balance element
de e gk g g gk e e e ke vk e ke e ok e o de o o o g e o o ok e e e ok b e e ok e e e e

This error occurs in the CHEMDAT file when the variable RPLWCHG is negativel'or Zero.
The RPLWCHG variable is read on line 866 as a 2 (the element Oxygen) in the listing of
HMW_NP_AM_RTEST.CHEMDAT (Appendix I).

8.1.16 Error: Was expecting the "TITRATE" ...

(22 2222222222 ittt Rttt sttt

[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 (mL) are added to each beaker.
When LOG10 is used, volumes from DVMIN (mL) to DVMAX (mL) are added to
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each beaker on a logarithmic scale.

[on screen] -
second TITRATE flag incorrectly specified

[in OUTPUT file]
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 (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.

st de e o e o e e e ke e o e e i b e o e e i e ke i e e e b e e b e e o e e
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 6.)

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

8.2 System Error Messages

There is one system error message “divide by zero” that occurs because of insufficient water
in the INGUESS file to support the chemical reactions. When this occurs, the solvent H>0 has
been consumed in the chemical reactions, so that when the amount of water (which is now zero)
is used in the denominator of a divide operation, a “divide by zero” system error results, halting
FMT execution. The FOR088 file was not generated due to the abnormal termination. The

chemical system may be too complicated to solve as specified. Breaking the system into pieces
and using the INGUESS file may help.

8.3 Warning Messages

There are warning messages that indicate the calculated results are not valid.

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

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

8.3.1 Warning: BATCH CALCULATION ERRORS...

T2 2222222322222 222222222 222222222222 2 2 3
[on unit 6]
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BATCH CALCULATION ERRORS, L2 norm 'value for L2 norm'

SEE OUTPUT FOR MASS BALANCE ERROR 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 absolute
value of the differences between the initial and final abundances)
MASS BALANCE ERROR INSTRUCTIONS

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

easiest way to try to fix the problem
(22 232222 R sttt xR R o 0 8 & 0 & &

This message warns that material balance errors are present during the flash calculation. This
message occurs when element abundances, including charge, change by more than 10 (relative

or absolute depending on totals) during an equilibration. FMT prints the above message and
continues on to the next flash in a titration problem.

When this error is triggered, it usually means that modifications to the CHEMDAT file were
made incorrectly.

8.3.2 Warning: CANNOT FIND LOCATION OF ...

de e de de de de ok e ok e de gk gk ok e e e e g e g e e e e e e e e e e e e o e e e e

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

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

hhkhkhkhdkhhkr bbb dhbdbhbrhbrrdhdrhddddkdddd

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 only effect of this --
warning is that pH and pmH values will not be printed. This warning occurs if the H+ species is
renamed such that the first 2 characters are not H+.

8.3.3 Warning: "EXACT" mole amounts...

T 22222223 22 22222 2 s 222222222 X222 22 R 22 2 2

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

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

neutrality. - The absolute value of the charge must equal or exceed 1.0x10™ for this error to
“occur. N

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

8.3.4 Warning: MASS BALANCE ERRORS...

T 222223222 22X 222222222222 222222222221
[on unit 6]
MASS BALANCE ERRORS at ISPACE= 'value of Erlenmeyer solution'

_**i******t******t**t***ti***t**********
See explanation in Section 8.3.1.

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 ofmu'...

I"**********‘"""**"**'********!’*t**‘
[in OUTPUT file]

AQ vio 'value of mu' ‘'species name' 'name index number'
ITEXEEZ TR 22222 2222222222t 2 22222

This message indicates that an aqueous .species is not at equilibrium, and that -it will be
included in the next round of equilibration calculations. The message is triggered when the
species activity is calculated to be greater than MINABU x 10 (usually 104,

8.4.2 DONT HAVE ANY REACTIONS....

T2 22222222 2222222ttt il il
.
[on unit 6] .
T 2222 2222222222222 222 X2 22X 222 X2 2222222222222
T Iz 2222222 22 R 2 R R R 2 S22 2222222222222

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

khkhkkhkhhhbhbdbdhhbddrhhh bbb dh bbbk dhddhdd
o vk ok g ok g o o ok o ok v o o o o b ok o o o o o o o o ok e ok o o e e e o o e ok e o o o e o e e

[in OUTPUT file]
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kb dkkdhhdbhbbdhdhhhhd kbbb Ak dddhokdh
LA A SRS R Rttt R sl xR 2R X222 2 23

**** DONT HAVE ANY REACTIONS TO EQUILIBRATE ***
*%*x***x BUT CONTINUING CALCULATION ANYWAY *#****«

khkhkthkkhrhd kbbb bbbk dhk
khhkkhkhkhkdbhdhhbdddbhdr bbb bbb hhdhddhd
(2222222 R 22222222222t Rttt

This message occurs when there are no possible chemical reactions among the species with

nonzero concentrations. This can occur during the normal process of solving the equilibrium
system.

8.4.3 MU(tt)= "'value of mu'...

IZ 2223222 2R AR 2 i ittt sttt it S 8 8 23
[on unit 6]
MU(ttl)= 'value of mu' x 'value of Erlenmeyer solution'

[in OUTPUT file]

nonconvergent elemental abundances

MU(ttl)= 'value of mu' x 'value of Erlenmeyer solution'
table of element abundance

'value for abund(i)' 'value for elnames (i)'
T2 2 2222222222222 X2 2222222222222 222221

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.

Often this message occurs at intermediate stages on the approach to the equilibrium composition,
and final results are at equilibrium.

8.4.4 SOLUBILITY PRODUCT VIOLATION...

ST X 22222222 2222222t i Rttt Rt Sl Sl

[on unit 6]
*xkxkw******SOLUBILITY PRODUCT VIOLATION*****&wsuwas
'species name' ** 'value of mu' **

[in OUTPUT file]
*hkkk Ak * k2 **SOLUBILITY PRODUCT VIOLATIONH***%*% kst

'species name' ** 'value of mu' **
' T22222 222322222 2 22222222 22 222 2222 22 S 22

This message occurs during execution of a batch problem when the solubility product of a
mineral is exceeded. This message refers to FMT’s normal algorithmic attempts to find the
equilibrium suite of solid phases.

8.4.5 'count of ' Solubility Product Violations. ..

22222222 S22 222 R st st d
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[on unit 6]
‘count of Solublllty Product Violations
Adding solid 'name of solid species most oversaturated'

[in OUTPUT file]
‘count of ' Solublllty Product Violations

Adding solid 'name of solid species most oversaturated'
22222222 S22 2222222t d it sl S S

This message occurs during execution of a batch problem whenever one or more solid
species are supersaturated. The solid that is calculated to be the most supersaturated will be
included in the next round of equlibrium calculations.

8.4.6 Switching Routine Hung. ..

_***ﬁ*********it‘l‘t‘l‘t‘l*it*i*t*t*l‘****t***
[on unit 6]

Switching Routine Hung, Ending Batch #: ‘beaker number of Erlenmeyer solution’
Y22 222222222 SRR 2222222t ittt s ]

A species has a calculated concentration right on the boundary between existing and not
existing (MINABU value multiplied by 1.0x10®) 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

-24

“existing” and “not existing” is very low (1.0x10™", about 1 moiety per kg H,0), this message

has no consequences.
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9.0 DESCRIPTION OF OUTPUT FILES

FMT generates a primary OUTPUT (.OUT) file and the secondary output files as shown in
Figures 1 and 2 in Section 6.1. Secondary output files vary according to 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 is the secondary file for titrate problems.

9.1 OUTPUT

For both batch and titration calculations, the primary file OUTPUT (.OUT) file lists the
problem identity, echoes the CHEMDAT file, and contains a summary of element

concentrations, species concentrations, and equilibrium parameters for each flash calculation
performed. :

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

9.1.1 Batch Problem

Table 14 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.
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Table 14. OUTPUT File Description for Batch (See Appendix L for sample listing.)
Line | Variable Name Description
1 INFNM INPUT file name
2 INGFNM INGUESS file name
3 OUFNM OUTPUT file name
i . = 4 CHFNM CHEMDAT file name
S notation; FMT sets temperature to 298.15 Kelvin
6 TITLE99 problem title specified on line 1 of INPUT file with ‘FMT’ and version number
appended
7-8 DBASEI1, unique data base identification specified on lines 1 and 2 of CHEMDAT file
DBASE2 : -
10-13 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.

15-27 _ this section contains computation status indicators printed during calculations to
find the equilibrium system )

21-24 | NAMES(i), MU(i) | at the end of the first convergence loop, the solids brucite and magnesium
oxychloride “MgOxychloride,” were oversaturated, and thus the system was not at

equilibrium
26 NKSPVIO number of solubility product violations for solids (minerals)
27 NAMES() postulated that brucite was present in the equilibrium system, and thus added to the

equilibrium calculations

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

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

29-31 | TITLE99, problem title and CHEMDAT input file (Appendix I) identification
DBASE],
DBASE2




FMT, Version 2.3

SPRHO-1.)x100

WPO # 43037
User's Manual, Version 2.3 January 9, 1997
_ Page 89
132 PRESSUR, pressure and temperature for batch problem
TEMPERA
34-61 table of Elemental Abundances
ABUND(i) “Total Moles™ column contains the exact number of moles for each element as
read from the INPUT file, or as calculated from species abundances as read from
the INGUESS file .
AQMOLES(31)/ “Aq. Molality” column is the total molality for each element in the aqueous phase
KGH20
AQMOLES(i)/ “Aq. Molarity” column is the total molarity for each element in the aqueous phase.
"| SOLNVOL This number is calculated from the solution density, as discussed in this table on
lines 63-76.
AQMOLES(i)/ “Aq. mg/liter” column is the total aqueous element concentration in milligrams per
SOLNVOLX liter
MWELEM(i)
%1000
ELNAMES(i) identifies the element name corresponding to the row of values in the table
63-76 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 38) to calculate solution density from total .
dissolved solids (TDS).
64-66 | SOLMASS, values calculated from equilibrium compositions
KGH20x1000,
TDSGPKG
69 SPRHO density specified in the INPUT file for titrate problems. For BATCH problems the
solution density from the NaCl correlation is automatically used.
72-73 | SOLNVOL, TDS | calculated values based on specified density on line 69
5 DENSITY(2, density calculated by FMT using the NaCl correlation
TDSGPKG)
76 (DENSITY(2, difference between the specified density (line 69) and the density calculated by
TDSGPKG)/

FMT which will always be zero for BATCH problems
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80- table listing detailed information about the $pecies in the equilibrium problem.

164 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 59 is zero, so no detailed information is given for phosphorus
species.

NAMES(i) - “Species Name" column

MOLAL'_I'Y(i) “Molality” column contains the species molality, moles per kg H,0, for all species

or for solids: including solids. However, the entry for water is not molality of water, which is

NMOLES(iy/ invariant, but the mole fraction H,O in the aqueous phase, as noted on line 173

NMOLES(1)/ s B it

MWH20

LNGAMA(i)x “Activity” column is the product of the “Molality” and “Act Coef” columns or is

MOLALTY(i) defined to be 1 for solids

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

1.0 for solids by definition for solids

NMOLES(i) “Total Moles” column is the total number of moles for the i species

NMOLES()/ “Molarity” column is the volume-based concentrations calculated from the

SOLNVOL “Molality” column using the solution density described above on lines 63-76

NMOLES(@)/ “mg/liter” is the volume-based concentrations calculated from the “Molality”

SOLNVOLXx column '

MWSPEC(i)x

1000

MU()/LN10 “descriptor” column has various meanings, as stated in the notes on lines 175-179
166 PHVECT pH: the negative base 10 logarithm of hydrogen ion activity

-(NMOLES pmH: the negative base 10 logarithm of hydrogen ion molality

(NPROTONY/

NMOLES(1)/

MWH20)

167 OsSM osmotic coefficient, a value related to the activity of water; a value calculated from
the Pitzer equations

168 LNGAMA(1)x100 | equilibrium relative humidity, equal to 100% times the water activity
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169 IONICST

ionic strength, in molal units, defined as zizmi » Where z, is the charge on the
i=2

i species, m, is the molality of the i species, and index i runs from species 2

through all aqueous species, with species 1 defined as H,O

170 SPRHO solution density, calculated as described on lines 63-76

171 fugacity and log of fugacity of CO,(g) (see derivation in Appendix U)

173- notes defining water and gas molality

174

175- notes describing the descriptor column in table of concentrations for batch sysl;m
179

181 TCHEMPOT(i)x | the total dimensionless Gibbs free energy for the solution; the quantity that is
NMOLES(i) minimized to find the equilibrium composition

183 NINVERS total number of times the diagonalized Hessian matrix system of equations was
solved; for batch problem, this value is the same as ALLITER on line 28

184 ICNT number of times the species list was changed for computational purposes in the
minimization algorithm

In the BATCH_DOC.OUT file on lines 34-61, the first table in the file gives the elemental
abundances in various units. The first column “Total Moles” provides the basis for computation,
i.e., the amount of each element, independent of phase, including hydrogen and oxygen. It is
convenient to specify material on an approximately 1 kg H,O basis (~55.5 moles H,O0). The
second column “Aq. Molality” (Ag. means aqueous) gives 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. “Aq.” means
aqueous.

The second table, Table of Concentrations for Batch System, on lines 80-164 lists 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
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“Air”, “TracerEl”, “Th(IV)”, etc. in this list. These species are sorted in approximate order of
decreasing molality.

The descriptor serves several functions. First, it is the value that is actually tested for
convergence (note that all values of the descriptor are less than the 107 as specified in line 7 of
the output file listing for the CHEMDAT file; see Appendix J). The component species, lines
84-93, do not have descriptors because these are species from which all other species are formed
by chemical reaction. (This quickly leads into an arcane discussion of the algorithm used to
calculate equilibrium. The interested user should refer to Smith and Missen (1991), particularly
Chapter 6.) The descriptor values given for noncomponent species, lines 94-104, all have
absolute values less than 107, thus indicating convergence. The remaining species, lines 105-
164, 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 178 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 H,O would have a
molal concentration of 1.6x1072* 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 7.3.3), these species
are nonphysical and included for convenience only.

9.1.2 Titrate Problem

Table 15 explains the printout for a titrate problem using the OUTPUT file generated from
executing Np_NaCl_BM_LOG, Np_NaCL_BM_LIN and Np_NaCl_BM. The “Line” column
refers to the line numbers listed in Np_NaCl_BM_LOG.OUT. “Variable Names” column shows
FMT’s program names and some formulas.
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Table 15. OUTPUT File Description for Titrate (See Appendices M, N, and O 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 file name

2 INGFNM INGUESS file name

3 OUFNM OUTPUT file name

4 CHFNM CHEMDALT file name

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

10- most information in lines 10-309 corresponds to the OUTPUT file listing of the

309 CHEMDAT portion as provided in Appendix J and is described therein

10-12 repeat of lines 7-9 in OU'I'i’UT file for CHEMDAT (Appendix J)

14 notation, user selects data base not to echo in OUTPUT file

16-33 ; repeat of lines 12-29 in OUTPUT file for CHEMDAT (Appendix J)

36-37 repeat of lines 1285-1286 in OUTPUT file for CHEMDAT (Appendix J).

40 notation, FMT has a titration problem

43- repeat of lines 1293-1559 in OUTPUT file for CHEMDAT (Appendix J)

309

311 RHFNM RHOMIN file name

312- summary information for the titrant solution flash calculation

405

406- summary information for the Erlenmeyer solution flash calculation _

503
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504 notation; first beaker of Erlenmeyer solution

505- summary information for the first beaker (same as Erlenmeyer solution when

602 corrected for different volumes) 2

603 notation; second beaker of Erlenmeyer solution

604- summary information for addition of DV(2) to 1 liter of the Erlenmeyer solution
1701

702 " notation; third beaker of Erlenmeyer solution

703- summary information for addition of DV(3) to 1 liter of the Erlenmeyer solution

800 : .

801 notation; fourth beaker of Erlenmeyer solution

802- summary information for addition of DV(4) to 1 liter of the Erlenmeyer solution

899

900 notation, fifth beaker of Erlenmeyer solution

901- summary information for addition of DV(5) to 1 liter of the Erlenmeyer solution

998 \ '

999 notation; sixth beaker of Erlenmeyer solution

.1000- summary information for addition of DV(6) to 1 liter of the Erlenmeyer solution

1097

1098 notation; seventh beaker of Erlenmeyer solution

1099- summary information for addition of DV(7) to 1 liter of the Erlenmeyer solution

1196 .

1197 notation; eighth beaker of Erlenmeyer solution

1198- summary information for addition of DV(8) to 1 liter of the Erlenmeyer solution

1295 '

1296 notation; ninth beaker of Erlenmeyer solution

1297- | summary information for addition of DV(9) to 1 liter of the Erlenmeyer solution

1394

1395 : notation; tenth beaker of Erlenmeyer solution
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1396- summary information for addition of DV(10) to 1 liter of the Erlenmeyer solution
1493
1494 notation; eleventh beaker of Erlenmeyer solution
1495- summary information for addition of DV(11) to 1 liter of the Erlenmeyer solution
1592
1593 notation; twelfth beaker of Erlenmeyer solution
1594- summary information for addition of DV(12) to 1 liter of the Erlenmeyer solution
1691
1692 notation; thirteenth beaker of Erlenmeyer solution
1693- summary information for addition of DV(13) to 1 liter of the Erlenmeyer solution
1790
1791 notation; fourteenth beaker of Erlenmeyer solution
1792- summary information for addition of DV(14) to 1 liter of the Erlenmeyer solution
1889
1890 notation; fifteenth (last) beaker of Erlenmeyer solution
1891- summary information for addition of DV(15) to 1 liter of the Erlenmeyer solution
1988 '
1989 | TIFNM TITRATE file name
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 16 explains the FOR088 file generated from a
batch problem. The “Line” column refers to the line numbers listed in BATCH_DOC.FORO088.




o NFORMATION ONLY ...

User's Manual, Version 2.3 anuary 9,-1997
Page 96

Table 16. FORO088 File Description for Batch (See Appendix P for sample listing.)

Line | Variable Name Description

1-115 | NMOLES(iy moles of the i species normalized to 1 kg H,O (numericall ivalent to molali
NMOLES(1Y slpec ' i g H,O (numerically equivalent to molality)
MWH20 where nmoles(i) * kg H,O
NMOLES(2) same | | nmoles(H,0) * mwH,O
as NMOLES(H,0)
NAMES(i) the i species names
NMOLES(i) total number of moles for the i species

9.3 TITRATE

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

Table 17 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 R and S, respectively.

Table 17. TITRATE File Description (Appendix Q)

Line | Variable Name Description

1-3 TITLE99, problem title and CHEMDAT identification
DBASEI, .
DBASE2
5-20 |}, DV()*1.d3 j™ beaker and titrant volume added to j™ beaker
23- table of all species molal concentrations
245

NAMES(i) up to nine columns of species names on a line
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J, SPMOLES(ij)/ | j' beaker and species molal concentratioii
ACONST()
247- |}, IONICST() ™ beaker and ionic strength
262
DV(j)*1.d3 titrant volume
PHVECT pH of solution
-(NMOLES pmH: the negative base 10 logarithm of hydrogen ion molality
(NPROTON)/
NMOLES(1)/

MWH20)
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Appendix A: Sample Screen Display of BATCH_DOC

1 Enter chemdat file name to search on: np_am

2 Enter rhomin file name to search on: np_am

3 Enter input file name (without .extensiocn): batch_doc
4 RCMS-I~-LIBIS, library is WPSNONPA_CMSROOT: [FMT)]

§ §CMS-S-LIBSET, library set

6 ~-CMS-I-SUPERSEDE, library list superseded

[

8 Elements in CMS Library WPSNONPA_CMSROOT: [FMT)

E

10 PMT_HMW_NP_AM.CHEMDAT *"Initial load*

11 FMT_HMW_NP_AM_960823.CHEMDAT *CHEMDAT DATABASE FILE FOR FMT 2.2 REGRESSION TESTING®
12 FMT_HMW_NP_AM_F60.CHEMDAT "Initial load*

13 FMT_HMW_NP_AM_RTEST.CHEMDAT *“CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING"
14 Select CHEMDAT name from list above: FMT_HMW_NP_AM_RTEST.CHEMDAT

15 Your CMS library list consists of:

16 WPSNONPA_CMSROOT: [FMT)

17

18 #CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT]FMT_HMW_NP_AM_RTEST.CHEMDAT fetched
1% J r

20 Elements in CMS Library WPSNONPA_CMSROOT: (FMT]

21

22 PMT_HMW_NP_AM.RHOMIN *Initial load"

23 FMT_HMW_NP_AM_960B823.RHOMIN *"RHOMIN DATABASE FILE FOR FMT 2.2 REGRESSION TESTING"
24 FMT_HMW_NP_AM_RTEST.RHOMIN *RHOMIN DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING"
25 Select RHOMIN name from list above: FHT_JW_HPMBST RHOMIN

26 Your CMS library list consists of:

ar WPSNONPA_CMSROOT : [FMT) -
28

28 ¥CMS-S~-FETCHED, generation 1 of element WPSNOMPA_CMSROOT: [FMT)FMT_HMW_NP_AM_RTEST. HHOI!I.N fetched
30 Enter *Y" or "y" to echo database in OUT file: y

3N

image name: *FMT_PA97"

image file identification: *P PAS7 2.3*

image file build identification: **

link date/time: 1-APR-1597 09:55:34.40

linker identification: *All-14*

Y8288

38 DG_BYPASS flag set to nDG_BYPASS
39 [.FD.TITRATE] BATCH_DOC.in; to illustrate/document *BATCH® runs PMT V2.3
40 DATABASE: HMWB4/FW86; Np(V)-Na-CO3-OH-C1-Cl04 (NR94);

4195.01.31 Am(III)-Na-Cl-CO3-S04-PO4 (FRSRB9,FRF30,P91,RFFR92,RFF34,RRFF94)
&2

43 Accuracy of reactions is 1.0000E-06
44 Minimum elemental abundance is 1.0000E-18
45 Number of Agueous Species is 50

45

47 ACTIVITY COEF. FLAG PITZACT

48 Finished do 10: read b(0) b(l) b(2) cphi
49 Pinished do 20: read theta(c,c)

50 Finished do 30: read thetal(a,a)

51 Finished do 40: read psi(c,c,a)

52 Finished do 50: read psi(a,a,c)

53 Finished do 55: . read neucat(n,c)

54 Pinished do 65: read neuani(n,a)

G5 Finished do 66: read ptztsi(n,c,a)

50 using PITZER ACTIVITY COEFFICIENT model
57 Charge Balance replaces element Oxygen

58

59 Char Flags: FLOW/BATCH/TITRATE: BATCH UNUSED
60 this is a BATCH problem

@1

62 Echo o! Mole Specifications: nMOLES NEXACT
63 ECHO PRINT OF ELEMENT ABUNDANCES IN ONEFLSH
84 110.222364000000 Hydrogen

65 55.1654821000000 Oxygen

66 0.200000000000000 Sodium

67 1.000000000000000E-002 Potassium

62 1.000000000000000E-003 Magnesium

63 1,000000000000000E-004 Calcium

70 0.110000000000000 Chlorine

71 1.000000000000000E-003 Sulfur

72 1,000000000000000E-004 Carbon

73 0.000000000000000E+000 PosIon

74 0.000000000000000E+000 NegIon

75 0.000000000000000E+000 Air

76 1.000000000000000E-007 Boron

77 0.000000000000000E+000 Bromine

78 0.000000000000000E+000 TracerEl

79 0.000000000000000E+000 Th(IV)

80 0.000000000000000E+000 Am(III)

21 0,000000000000000E+000 U(VI)

82 0.000000000000000E+000 Np(V)

83 0.000000000000000E+000 C104~(EL)
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Appendix A: Sample Screen Display of BATCH_DOC

84 0.000000000000000E+000 Phosphorus
0.000000000000000E+000 Electron

85

80 4.906053920000000E-017 Charge

87 .LT. (MINABU*1.d-6) moles NaBO2.NaCl.2H20___Teepleite_(20_C); del&switch
86 .LT. (MINABU*1.d-6) moles NaB508.5H20_____Sodium_Pentaborate; del&switch
89 ,LT. (MINABU*1l.d-6) moles NaOH(ag)...... to.titrate.base.only; del&switch
80 .LT. (MINABU*1.d-6) moles HCl(ag)....... to.titrate.acid.only; del&switch
81 .LT. (MINABU*1.d-6) moles K2B407.4H20___K-Tetraborate_(30_C); del&kreopt
92 .LT. (MINABU*1.d-6) moles B405(OH)d= B4O5(0H) 4=; delkreopt
83 .LT. (MINABU*1.d-6) moles KBH6(S04)7__________  Migenite; del&reopt
84 LT, (MINABU*1.d-6) moles KBH4(CO3)6.3H20___K-Sequicarbonate; del&switch
85 .LT. (MIMABU*1.d4-6) moles B303 (OH)4- B303 (OH) 4-; del&switch
96 .LT. (MINABU*1.d-6) moles CadCl2(OH)6.13H20__CaOxychloride A; del&switch
g; .."'.....'.SOLUBILITY m nouﬂlrmﬂt'.tt'...tl.

89 ** Mg(OH)2 Brucite ** 1,00E+01 *+

:% AR RER AR ..somlLIw Pmch VIOIATION-'“""""'

102 ** Mg2Cl(OH)3.4H20_____  MgOxychloride ** 6.69E+00 **

103

104 2 Solubility Product Violations

105 Adding solid Mg(OH)2 Brucite

106 .LT. (MINABU*1.4-6) moles NaOH(ag)......to.titrate.base.only; del&switch
107 .LT. (MINABU*1.d-6) moles HCl(ag)....... to.titrate.acid.only; del&switch
108 .LT. (MINABU*1.d-6) moles B40S(OH)d= B405(0H)4=; delkswitch
108 .LT. (MINABU*1.4-6) moles B303(OH)d4- B303 (OH)4~-; del&switch
110pH (-loglaH+]); pmH(-log(mH+]) 12.8532 12.7140

111 £cO2 (g) ; log(£CO2(g)]= 6.983E~-13

112 Total Diagonal Inversions
112 Total Stoichiometric Reoptimizations 9
114 SINGLE BATCH EQUILIEBRATION COMPLETED

84

-12.2
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

1 Enter chemdat file name to search on: np_am

2 Enter rhomin file name to search on: np_am

3Enter input file name (without .extension): np_nacl_bm_ log
4 $CMS-I-LIBIS, library is WPSNONPA_CMSROOT: [FMT]

5 $CMS-S-LIBSET, library set

6 -CMS-I-SUPERSEDE, library list superseded

r
g Elements in CMS Library WPSNONPA_CMSROOT: [FMT]
8

10 PMT_HMW_NP_AM.CHEMDAT *Initial load*

11 FMT_HMW_NP_AM_960823 . CHEMDAT "CHEMDAT DATABASE FILE FOR FMT 2.2 REGRESSION TESTING®

12 FMT_HMW_NP_AM_F60.CHEMDAT "Initial load"

13 FMT_HMW_NP_AM_RTEST.CHEMDAT °*CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING*®

14 Select CHEMDAT name from list above: FMT_HMW_NP, . CHEMDAT

15 Your CMS library list consists of:

16 WPSNONPA_CMSROOT: [FMT)

17

:g ACMS=S=FETCMED, generation 1 of alemant WPSNOMPA_CMSROOT: [PMT]PHT_IDM_MP_AM _RTEST. CHEMBAT !ehch-d
1
20 Elements in CMS Library WPSNONPA_CMSROOT: [FMT)

21

22 FMT_HMW_NP_AM.RHOMIN *Initial load-*

23 FMT_HMW_NP_AM_960823 .RHOMIN "RHOMIN DATABASE FILE FOR FMT 2.2 REGRESSION TESTING"

24 FMT_HMW_NP_AM_RTEST.RHOMIN "RHOMIN DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING®

25 Select RHOMIN name from list above: FMT_HMW_NP_AM_RTEST.RHOMIN

26 Your CMS library list consists of:

g; WPSNONPA_CMSROOT: [FMT)

28 RCMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT)FMT_HMW_NP_AM_RTEST.RHOMIN fetched
30 Enter "Y" or "y" to echo database in OUT file: n

9

R image name: "PMT_PA97*

33 image £ile identification: "P PAS7 2.3°*
34 image file build identification: **

35 link date/time: 1-APR-1997 09:55:34.40
30 linker identification: *All-14*

ar

38 DG_BYPASS flag set to nDG_BYPASS

39 Benchmark TITRATE Problem, LOG10 option; Np(V)02 with CO3 in 5.6lmolal NaCl FMT V2.3
40 DATABASE: HMWB4/FWB6; Np(V)-Na-CO03-OH~C1l-ClO04 (NR94);

41 95.01.31 Am(III)-Na-Cl-C03-504-PO4 (FRSRB89,FRFS0,P91,RFFR92, msc RRFF94)

a2

43 Accuracy of reacticml 1' 1.0000E-06 '
44 Minimum el al is 1.0000E~18

45 Number of Aqueous Specles is s0

a6

47 ACTIVITY COEF. FLAG PITZACT

48 PITZER Data Base NOT Echoed in this Run
49 Finished do 10: read b(0) b(l) b(2) cphi
50 Finished do 20: read theta(c,c)

51 Finished do 30: read theta(a,a)

52 Pinished do 40: read psi(c,c,a)

53 Pinished do 50: read psi(a,a,c)

54 Pinished do 55: read neucat(n,c)

85 Finished do 65: read neuani(n,a)

50 Finished do 66: read ptztsi(n,c,a)

57 using PITZER ACTIVITY COEFFICIENT model
56 Charge Balance replaces element Oxygen

58

60 Char Flags: FLOW/BATCH/TITRATE: TITRATE EXPLICIT
61 this is a TITRATION problem

62

63 Character Flags: J.C. nMOLES nEXACT

64 Character Flags: I.C. nMOLES nEXACT .

65pH (-loglaH+]); pmH(-log[mH+]) 11.7497 11.6199

66 £C02(g); loglfCo2(g)l= 2.171E-07 -6.66
67 pH (-log(aH+)); pmH(-log(mH+]) 5.3205 5.9141

68 £CO2(g); logl(fco2(g)l= 3.400E-02 -1.47
69 TITRATION Character Flags

70 cduml= TITRATE cdum2= LOG10

71  First Volume Added = 0.10 mL

72° Final Volume Added = 10.00 mL

73

74pH (-loglaH+]); pmH(-log(mH+]) 5.3208 5.9141

75 £C02(g); loglfco2(g)]= 3.400E-02 -1.47
76 pH (-log(aH+]); pmH(-log(mH+]) 5.6451 6.2386

77 £C02 (g) ; logffco2{g)l= 2.716E-02 -1.57
78pH (-loglaH+]); pmH(-loglmH+]) 5.9936 6.5870

79 £CO2(g) ; 109[!(.‘02(9‘”" 1.847E-02 -1.73
80pH (-log(aH+]); pmH(-log(mH+]) 7.9427 B8.5360

81 £C02(g); log(fcO2(g)l= 3.555E-04 -3.45
82 pH (-log(aH+]); pmH(-log(mH+]) B.B722 9.4653

83 £C02(g); log(fcoz(g)l= 4.250E-05 -4.317
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Appendix B: Sample Screen Display of Np_NaCl_BM_LOG

84pH (-log(aH+]); pmH(-log[mH+])
85 £CO2(g): loglfCO2(g)]=

86 pH (-loglaH+]); pmH(-log(mH+])
B7 £C02(g); loglfCO2(g)]l=

88 pH (-log(aH+]); pmH(-log[mH+])
89 £C02 (g); loglfcO2(g)l=

e0pH (-loglaH+]); pmH(-log(mH+])
91 £C02(g): logl(£fCO2(g)l=

(. 92pH (-loglaH+]): pmH(-log(mH+])
93 £C02(g); logl£CO2(g)l=

B4 pH (~logl(aH+)); pmH(-log(mH+])
85 £C02(g); loglfco2(g)l=

95 pH (-log(aH+)); pmH(-log(mH+])
o7 £C02(g); logl[£CO2(g)l=

82 pH (-log(aH+)); pmH(-log(mH+))
49 £C02(g); logl£Co2(g)]=

100 pH (-loglaH+]); pmH(-log(mH+])
101 £C02(g); log(£CO2(g)]=

102 pH (-log(aH+]); pmH(-log[mH+])
103 £C02(g) ; log(£C0O2(g)]=

104 End of AutoTitration Problem

9.
9.
9.

9

10.
10.
10.
10,
10.

2225
4655
6719

.8493
10.

0098
1578
2955
4243
5454
6594

9.
10.
10.
10.
©10.
.7468
10.
il.
11.
11.

10

8154

0620
2640
4406
6002

8825
0086
1257
2341

MO W o =) e e

b
1.

.922E-05
.108E-05
.112E-06
.873E-06
.501E-06
.614E-06
.019E-06
1.

608E-06
317E-06
106E-06

.72
.96
.15
.31
.46
.58
.69
.79
.88
.96
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Appendix C: Sample Screen Display of Np_NaCl_BM_LIN

1 Enter chemdat f£ile name to search on: np_am

2 Enter rhomin file name to search on: np_am

3 Enter input file name (without .extansion): np_nacl_bm_lin
4 RCMS-I-LIBIS, library is WPSNONPA_CMSROOT: [FMT)

5 4CMS-S5-LIBSET, library set

?-C:I-LE-I-SUPBRSBDB. library list superseded

8 Elements in CMS Library WPSNONPA_CMSROOT: (FMT]

8

10 FMT_HMW_NP_AM.CHEMDAT "Initial load*

11 FMT_HMW_NP_AM_960823 . CHEMDAT “CHEMDAT DATABASE FILE FOR FMT 2.2 REGRESSION TESTING®
12 FMT_HMW_NP_AM_F60.CHEMDAT *"Initial load"

13 FMT_HMW_NP_AM_RTEST.CHEMDAT *“CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING*
14 Select CHEMDAT name from list above: FMT_HMW_NP_AM_RTEST.CHEMDAT

15 Your CMS library list consists of:

16 WPSNONPA_CMSROOT : [FMT)

18 $CMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT)FMT_HMW_NP_AM_RTEST.CHEMDAT fetched
19

20 Elements in CMS Library WPSNONPA_CMSROOT: (FMT)

21

22 FMT_HMW_NP_AM.RHOMIN *Initial load®

23 PMT_HMW_NP_AM_960823 .RHOMIN "RHOMIN DATABASE FILE FOR FMT 2.2 REGRESSION TESTING®
24 FMT_HMW_NP_AM_RTEST.RHOMIN “RHOMIN DATA BASE FILE FOR PMT 2.3 REGRESSION TESTING"
25 Select RHOMIN name from list above: FMT_HMW_NP_AM_RTEST.RHOMIN

26 Your CMS library list consists of:

27 WPSNONPA_CMSROOT : [FMT)

28

28 RCMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [PMT)FMT_HMW_NP_AM_RTEST.RHOMIN fetched
30 Enter "Y" or "y® to echo database in OUT file: n

3

image name: *“FMT_PA97*

image file identification: *P PA97 2.3*

image file build identification: **

a5 link date/time: 1-APR-1997 09:55:34.40

: linker identification: "All-14*

aF

38 DG_BYPASS flag set to nDG_BYPASS i
308 Banchmark TITRATE Problem, LINEAR option; Rp(V)02 with CO3 in 5.61molal HaCl FMT V2.3
40 DATABASE: HMW84/FWB6; Np(V)-Na-CO3-OH-Cl-Cl0d4 (NR94);

¢195.01.31 Am(III)~-Na~-Cl-C03-S04-PO4 (FRSR89,FRF90,P91,RFFR92,RFF94,RRFFI4)

42

88

8

43 hccuracy of reactions is 1.0000E-06

44 Minimum elemental abundance is 1.0000E-18

45 Number of Aqueous Species is

46

47 ACTIVITY COEF. FLAG PITZACT -

48 PITZER Data Base NOT Echoed in this Run
48 Finished do 10: read b(0) b(l) b(2) cphi
50 Pinished do 20: read theta(c,c)

51 Finished do 30: read theta(a,a)

52 Finished do 40: read psi(c,c,a)

53 Finished do 50: read psi(a,a,c)

54 Finished do 55: read neucat(n,c)

55 Finished do 65: read neuani(n,a)

56 Finished do 66: read ptztsi(n,c,a)

57 using PITZER ACTIVITY COEFFICIENT model
58 Charge Balance replaces element Oxygen

59

60 Char Flags: FLOW/BATCH/TITRATE: TITRATE EXPLICIT
81 this is a TITRATION problem

62

B2 Character Flags: J.C. nMOLES NEXACT

64 Character Flags: I.C. nMOLES nEXACT

85pH (-loglaH+]); pmH(-log(mH+]) 11.7497 11.6199

66 £C02 (g); log(fCO2(g)]= 2.171E-07 -6.66
67 pH (-log[aH+]); pmH(~log(mH+]) 5.3205 5.9141

68 £C02(g); log(fCO2(g)]= 3.400E-02 -1.47
68 TITRATION Character Flags

70 cduml= TITRATE cdum2= LINEAR

71  Pirst Volume Added = 0.10 mL
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72 Final Volume Added =

73

74pH (-log(aH+]); pmH(-log(mH+])
75 £C02(g); log[£CO2(g)]=

76pH (-loglaH+)); pmH(-log(mH+])
77 £CO2(g); log([fcCO2(g)l=

78pH (-log(aH+)); pmH(-log[mH+])
79 £CO2(g); log[fCco2(g)l=

- BUpH (-log{aH+)); pmH(-log(mH+])
81 £C02(g); log(fco2(g)l=

62pH (-log(aH+]); pmH(-log(mH+])
B3 £CO2(g); loglfCO2(g)l=

84 pH (-log(aH+]); pmH(-log(mH+])
85 £C02(g); log[£CO2(g)])=

66 pH (-loglaH+]); pmH(-log(mH+))
B7 £CO2(g); log[£fCO2(g))=

BOpH (-log[aH+]); pmH(-log(mH+])
83 £C02(g); log[fCO2(g)l=

G0pH (-log(aH+]); pmH(=log(mH+])
91 £CO2(g); log[fco2(g)l=

92pH (-loglaH+)); pmH(-log(mH+])
93 £C02(g); loglfco2(g)l=

84 pH (-loglaH+]); pmH(-log(mH+])
85 £C02(g): logl[fCO2(g)l=

96 pH (-loglaH+]); pmH(-log(mH+])
87 £C02(g); log(£fCco2(g)])=

98 pH (-log(aH+]); pmH(-log(mH+])
99 £C02(g); log(fCco2(g)])=

100 pH (-log[aH+]); pmH(-log(mH+])
101 £CO2(g); log[fco2(g)]=

102 pH (-loglaH+]); pmH(-log(mH+])
103 £CO2(g); logl[fCcO2(g)]=

104 End of AutoTitration Problem

1.40 mL
5.3205
5.6451
7.8183
8.9167
9.1977
9.3641
9.4821
9.5733
9.6473
9.7085
9.7631
9.8100
9.8517
9.8852
9.9232

5.9141
6.2386
8.4116
9.5098
9.7906
9.9569
10.0747
10.1656
10.2395
10.3015
10.3548
10.4016
10.4431
10.4804
10.5142

3.400E-02

2.716E-02

4.720E-04
3.841E-05
2.033E-05
1.400E-05
1.077E-05
8.815E-06
7.501E-06
6.558E-06
5.84BE-06
5.293E-06
4.84BE-06

" 4.4B3E-06

4.178E-06

-1.47
-1.57
-3.33
-4.42
-4.69
-4.85
-4.97
-=5.05
-5.12
=5.18
=5.23
-5.28
=5.31
=5.35
-5.38

WPO # 43037
January 9, 1997
Page 108




szt INFORMATION ONLY

WPO # 43037
January 9, 1997

Appendix D: Sample Screen Display of Np_NaCl_BM

1 Enter chemdat f£ile name to search on: np_am

2 Enter rhomin file name to search on: np_am

4 Enter input file pame (without .extension): np_nacl bm
4 8CMS-I-LIBIS, library is WPSNONPA_CMSROOT: [FMT]

5 %CMS~-S-LIBSET, library set

6 =CMS-I-SUPERSEDE, library list superseded

7
sslments in CMS Library WPSNONPA_CMSROOT: [FMT] L

|0 FMT_HMW_NP_AM.CHEMDAT "Initial load*

11 FMT_HMW_NP_AM_960823 ,CHEMDAT “CHEMDAT DATABASE FILE FOR FMT 2. 2 REGRESSION TESTING
12 FMT_HMW_NP_AM_F60.CHEMDAT *"Initial load"

13 FMT_HMW_NP_AM_RTEST.CHEMDAT *CHEMDAT DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING"
14 Select CHEMDAT name from list above: FMT_HMW_NP_AM_RTEST.CHEMDAT

15 Your CMS library list consists of:

16 WPSNONPA_CMSROOT: [FMT]

17

18 RCMS~-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [FMT)FMT_HMW_NP_AM_RTEST.CHEMDAT fetched
19

20 Elements in CMS Library WPSNONPA_CMSROOT: [FMT]

21

22 PMT_HMW_NP_AM.RHOMIN "Initial load"

23 FMT_HMW_NP_AM_960823 . RHOMIN *RHOMIN DATABASE FILE FOR FMT 2.2 REGRESSION TESTING"
24 FMT_HMW_NP_AM_RTEST.RHOMIN *RHOMIN DATA BASE FILE FOR FMT 2.3 REGRESSION TESTING®
25 Select RHOMIN name from list above: FMT_HMW_NP_AM_RTEST.RHOMIN

26 Your CMS library list consists of:

27 WPSNONPA_CMSROOT: [FMT)

28

28 RCMS-S-FETCHED, generation 1 of element WPSNONPA_CMSROOT: [MIMJW_NPMST RHOMIN fetched
30 Enter *Y®" or "y" to echo database in OUT file: n

an

image name: *“FMT_PA97*

image file identification: "P PA97 2.3*

image file build identification: **

link date/time: 1-APR-1957 09:55:34.40

linker identification: "All-14"

SEERER

38 DG_BYPASS flag set to nDG_BYPASS »
38 Benchmark TITRATE Problem; Np(V)02 with CO3 in 5.61molal HaCl ™T V3.3
40 DATABASE: HMWB4/FWB6; Np(V)-Na-CO3-OH-C1-Cl04 (NRS4);

4195.01.31 M(III!-N&-CI-CO!-SQ&-POG (FRSR89, FRF90, P91, RFFR92, RFPB( RRFF94)
42

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

46
47 ACTIVITY COEF. FLAG PITZACT
48 PITZER Data Base NOT Echoed in this Run
48 Pinished do 10: read b(0) b(l) b(2) cphi
50 Finished do 20: read theta(c,c)
51 Finished do 30: read theta(a,a)
52 Finished do 40: read psi(c,c,a)
53 Finished do 50: read psi(a,a,c)
54 Finished do 55: read neucat(n,c)
55 Finished do 65: read neuani(n,a)
%Finisheﬁ do 66: read ptztsi(n,c,a)
57 using PITZER ACTIVITY COEFFICIENT model
sa Charge Balance replaces element Oxygen
59
60 Char Flags: FLOW/BATCH/TITRATE: TITRATE EXPLICIT
681 this is a TITRATION problem
62
62 Character Flags: J.C. nMOLES NEXACT
64 Character Flags: I.C. nMOLES nEXACT
65pH (-loglaH+]); pmH(-log(mH+]) 11.7497 11.6199 L4
66 £C02(g); loglfCO2(g)l= 2.171E-07 -6.66
67 pH (-loglaH+)); pmH(-log(mH+]) 5.3205 5.9141
68 fco2(g); leoglfco2(gll= 3.400E-02 -1.47
69 TITRATION Character Flags
70 cdumls TITRATE cduml= ASREAD
71 reading titrant volumes from ingut file
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72 Pirst Volume Added =

73 Pinal Volume Added =

74

75pH (~loglaB+])) pmE(-log(ml+])
76 £002(g) s logl[fCo2(g)l=

77pE (-loglaH+]); pmH(-log([mH+])
78 £C02(g); log[£CO2(g))=

79 pHE (-log[aH+]); pmH(-log[mH+])
80 £€02(g) ) loglfcOo2(g)l=

B1pH (=-loglaH+]); pmH(-logi(mE+])
82 £C02(g) s logl(f£CO2(g))=

63pH (-loglaH+])) pmH(-log[mH+])
B4 £CO02(g)s loglfCo2(g)]l=

B5pH (=-log[aH+])) pmH(-log[mH+])
86 £C02(g)) loglfCo2(g)]=

87 pH (-log(aH+))) pmH(-log[mH+])
68 £€02(g)y loglfCco2(g)l=

B pH (-log[mH+]); pmH(-loglmE+])
90 £C02(g) ) log[f£CO2{g)]=

81 pH (-loglaH+)); pmH(-log(mi+])
g2 £C02(g)s loglfcOo2(g)l=

93pR (-loglaH+]); pmH(-logimH+])
94 £c02(g) ) log[£C02(g)l=

95 pE (-loglaHe+]); pmH(-log(mB+])
86 £002(g)) loglfcoa(g)l=

97 pH (-loglaH+])) pmH(-log(mH+])
98 £C02(g) ) leglfco2(g)l=

e3pH (-log(aH+])) pmH(-log[mH+])
100 £002(g) 1 log(f£Cco2(g)]=

101 pE (~log(aH+]); pmE(-log(mH+])
102 £c02(g) 1 logl[£CO2(g)]=

103pH (~log(aB+]); pmH(-logimE+])
104 £C02(g); logl[£COd(g)]=

105 End of AutoTitration Problem

0.10 mL
10.00 mL

5.3205
5.6451
5.9936
6.2353
6.6996
7.9427
8.3317
B8.5655
B8.7166
8.8722
9.2235
9.4695
9.8493
10.2955
10.6594

5.5141

6.2386
6.5870
6.8286
7.2%30
8.5359
8.9250
9.1587
9.3098
9.4653
9.8154
10.0620
10.4406
10.8825
11.2341

3.400m-02
2.7162-02
1.847E-02
1.290%-02
5.4842-03
3.555E-04
1.461E-04
8.559E-05
6.060E-05
4.250B-05
1.9322E-05
1.108E-05
4.B73E-06
2.019E-06
1.106%-06

-1.47
-1.57
=-1.73
~-1.89
-2.26
-3.45
-3.84
-4.07
-4.22
-“3?
-4.72
-4.96
=-5.31
~-5.69
~5.96

WPO # 43037

January 9, 1997
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Appendix E: Sample Input File “BATCH_DOC.IN”

@D W @AW -

N KN T T B e
ggﬁgagumugmmalmmaum—ow

‘'nMOLES',

'BATCH', 'UNUSED'

1.10222364E+02
5.51654821E+01
2.00000000E-01
1.00000000E-02
1.00000000E-03
1.00000000E-04
1.10000000E-01
1.00000000E-03
1.00000000E-04
0.00000000E+00
0.00000000E+00
0.00000000E+00
1.00000000E-07
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+00
4.90605392E-17

'nEXACT',

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

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

Np (V)
Clo4- (EL)
Phosphorus
Electron
Charge

‘[ .FD.TITRATE]BATCH_DOC.in; to illustrate/document "BATCH" runs'
'CHEMFILE'
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Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN”

Page 112

Wom A AW -

[*] 1 - . okl ke
ﬁgmaaggsamnm&bmn}na

LRBYEEI

2884968

4
42
a3

45
46
47
8
48

51

L8 8

55

57

'Benchmark TITRATE Problem, LOG1l0 option; Np(V)02 with CO3 in 5.61molal NaCl'

'CHEMFILE'
'TITRATE', 'EXPLICIT',
'nMOLES', 'nEXACT', .
1.11017363E+02 Hydrogen
6.15086815E+01 Oxygen
5.61000000E+00 Sodium
0.00000000E+00 Potassium
0.00000000E+00 Magnesium
0.00000000E+00 Calcium
1.61000000E+00 Chlorine
0.00000000E+00 Sulfur
2.00000001E+00 Carbon
0.00000000E+00 PosIon
0.00000000E+00 NegIon
0.00000000E+00 Air
0.00000000E+00 Boron
0.00000000E+00 Bromine
0.00000000E+00 TracerEl
0.00000000E+00 Th(IV):
0.00000000E+00 Am(III)
0.00000000E+00 U(vI)
0.00000000E+00 Np (V)
0.00000000E+00 Cl04- (EL)
0.00000000E+00 Phosphorus
0.00000000E+00 Electron
-2.22044605E-15 Charge
UJnMOLES' , 'nEXACT',
1.11018363E+02 Hydrogen
1.05508682E+02 Oxygen
1.56100000E+01 Sodium
0.00000000E+00 Potassium
0.00000000E+00 Magnesium
0.00000000E+00 Calcium
5.61100000E+00 Chlorine
0.00000000E+00 Sulfur
1.00000000E+01 Carbon
0.00000000E+00 PosIon
0.00000000E+00 NegIon
0.00000000E+00 Air
0.00000000E+00 Boron
0.00000000E+00 Bromine
0.00000000E+00 TracerEl
0.00000000E+00 Th(IV)
0.00000000E+00  Am(III)
0.00000000E+00 U(vI)
1.00000000E+01 Np (V)
0.00000000E+00 Cl04- (EL)
0.00000000E+00 Phosphorus
0.00000000E+00 Electron

-2.37316632E-15 Charge

15 2.2543 0.002540 1.800001d5

'nDIFFUS',
'CONVEC',

'nDXVARIABLE'
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Appendix F: Sample Input File “Np_NaCl_BM_LOG.IN"

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

8288

20 1 20 'nLOTS' 10

'nTGRAD' 'LINEAR'

'FRAC FLO' 'nTWO PHASE' 'nMASS TR'

3

0.1d40 0.2d0 0.3d0

1.4-7 0.40 0.1829140 0.240 0.40 'RHSFDIF' 'LHSFDIF'

28522

[-:]
o

70 1.11017364E+02 Hydrogen
n 5.55086820E+01 Oxygen

72 0.00000000E+00 Sodium

73 0.00000000E+00 Potassium
74 0.00000000E+00 * Magnesium
75 0.00000000E+00 Calcium

76 0.00000000E+00 Chlorine
77 0.00000000E+00 Sulfur

78 0.00000000E+00 Carbon

70 0.00000000E+00 PosIon

80 0.00000000E+00 NeglIon

B1 0.00000000E+00 Air

(] 0.00000000E+00 Boron

83 . 0.00000000E+00 Bromine

4 0.00000000E+00 TracerEl
85 0.00000000E+00 Pu(III)

86 0.00000000E+00 Am(III)

a7 0.00000000E+00 U(VvI)

g8 0.00000000E+00 Np (V)

£g 0.00000000E+00 Cl04- (EL)
20 0.00000000E+00 Phosphorus
o 0.00000000E+00 Electron
92 0.00000000E+00 Charge

83

e 1.d-12 1.4-20 (fracture, matrix permeabilities)
s 'VPOROS' 'FRFLASH' (NOFLASH or FRFLASH, default is all flash)
es 'VAR_AQ _RHO' 1074.940

97 'mNO X DIFF',

es 'UNIFORM',0

L: )

8

'nMOLES' 'nEXACT' Plain old pure H20

'TITRATE', 'LOG10',0.140,10.40, 'nINJSOLIDS'
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Appendix G: Sample Input File “Np_NaCI_BM__LIN.IN”

1 'Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CO3 in 5.61lmolal NaCl'
2 'CHEMFILE'
3

4 "TITRATE', 'EXPLICIT',
5
¢ 'nmMOLES', 'nEXACT',
7. 1.11017363E+02 Hydrogen
3 6.15086215E+01 Oxygen
] 5.61000000E+00 Sodium
10 0.00000000E+00 Potassium
1" 0.00000000E+00 Magnesium
12 0.C0000000E+00 Calcium
13 1.61000000E+0Q0Q Chlorine
14 0.00000000E+0Q0 Sul fur
15 2.00000001E+00 Carbon
] 0.00000000E+00 PoslIon
17 0.00000000E+00 NegIon
18 0.00000000E+00 Air
19 0.00000000E+00 Boron
20 0.00000000E+00  Bromine
21 0.00000000E+00 TracerEl
22+ 0.00000000E+0Q0 Th(IV)
23 0.00000000E+00 Am(III)
24 0.00000000E+00 U((V1)
25 0.00000000E+0Q0 Np (V)
2 0.00000000E+0D Clo4- (EL)
27 0.00000000E+00 Phosphorus
28 0.00000000E+0Q0 Electron
29 -2.22044605E-15 Charge
30
31 'nMOLES', 'nEXACT"
32 1.11018363E+02 Hydrogen
33 1.05508682E+02 Oxygen
34 1.56100000E+01 Sodium
as 0.00000000E+00Q Potassium
36 0.00000000E+00 Magnesium
a7 0.00000000E+00 Calcium
38 5.61100000E+00 Chlorine
ae 0.00000000E+0Q0 Sulfur
40 1.00000000E+01 Carbon
4 0.00000000E+0QD PosIon
a2 0.00000000E+00 NegIon
43 0.00000000E+0CG Alr
a4 0.00000000E+00 Boron
45 0.00000000E+00 Bromine
a8 0.00000000E+0G TracerEl
7 0.00000000E+00 Th(IV)
a8 0.00000000E+00 Am(III)
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Appendix G: Sample Input File “NP_NaCl_BM_LIN.IN”"
49 0.00000000E+00 U(VI)
50 1.00000000E+01 Np (V)
51 0.00000000E+00 Cl04- (EL)
52 0.0000000DE+0Q0 Phosphorus
53 0.00000000E+0Q0 Electron
sa =2.37316632E-15 Charge
55
s6 15 2.25d3 0.002540 1.80000145 'nDXVARIABLE'
57 'mDIFFUS',
s§ 'CONVEC',
s9 ‘mSSDIFF',
60 'NRESTART', .
g1 'mPUSHPULL', 'nmMULTINJ',
&2
63 20 1 20 'nLOTS' 10
64 'NTGRAD' 'LINEAR'"
e 'FRAC FLO' 'nTWO PHASE' 'nMASS TR'

6 3
& 0.140 0.2d0 0.340
66 1.d-7 0.40 0.1829

1d0 0.240 0.d0 'RHSFDIF' 'LHSFDIF'

e 'nNMOLES' 'nEXACT' Plain old pure HZ0
7 1.11017364E+02 Hvdrogen
7 5.55086820E+01 Oxygen

72 0.00000000E+0Q0 Sodium

73 0.00000000E+00 Potassium
74 0.00000000E+00 Magnesium
75 0.00000000E+00Q Calcium

76 0.00000000E+00 Chlorine
7 0.00000000E+00 Sulfur

e 0.00000000E+00 Carbon

78 0.00000000E+00 PosIon

8O 0.00000000E+00 NegIon

81 0.00000000E+00 Aix

2 0.00000000E+00 Boron

83 0.00000000E+00 Bromine

8 0.00000000E+00 TracerEl
a5 0.00000000E+0D Pu(III;

86 0.00000000E+00Q Am(III)

a7 0.00000000E+00 U({vI})

88 0.00000000E+00 Np (V)

89 0.00000000E+00C Cl04- (ELj
0 0.00000000E+00 Phosphorus
8 0.00000000E+00Q Electron
82 0.00000000E+00 Charge

93

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

95 'VPOROS' 'FPFLASH'
s 'VAR_AQ_RHO'
g7 'mNO X DIFF',
98 'UNIFORM', 0

wo 'TITRATE', 'LINEAR',

(NOFLASH or FRFLASH, default is-all flash)

1074.940

.1,10, 'nINJSOLIDS'
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Appendix H: Sample Input File “Np_NaCl_BM.IN”

1 'Benchmark TITRATE Problem, LINEAR option; Np(V)02 with CO3 in 5.61molal NaCl'

2
3
4.

-
- O W ® =~ O wn

o ........
S8 daocnw

23

'CHEMFILE'
'TITRATE',

‘nMOLES "',

'EXPLICIT",

'nEXACT',

1.11017363E+02
6.15086815E+0C1
5.61000000E+00
0.00000000E+00
0.00000000E+00
0.00000000E+Q0O
1.61000000E+00
0.00000000E+00
2.00000001E+00
0.00000000E+00
0.00000000E+00
0.00000000E+Q0
0.00000000E+00
0.00000000E+00
0.00000000E+0Q0

0.00000000E+0Q0

0.00000000E+00
0.00000000E+00

0.00000000E+00

0.00000000E+00
0.00000000E+0Q
0.00000000E+0Q0
" =2,22044605E-15 Charge

'nMOLES', 'nEXACT",

[el=l=R=R=t=X=Rol_ =Nl NaiaNol 3 3 o

.11018363E+02
.05508682E+02
.56100000E+01
.00000000E+00
.00000000E+0CO
.00000000E+00
.61100000E+00
.00000000E+00
.00C00000E+01
.00000000E+00
.00000000E+00
.00000000E+00
.00000000E+00
.00000000E+00
.00000000E+00
.00000000E+00
.00000000E+00

Hydrogen
Oxvgen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sul fur
Carbon
Poslon
NegIon
Rir

Boron
Bromine
TracerEl
Th(IV)
Am(III)
U(VI)

Np (V)
Clo4-(EL)
Phosphorus
Electron

Hydrogen
Oxygen
Sodium
Potassium
Magnesium
Calcium
Chlorine
Sulfur
Carbon
PosIon
NecgIon
Alr

Boron
Bromine

- TracerEl

Th(IV)
Am(IIT)
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Appendix H: Sample Input File “Np_NaCl_BM.IN"

49 0.00000000E+00 U(VI)

50 1.00000000E+01 Np (V)

51 0.00000000E+00 Cl04-(EL)
52 0.00000000E+0Q0 Phosphorus
53 0.00000000E+00 Electron
sa =-2.37316632E-15 Charge

s6 15 2.25d3 0.002540
57 'nDIFFUS',

s8 'CONVEC',

59 'nSSDIFF',

60 'NRESTART',

et 'mPUSHPULL', 'nMULTINJ',

1.800001d45 'nDXVARIABLE'

82

ea 20 1 20 'nLOTS' 10

¢4 'nTGRAD' 'LINEAR'

e&s 'FRAC FLO' 'nTWO PHASE' 'nMASS TR'
e 3 )

6 0.1d0 0.2d0 0.3d0
8 1.d-7 0.d40 0.18291d0 0.2d0 0.40 '‘RHSFDIF' 'LHSFDIF'

¢ 'nMMOLES' 'nEXACT' Plain old pure HZ20
70 1.11017364E+02 Hvdrogen
71 5.55086820E+01 Oxygen

7 0.00000000E+00 Sodium

73 0.00000000E+00 Potassium
74 0.00000000E+QO Magnesium
75 0.00000000E+00 Calcium
76 0.00000000E+00 Chlorine
77 0.00000000E+00 Sulfur

8 0.00000000E+00 Carbon

78 0.00000000E+0Q0 PosIon
80 0.00000000E+00 NegIon

it 0.00000000E+00 Alr

ez 0.00000000E+QD Boron

83 0.00000000E+00Q Bromine
84 0.00000000E+00 TracerEl
as 0.00000000E+0Q0Q Pu(III)

i 0.00000000E+00 Am(IITI)

g7 0.00000000E+0QD U((vI)

g8 0.00000000E+00 Np (V)

89 0.00000000E+0Q0 C1l04- (EL)
90 0.00000000E+0QD Phosphorus
a 0.00000000E+00Q Electron
02 0.00000000E+0Q0 Charge

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

#5 'VPOROS' 'FRFLASH'

(NOFLASH or FRFLASH, default is all

e 'VAR_AQ_RHO' 1074.940

gz 'mNO X DIFF',
9 'UNIFORM',0

@ . .
100 'TITRATE', 'ASREAD',0.1d0,10.d40, 'nINJSOLIDS'
s 0.10000

w2 0.14251

w03 0.16

we 0.18

ws 0.20309

we 0.22

w 0.24

ws  0.26

we 0.28943

1o 0.41246

im 0.58780

flash)
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Appendix H: Sample Input File “Np_NaCl_BM.IN"
1z 1.1938
na 3.4551

ne ., 10.000
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Appendix I: Listing of HMW_NP_AM_RTEST.CHEMDAT and References Cited in
Listing

L1 Listing .

‘DATABASE: MMWBA/FWE6; Hp(V)-Na-CO)-OH-CL-ClO4 (WR94);*
*95.01.31  Am(III)-Ha-Cl-CO}-504-PO4 (FRSR&S,FRF90, PIL,RFFRY1, RFFY, RRFF4) *

23 115 ‘nNEW T' *nACTCOEF® 'nECHD® ‘nABCD*
200 1.4-6 1.4-18 o
*MONE' 198.15 1.40 1.d0

Hydrogen® gen* * ‘Calcium’ ‘Chlorine’ 'Sulfur’ 'Carbon' ‘Poslon’

‘Heglon' ‘Ale’ 'Boron’ ‘Bromine' '‘TracerEl’ ‘Th{IV)' 'Am(III}' ‘U{VI)* ‘Rp(V}* ‘Clo4-{EL)*
* Pho. * *Electron* * .

1.0079 15.9994 22.98977 19.0583 24.305 40.00 35.453 32.06 12.011 0.0 0.0
28.64 10.81 79.904 0.0 232.0381 241.0 238.029 217.0487 99.4506 30.974

-

‘W20 WATER' 2 0 0 1 -95.6605 a4
‘Ha+ Has* 0 101 B4
K [ 0 1 4 Hiega
‘Case Cass' 0 3 X A4
"Hgee Mges' 0 2 E4
*HgOH+ HgOHe* o 1 1 HWEd
He He 0 1 % (Y
el cl-* ° -1 1 -52.955 L]
1504w §04n* 0 -2 1--300.386 oMEe
"HEOd - HE04=* [} =1 1 =304.942 [T
{OH- aH-* ° -1 1 -8),435 oo
HEo3- Heo3-* ° -1 1 -236.751 B
*Co)m col=* 0 -2 1 -2)2.94¢ el
€02 (agq) coa(aq) * [ 0 1 -155.68 ]
+cacod (aq) caco3 {ag).! 0 0 1 -443.5 1084
"HgCo (ag) HgCod {ag) * a 0 1 -403.155 WA &
*BOH) 3 (ng) BIOH) I tagq) " o 1 -190.81 ]
*B(OH) 4~ BIOH) &-* -1 1 -465.20 PWEE
+BI03 (OH) 4~ BI03 (OH) 4~" -1 1 -963.77 PNBGE
*BAOS (OH) 4= BAOS (OH) da* -1235.10 HES

CaB(OH) de* 1 -692.30 ™A

MaB (OH) de* 1 -651.89 g

Br
perchlorate Clod-*
to.titrate.base.only’
W mci

HHNHD DOOMMOOO

‘HMegloniag) .to.titrate.acid’

o000 0000 O0000O0O0F OO0O0O0O0CO0O0O0 000 000000 COO0OOOD
c0000 0000 OO0O0O0OO0O00 COMOOCOO0O0 OO0 000000 OFMOOOO
coO00 DOO0C OCODODOOOE OOONODOO ONO O0O0ODO COONOODO
coOoO0O OOODO0 OOOOONODD HOOO0O00O0 000 O0O000 COCOCOO ©
COoDO00 MM~ OOCOOCDO ©C000000O ©00O0 ©OO0O00O0O COOOOCOO O
coooe 0000 0OO0OO0O0O00 OCCO0OO0O0 OO0 DOO00O COCOOO0O O

"

]

L]
L]
]
o
L]
]
L
1
o
o
o
o
L
o
o
o
[}
(]
0
[}
o
o
]
]
]
1
]
0
o
0
o
L]
0
o
0
[}
L]
o
(]
]
0

N-000 0000 00000000 00000000 MW MMEODO0O0OO OcococooO
00000 0000 OCOMOMNOOO COCOOCOOO0 OO0 OOOSODO0 COSCOO0

]
]
0
]
a
[
L]
o
]
o
]
o
o
L]
L]
L]
]
0
[}
L]
o
[
(]
[
o
[
o
°
1
o
1
o
0
a9
0
o
o
(]
[}
o
o

coo000 0000 0OO0OO0OO00O000 ©O00O0O0000 000 OO0OO0CO0O0 OOCOODOO

00000 OO0 COOOOO00 COHMEAWEN
L0000 6000 00000000 OHOOOOOD DGO OOOCOO0 COQOGO0

0
0
0
0
]
0
L]
0
0
0
0
]
[
o
]
L]
-]
o
o
o
0
0
]
]
o
a
L]
°
]
L]
]
1
]
0
0
0
]
]
]
]
(]

oo000 0000 ©0OOCOOODO 00000000 OO0 ©00000O0 OO0O0OOOO
oco000 0000 0OO0OOCOO0 COOCOOOO0O OO0 OOOCGOC COCOGOO
coDOS ©O00C O00000CO00 COCOOOOO OO0 OOOCOS COSOOOO
HMEHMMM OO0OO00 00000000 ©O0O000O000 000 ©00000O0 OOO0OOCOOO

0000 S00C COOCOOCO ©OOOCODOOO0OD OO0 COOMED COQOOOO

o
o
1
]
0
o
o
o
0
]
]
0
L]
]
o
L]
o
L]
o
]
o
L]
o
o
o
L]
0
L]
o
]
]
[}
o
]
[}
o
o
L]
[}
[
o

]
Q
[}
0
i
1
0
0
1
1
1
L]
]
-]
L]
3
4
4
4
4
4
o
L]
1
i
1
o
o
1
1
L]
3
a
1
o
]
1
a
L]
o
L]
o
[}
Q
(]
3
3
-}
]
1
1
o
L]
1
3
[}

1
1
1
1
1
1
1
1
 §
1
1
‘Tracer (ag) . nasrvative.tracer® 1 arbitrary
"HIPOM (ng) HIPOd (ng) * 1 =460.90 RFF92
"HIPOd~ HIPO4-* - 1 -455.96 RFF92
*HPO4= HPO4 =" - 1 -419.367 RFP94
‘POde~ POde-" - 1 -410.947 RFF94
'NpOls . HpOZs* 1 1 -369.127 HLR94
*HpO2OH (nq) HpO20H (8q) * 0 1 5 NaR94
"NpO2 (OH) 2~ HpOZ (OH) 3-* = RLR94
1=~ RpoO2C01-* -1 1 HERS4
'RpO2 (C03) Je- HpOZ (CO1 ) 2w=" -3 1 BLR94
'NpO2 (CO3) Ima- NpO2(CO3) Jmu-* 100000030000000001000-5 1 HLR94
Amee s Amesse’ 00000000 0C0DO0DOQO100000 23 1 =241.694 FRF90
" AmC0)+ AmCOs JoooOoOOD10000000100000 1 1 -472.060 FRF90
"Am(003) 3~ AmiCO3)a-' 600000020000000100000 -1 1 -695.800 FRFS0
*Am(CO3)Jm- AmiCO}) J=ut 900000030000000100000 -3 1 -915.460 FRP30
“AmiCH) 3+ Am{OH) 3+* d00000000000000100000 1 1 =191.647 RFFR®2
*Am(CH) J (ag) Am(oM)3fag)* 3 J 0000000000000 0100000 0 1 -462.950 RFFR9Z
“Thesss Thesss® 0000000000000 0D1000000 4 1 -999.99 arbitrary
WO UVIIO2+¢* 0 200000000000000010000 2 1 -999.99 arbitrary .
"RpOoH(aged) __________MpO20H(aged)* 1 3 000000 00000000001000 0 2 -454.010 MLRSL
P i ] ¥ lJoooo0O00COCO0OCOO0OOO0O0O0O01000 0 2 -452.642 HERS4
*MaNpOICO3(8) ________MANpOICOl(s)* 051 0000010000000001000 0 2 -713.707 NLR94
*HAINPOZ(C03)2(n) _DIGABLED DISARLED' 0 8 1 00 00020000000 001000 0 2 999.99 arbitrary
' AOHTO (€) e} 400000010000000100000 0 2 -560.980 FRFVO
A (OH) 3 (8] e _Am{OH) } (&) * 300000000000 000100000 0 32 -492.294 FRSRAS
12.eH30(c) — ' 12131000003 0000000100000 0 32 -1396.4%4 RRAFF4
] ) —— 4000000000000 001000310 0 2 -708.750 RFF94
cagOd_____ " Anhydrite' 0 4000101000000000000000 2 -531.7T3 MR
"RaX] (504)2__Aphthitalite/Glasar] O 8130002000000000000000D0 3 -1057.05 HME4
*cacll. 6H30, 12 6000120000000000000000 32 -891.65 e
Caco), 0 J000D100100000000000000 2 -455.17 e
KIS0 A it 0 4020001000000000000000 3 -532.39 Ll
‘MgCl2.6R30________ Bischofite’ 12 6001 020000000000000000 2 -853.1 e
‘HalMg(E04)2.4H20________ Bloedite' 8 12201 002000000000000000 3 =138).6 HWEL
"Mg (OH) dte' 3 2001000000000 0C0C00O00D0D00 2 -315.4 HHWEL
HAGCOI(BAII____— Burkeite' 011 6000021 00000000000000 2 -1445.4 Hoved
leite’ @ J 0001001000000 00000000 2 -455.6 Bl
“CaCl3.4H30____Cacld Tetramydrits' 8 4 0001200000000 00000000 2 -698.7 e
"CadCl(OH)6.1JHA0_Cal0xychloride A* 32 19 0 0 0 4 2000000000000 0Q000 2 -2658.45 HEd
“CaC12(0H)3.HIO___Cacxychloride B' 4 J 0002320000000000000000 2 -770.41 B4
“EMgCl). 6H20, Carnallite’ 12 6011 0300000000000 0C0O00QO0 2 -1020.3 Hiae
‘Mgsod. THIO____________ Fpsomite' 14 11 001001 0000000 00000000 2 -1157.83 v
*CaNad (C03)2,5H30._ Gaylussite’' 10 11 2001002000 00000000000 2 -1360.5 Homad
‘HalCa (504} 2. ite' 0 83 00102000000000000000 2 -1047.45 Hiwee ‘
*Cagod , IHI0, 4 6000101000000 000C0000000 2 -725.56 HWEd
WaCl_____————————jalite’ 0 010001000000000000000GC 2 -154.99 [
'MgSO4.6HI0______ Hexahydrite' 1210 001001 0000000 00000000 3 -1061.60 Hoad
‘EMgCISO4. 330 Xainite' 6 7011011000000000000000 2 - HHWE4
* KHCO), 1 3010000100000000000000 3 -150.06 Homae




S S N M e Tttt it

)
4,

BELSSEENA5EEY

rp—

SRRRRRATEENERIONZS

-

199

BT kot ot ks

o b e e

ST TA R I L ]
gy ke gl iyl
DN = LN = T

RRNRRNNINRY

FMT, Version 2.3
User's Manual, Version 1.1

NFORMATION ONLY

WPO # 43037
January 9, 1997
Page 120

Appendix I: Listing of HMW

-gm.m nn-ﬂu'3s=o:on:onnaooononuonon 1 =579.80 W4
Mg(S0d)a.4Ma0____________ Lecnit £120210032000000000000000 2 -1403.97 HWEg
mr:umnzm_mm_nu- 414 400103000000000000000 32 -1751.45 omBa
MgCO3 Magmesite' 0 3 001000100000000000000 32 =414.45 Head
mcum::luuo__mlorm 11 7002010000000000000000 2 -1029.6 Haed
1 4010001000000000000000 2 -417.57 HHWE &
20142300001 000000000000000 2 -1471.15 Hied
62800 0007000000000000000 .2 -3039.24 1avid
1 3100000100000000000000 32 ~341.33 HMWEd
2013000001 00000000000000 2 -1382.78 Hwig
6 6001000100000000000000 2 -9 B d -
1214021002000000000000000 2 -1596.1 Hobe
‘mcuoonzzluo.._l’lrnmn‘ 4 6200100200000000000000 2 =1073.1 e
m:ntmu.:u:q_nl.zuun- 418 031204000000000000000 2 -2202.5 HBa
Ao 2 Portlandite’ 2 1000100000000000000000 3 -)62.12 Honide
*E3C03.3/3HI0__Fotassjum Carbonate* 1 4.502 00001 0000000000000 0 2 = B
'KOMIOOJIGJIDO__IWWW“‘“ 1080000600000000000000 2 -2555.4 B4
‘ENACO).6H20 . K-Na-Carbonate* 12 911 0000100000000000000C 2 -1006.8 HHMB 4
K 12.3H30, 5 812300002300000000000000 2 -971.74 HMWE 4
Klﬂtmlz_.lnqulpnmllmullan‘ 1 8030002 0000000000000CO00C 2 -950. e
-n)mmll_s-uwummnluu- 1 BJ00002000000000000000 2 -919.6 HHWRA
'mzco! HI0___Nalcol- 14102 00000100000000C0G0000 2 -1094.95 HMWE4
:ynm:--nno:enzon.uoonnounoonoao 2 -164.84 omid
-l.zenmj:m q 3 $020102000000000000000 2 -1164.8 Hondad
16.13H20, te' 34 13002 160000000000000000 32 -2015.9 HWRAL
"HA2E04___ * 0 4300001000000000000000 2 -512.35 B
"RaZC0) HI0_____ Th te* I 42000001 000000000000CGO00 2 -510.8 B4
‘MalMiCO3)2.aH20_______________Trona' 5 #3100 0002000000000000CO0C0 2 =-960,38 g
"RalBd0T.10M30____________ Borax' 3017 2000000000400 0000000C0 2 -2224.16 PHEE
-noma—suu.uuuonw 3 Jo000000000010000000000 2 -190.88 W6
WHI0___K-Pentaborate_(30.C)' 812010000000050000000000 2 ~1770.26 FWB6
'Hllﬂliﬂq_ﬁ—htmlmuﬁ_ﬁl‘ 81103 0000000040000000000 2 -1663.47 FWEE
*MaBO2 . 4H20, Sodiun 8 6§100000000010000000000 2 -761.42 bl
*Ran508.5HI0____Sodium Pentaborate’ 10 13 1 0 0 000000 050000000000 2 -1854.80 PWEG
m:mx:uzu_m:nu_uo.m' 4 420001000001 0000000C0008 2-725.77 PWEE
Mm-
‘PITZACT"
13 ll:\n ﬂl.i.ta.m HgOH, H, WgB (OH) 4+ . CaB [OH) 4+, Ames+ , AMCO3 4, Thes+s, D0T++ Hpode
40 #Ani C1,504,H504,0H,HC0),C0), B(OH) 4, nmtmm.unstmu Br,Am(C01)2-,Am(C0)) J=-,C104~, NpO2 (OH) 2, HpC, MPC2, NpC) , HIPO4, HPO4, PO4
6 INeu ©oO2, c-co:l MgTod, B{OH) 3, HIPO4
1 .0765 2644 .0 .001237 Ha+ Cl- Hwdd (batal, betal, betal, cphi)
1 .01958  1.11) .0 00497 Ha+ EOd= HMWES
1 .0454 398 -0 Q Ha+ HS04- Hmad
1 .0B64 .251 -0 004 Has OH- HMWEd
1-.0277 0411 .0 .a Mas HCO1- MW
1 .03% 1.389 o 0044 Mas COl= wase
1 -.0427 089 «0 .0114 Ha+ BIOH)4- PHBE
1 -.056 -.510 -0 B Ha+ BIO3(OH}d- FWRE
1-.11 ~.40 .0 1 Ha+ BAOS(OM)d= PWEE
1 .0 0 «0 L Has+ Br-
1 6 -8.37 <0 <0 Ha+ Am(C03)2- RRAFF94
1 -.94 «1 «0 418 Ha+ AmiCOl)}3=- RRFF?4,FRFI0
1 .0554 L2755 -l =.00118 Mas+ ClOd- Pl
5 ol .0 .0 Mae NpO2({OHIZ-  NR94
1 .161 .0 0 o Ha+ NpO2CO3- WR¥4
1 .407 0 -0 o Hae+ RpO2(CO1I3e- NRI4
1 1.97 16, 0 o Ka+ NpO2(COJ) Jmm- HRI4
1 =.0533 .0396 .0 00795 Has HIPOL- Pl
1 -,0583 1.466 0 0294 Has HPO4= Pil
1 . 1.851 .0 =.05154 Has POd=- Il
1 .04835 L2122 0 =, 00084 K+ Cl- Hide
1 .04985 7793 .0 0 K+ EOdm Hmad
1 -.0003 .1735 -0 .0 K+ HSOd- HHWE4
1 1298 330 0 0041 K+ OH- HWEd
1 .0296 -,013 .0 -.008 K+ HOO- MBS
1 1488 1.43 <0 =-.0015 K+ COlm WAL
1 .035 «14 .0 .0 B(OH) 4~ FWEE
« 1 =13 .0 0 .0 BI0) (OH) &~ PHEE
1 -.022 0 -0 0 BAOS (OH) 4= FWRE
1 .0 .0 .0 .0 Br-
i .0 .0 .0 0 K+ Am(CO3) 2~
1 .0 .0 .0 .0 K+ Am(CO)))m-
1 .0 .0 .0 -0 K+ ClOa-
1 .0 .0 .0 .0 K+ 2 (OH) 2=
1 .0 0 -0 -0 L
1 .0 .0 .0 0 K+ Hp0O{C01)2m-
1 .0 .0 .0 .0 K+ WpO3 (CO1) Jun-
1 -.0678 -.1042 .0 .0 K+ HIPO4- Pl
1 .0248 1.274 .0 -0184 K+ HPOdw P9
1 .3728 3.m .0 =.0B6B0 K+ POd=- [}
1 .315% 1.614 .0 =.00034 Cass Cl- HMWaL
a .10 3.1%73 =544 .0 a4
1 .3145 1.5 .0 .0 HHWad
1 -.1747 -.2303 -5.72 .0 HWE4
1 .4 21.977 .0 .0 Hoeiad
2 .0 .0 .0 .0 B
3 .0 .0 .0 .0 FWBE
1 0 .0 «0 -0 PWBE
1 .0 .0 <0 .0 PHRE
1 .0 -0 «0 0
1 .0 <0 <0 .0
3 .0 .0 .0 .0
1 .4511 1.756 «0 =-.00500 PPl .
1 .0 .0 .0 .0
1 .0 -0 .0 -0 Hpdaco:
3 .0 .0 0 -0 WpO2 (C03) 2=~
3 .0 .0 -0 .0 HpO2(C03) Jmn-
1 0 .0 .0 0 HAPOd -
2 .0 .0 .0 .0 HPOd=
3 .0 0 .0 0 POd=-
1 .352)8 1.68) .0 0519 €l- HHWEL
2 .20 31.343 -17.21 025 EO4w Hewad
1 4746 1.729 .0 HE04 - el
1 .0 . .0 .0 OH- HWEe
1 .329 6072 .0 .0 HCO)- oMb
a .0 .0 0 -0 col= Homee
1 .0 .0 0 .0 BIOH) 4= PME6
1 .0 .0 0 -0 BI0I{OH) 4~  PWBE
1 .0 .0 0 0 BAOS(OH) 4=  PWBE
1 .0 .0 L] .0 Br-
3 40 .0 0 -0 Am(C0}) 2~
b ] .0 Am(CO3) Jm=
1 .4961 a.008 N .009578 Clod~ Il
1 .0 .0 .0 0 RpO32 (OM) 2~
1 .0 .0 .0 0 Nge+ NpOICO}-
L I | .0 .0 0 Hg++ NpOL(C01)dw-
3 .0 .0 .0 .0 Mg+ RpO2(CO3}Imn-
1 .0 .0 0 -0 Hges HIPOA-
2 .0 .0 .0 .0 Hge+s HPOA=
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3 .0 .8 .0 -0 Hges PO4u-
1 =-.10 1.658 -9 .0 MgOHe Cl- il
i .0 -0 .0 N MgOHes EMd= R
1 -0 -0 .0 WgTHe HSO4- HEA
1.0 .0 .0 .0 gOMe OH- Y
1 .0 -0 .0 0 MgOMe HOO) - HeE g
1 .0 .0 0 .0 MgOMe COle ey
i .0 N .8 MGONe BIOW) 4~
1 .0 .0 .0 .0 MGOH #
1 .0 .0 .0 .0 WO
: : -0 .8 -8 MGTH.

. .0 .8 ° MGOH.
1 .9 .e .8 .0 MgOH~
1. .0 .0 .0 WEOH
1 .0 .: <= .9 MGOH .
1.0 K .0 MO«
1 .0 N .= .8
1 .0 .0 . .0 MGOH+ WpoZ (C0D) Jma-
1 .0 <0 .2 N HIPO4 - :
1.0 .0 .0 .0
i .0 -0 .0 .0
1 .ans L2945 .0 L0008 OB
1 .0a%e o .0 L0438 B
1 .2065 «5556 .0 .0 a4
1 .0 .0 .0 .0 B4
i .0 .0 .0 .0 B
1 .0 .0 .0 0 HMEd
1 .0 .0 .0 .0 PMBE
i .0 .0 .0 -0 PWB6
i .0 -0 .0 .0 EE
i .0 0 0 .0
i .0 -0 .0 .0
1 .0 .0 0 .0
1 .77 «2931 .0 00819 M1
1 - .0 .0
1 .0 -0 .0 0
i .0 -0 .0 .0
1 .0 -0 .0 .0
i .0 8 .0 .0
i .0 <0 .0 .0
i .0 -8 -0 -0
1 .18 .0 .9 .0 HMWE
1 .0 .0 .0 .0 B L
1 .0 -0 N .0 e
1 .0 -0 -8 .0 B4 -
1 .0 .0 0 B
i .0 -0 .0 .8 b 1)
1 .0 -0 .0 .8
1 .8 -0 .0 .0 B30) (OH} d-
i .0 -8 -0 .8 B4OS (OH) 4=
1 .8 -0 - 0
i .0 -0 .2 -0 Mafcod)a-
1 .0 .0 . A=(CO)) Je-
i 2 e e oo

. - . .0 oMy~
1 .0 .0 .0 .0
1 .0 -0 .8 N BpO2 (CO3) e~
1 .0 .0 .0 .0 BpC2 (€03 ) Yuu—
1 .0 -0 .0 .0 W
1 .0 «0 -0 -8
1 .8 .0 .0 N
1 .12 .8 .0 .0
1 .0 .0 .0 .0 Hoead
1 .0 -0 N -0 CaB{OH) 4+ HSOd- B4
1 .0 .0 .0 .0 Call[OH] 4+ OH- B4
1 .0 .0 .0 .0 CaB(OH) 4+ HCO)-  HMWE4
1 .0 0 0 <0 CaB{OM)4¢ COle HeaL
1 .0 -0 .0 .0 CaB{OH) 4+ B(OH)4-
1 -0 .0 -0 CaR{OM) 4+ BIOJ(OH)4-
1 .0 -0 .0 .0 CaB(OH) 4+ BAOS(OH)d=
1 -0 .0 .0 CaB(OH) 4+ Br- '
1 .0 -9 .0 .0 CaB|OH)d4+ Am(CO3)3-
1 .0 0 .0 «0 CaB{OH)d+ Am(COl)d=-
1 .0 «0 .0 0 CaB (OH) 4+ ClO4-
1 .0 .0 .0 CaB(OH) 4+ RpO2 (OH) 2~
1 .0 0 «0 0 CaB (OH) 4+ NpOICO-
1 .0 N 0 W0 CaB(OH) 4+ RpOd (COJ) 3=~
1 .0 .0 .0 .0 CaB (OH) 4+ NpO2 (CO3) Jmn~
1 .0 .0 .0 0 CaB{OH) 4+ HIPOA-
1 .0 -0 «0 0 Cab(OH) 4+ HPOd=
i .0 L] 0 CaB(OMids POd=-
1 .6117 =0.0284 Amees Cl- PRSREY
3 1.00%8 -0 Amess B0 RFPS4
1 .0 .0 Amess HEOL-
i .0 0 Amees OH-
i .0 0 Amsss HOOI-
3 .0 -0 Amess COMm
1 .0 .0 Amees BIOHI4-
1 .0 N Amess BIOY (OM) 4~
1 .0 N Amess BAOS (OH) 4=
i .0 0 Amees Br-
i .0 N Amess Am{COd)2-
1 .0 -0 Amess AR(CDI) D=~
1 .80 ~0.0048 Amess - FRPSO
1 8 -0 Amess BpOD (OH)I-
1 .8 .0 Amees -
3 .0 N -] Amess W fo03 )3
3 .0 .0 Amess RpOJ(CO3) Jmas
1 .0 -0 Amess HIPO4- BFFS4
3 .0 .0 0 .0 Amess HPOA=
3 .8 -] e .8 Aness POdm- -
1 .0 N -0 -9 AmCO)e Cl-
1 .8 -8 L] o] AmCO)e EOd=
1 .0 L] -2 AmCGl e RED4-
1 .0 o -0 AmCO) s OF-
1 .0 o -0 A=CO3e HOD)-
1 .0 e .8 A=C0)s CO)s
1 .0 L] 0 A=CO)e BIOH) 4=
1 .0 ° .8 MmO}« BIO) (OH) 4~
1 .0 -0 N .8 A=C0)e B4OS (OH) 4
1 .0 -8 -0 -0 AaC0)s Br-
1 .0 .0 ] -0 A=C0d= Am(C03)3-
1 .0 -8 -8 0 AmCO)s Am(COI})=-
1 .0 .0 .0 0 AmCOl}+ ClOd-
1 .0 ‘.0 0 .0 AmCO}+ WpO3 {OH) 2~
1.0 0 .0 .0 AmCO)+ MpOICO3-
1 .0 .0 0 .0 AmCOd+ NpOZ (C01) 3=~
1 .0 .0 .0 .0 ARCO} s MpO2 (COD) Jmm-
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i .0 .0 0 .0 ACO)+ HIPOA-
1 .0 .0 .0 .0 AmCOl+ HPOA=
i .0 -0 -0 -0 AmCO)s POd=~
i .0 .0 .0 .0 Theses Cl=
3 .0 .0 0 .0 Thesss EOdm
1 .0 .0 .0 .0 Thesss HEOL-
1 .0 0 -0 .0 Thesss OH-
1 .0 .0 .0 -0 Thesss HCOI=
3 .0 0 .0 .0 Thésss COJam
1 .0 N -0 .0 Thesss BIOH}4-
1 .0 N ] .0 -0 ‘The+++ BIO) (DH) 4~
1 .0 .0 +0 .0 ‘Thes++ BAOS{OH)d=
1 .0 0 0 .0 ‘The+ss Br-
1 0 .0 0 .0 Theess Am(COd)2-
-3 .0 .0 N o The++s Am{COT)J=~
1 .0 -0 0 .0 Thesss CLOM-
i .0 .0 .0 -0 ‘The+e+ NpO3 (OH) 2~
i .0 .0 .0 .0 ‘The+++ HpOICOI-
3y .0 .0 .0 (] ‘Thes+s NpO2(C03) 2=~
A .0 .0 .0 .0 Theess Np02(CO3)Ima-
1 .0 -0 0 .0 Theess HIPOA-
3 .0 .0 .0 .0 Thesss HPOd®
3 .0 .0 -0 -0 ‘Thé+ss POLu-
1 4274 1.644 .0 -.03686 UD1++ Cl- PE1
1 .12 1.827 -0 -.0176 UOZ++ E0ds P91
1 .0 -0 .0 .0 UD2+s HS504-
1 .0 .0 .0 .0 002+ OH-
1 .0 .0 .0 0 U024+ HCO)-
2 o .0 -0 0 UD2++ CO3m
1 .0 .0 -0 ] UD2++ BIOH) 4~
1 .0 .0 -0 ] UOd++ BIOI(OHIA-
1 .0 .0 .0 0 UOZ++ BAOS(OH)d=
1 o -0 <0 0 UO2++ Br-
1 .0 .0 .0 0 Uo2++ Am(CO1)2-
3 .0 .0 UO2+s Am(CO1)Im-
1 6113 2.344 -0 02168 U2+ CLlO4- Pil
1 .0 .0 . UO2++ NpO2 (OH)2-
1.0 .0 .0 .0 UO2+s NPO2COI-
3 .0 .0 .0 .0 UDZ++ Np02(COI)2=-
3 0 -0 -0 .0 UO2++ RpO2(CO3)Imn-
1 .0 .0 .0 .0 U02+s HIPOA=
2 .0 .0 -0 -0 U0l++ HPOd=
3 .0 .0 .0 .0 UO2++ POdm-
1 0.16% -] .0 .0 Wpol+ Cl=- Lut
1 0 ] .0 .0 RpO2+ S04
1 .0 -] .0 0 KpO2+ HS04-
i .0 .0 0 0 Rpois OH=
i .0 0 .0 0 RpO2+ HCO3-
1 .0 .0 .0 0 KpOi+ COd=
I = 0 .0 -0 HpOl+ B{OH)d~
1 .0 .0 0 0 RpO2+ B303 (OH)d-
1 .0 .0 0 .0 Hp0d+ BAOS (OH) 4=
1 .0 .0 .0 .0 Npo2+ Br-
1 .0 0 ] 0 HpOds Am(CO3)2-
1 .0 .0 .0 .0 NpO2+ Am{CO3)la-
-1 0,312 .0 0 -0 NpO2+ ClO4- HR$4
1..0 0 .0 .0 KpO2s RpOI (OH)2-
1 .0 .0 .0 .0 Npo2+ NpO2C03-
1 .0 w0 .0 .0 WpO2+ HpO2(COI) 2w~
1 .0 0 .0 .0 FpO2+ NpO2(CO3)Jes-
1 .0 0 .0 .0 Hpl2+ H2PO4-
1 .0 0 .0 .0 FpOl+ HPO4=
1 .0 .0 <0 «0 HpO2+ POd=-
=.012 .07 .07 0. .036 0. 0. 0. 0. 0. 0. 0. Ha: lcationa 2 thru 13)
<032 0, 0. .005 0. a. 0. 0. 0. 0. 0. [l (cationa 3 thru 11)
.007 0, .082 O, 0. a. 0. 0. 0. 0. ca: {cations 4 thru 13)
0. .1 0. 0. a. g.. 0. 0. 0. Mg {eations 5 thru 13)
0. 0. 0. 0. 0. 0. 0. 0. HgOH: (cations & thru 13)
0. 0. 0. 0. 0. o. 0. H {cations 7 thru 1))
€. 0. ©. ©, 0. o MgB(OH) 41 (cations @ thru 13)
0. 0. o. o. 6. CaB(OH) 41 (cations § thru 13)
0. 0. 0. 0. Amessr {cations 10 thru 13)
0. 0. 0. AmCO3+:  (catioms 11 thru 11)
0. 0. Theses: (cations 13 thru 11)
0. UD2es: (cations 13 thru 13)
.02 -.,006 =-.050 .03 ~-.02 ~.065 .13 .074 0. 0. 0. 0. 0. 0. 0. 0. .1 0. 0. Cl: {anions
0. =-.013 .01 .02 -.012 .10 .12 0. 0. 0. 0. 0,0.0.0.0.0 0. 04 {anions
0. 0. ] -8 0. a. o. 0. 0. 0. 0.0.0.0.0.0,0 HS04 (anions
0. .10 0. a. . 6. ©. ©. 0.0.0. 0.0.0.0.0. OH: {anions
-.04 0. -,10 =-.087 0 0. 0. 0. 0. 0. 0..0.0.0.0, HCO3 ; {anions
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0, cod (anions
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0, BiOHI4: {anions
0. o. 0. 0. 0. 0. 0. 0. 0 0. 0. 0. BI0 (OH) 4 {anions
0. 0. 0. 0. 0. 0. 0. 0. 0., 0. 0. B4OS{OH) 4 (anions
o. a. 0. 0. 0. 0. 0. 0. 0. 0. Br: j {anjiona
0. a. 0. 0. 0. 0. 0. 0. 0. Am|COY)2=1 (anions
0. 0. o. 0. 0. 0. 0. 0. Am{CO}}3=-: (anions
0. 0. . 0, 0. 0. 0. Clod-: (anions
a. 0. 0. 0. 0. 0. HpOl1{OH}2-: (ani
Q. 0. o. 0. 0. Rp0acod-: {ani;
0. [- 1% o. 0. RpO2 (CO3) 3=~ (ani
0. 0. o NPClme=-1 {ani
0. 0. HIPO4= 1 (ani
0. HPO4= {an]
=-.0018 -.010 .0 .0 -.003 .00} .0 .0 .0 .0 .0 0 0 0000000 HNa-K:20anlona
=.007 -,05% .0 -0 .0 .0 .0 .0 .0 . -0 0000000 Ha-Ca:
=.012 -.015 .0 -0 0 .0 .0 .0 0 .0 .0 .0 0000000 Ha-Mg:
.0 .0 .0 .0 .0 .0 .0 L8 .0 .0 .0 0000000 Ha-MgOH:
=.004 .0 =.0129 0 .0 .0 .0.0 0 .0 -0 .0 0000000 Ha-H:
0 .0 o] -0 0 .0 .0 .0 0 .0 -0 -0 0000000 Ha-MgB{OHI4s
.0 .0 0 -0 .0 .0 .0.0 o .0 0 @ 0000000 Ra-CaB{OHId+
0 .0 .0 -0 0 .0 .0 .0 o .0 0 .0 0000000 Ra-Amess
.0 8 -0 .0 0 .0 .0 .0 .0 .0 -0 -0 0000000 MHa-AmCOls
.0 .0 .0 .0 0 .0 .0 .0 .0 .0 0 .0 0000000 Ha-Thesss
-0 0 0 -0 0 .0 .0 .0 .0 .0 -0 .0 O 000000 Ma-Udles
0 -0 +0 +0 .0 .0 .0 .0 .0 .0 -0 .0 0000000 Ha-NpOl2+s
=.035 0 -0 o .0 .0 .0 0 .0 0 .0 «0 0000000 K -Ca:
-.023 -.048 .0 e .0 .0 .0 -0 -0 0 [} .0 0000000 K -Mg:
«0 . -0 o .0 .0 .0 .0 .0 -0 -0 N-] 0000000 K -MgOH:
=-.011 .197 -.0265 .0 .0 .0 .0 .0 -0 .Q .0 .0 -0 0000000 K -H:
N .a 0 . e .0 .0 .0 -0 -0 -0 -0 -0 0000000 K -HMgB(OH) 4+
N 0 0 .0.0 .0 .0 .0 -0 -9 -0 o -0 0000000 K -CaBlOH)d+
0 0 0 . o .0 .0 .0 .0 0 .0 o -0 N 000000 K -Amess
.0 -0 .0 0.0 .0 .0 .0 .0 0 -0 0 .0 0000000 K -ADCOl+
.0 .0 P o .0 .0 .0 +0 .0 o 00 .0 0000000 K -Thesss
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.0 .0 .0 .0 L .0 .
=.017 =.00 .0 .0 0 .0 .

.0 0 «0 .0 . .0 0
0 .0 .0 0 -0 .0
- .0 0 0 0 L] +0
.0 -0 -0 .0 «0 .0 1]
0 .0 .0 .0 ]
.0 .0 (] 0 .0 .0 0
-0 .0 .0 .0 <0 9 0
0 .0 W0 .0 .0 0 0
.0 .0 .0 .0 .0 .0 .0
0 -0 0 -0 .0 «0 <0
.0 0 .0 .0 .0 0 «0
-0 -0 -0 0 -0 0 .0
-0 .0 .0 .0 .0 .0 0
.0 .0 -8 0 -] 0 0
.0 .0 0 0 0 L] <0
.0 -0 0 .8 -0 -0 0
0 0 0 .0 .6 ‘.0 0
0 0 0 .0 .0 .0 .0
0 .0 -0 -0 0 -0 0
-0 .0 .0 .0 .0 .0 -8
.0 .0 0 0 0 -0 .0
.0 -0 .0 <0 N .0 .0
0 0 0 0 0 W 0
0 .0 0 .8 0 0 .0
.0 .0 -0 o] 0 .0 .0
.0 .0 0 0 -0 -0 -0
.0 0 .0 .0 o] 0 0
0 -0 -0 0 0 .0 -8
0 .0 .0 .0 0 .0 .0
«0 -0 -0 0 -0 -0 .0
.0 0 -0 0 -l -0 0
@ 0 0 0 -0 0 .0
o] <0 .0 0 0 0 .0
S S T R S T
A B D 0 0 .0 .0
-0 <0 .0 -0 L] .0 «0
O 0 0.0 0 0 L0
.0 .0 .0 .0 0 .0 .0
L0 0 0 0 .0 0
«0 0 0 .0 <0 .0 o
0 .0 -0 -0 9 .0 ]
- .0 -8 0 -0 0 -0 o
.0 .0 -0 -0 N .0
0 .0 .0 -0 .0 0 0
-0 0 0 0 <0 .0 ]
«0 0 .0 0 .8 .0 -0
-0 -0 0 .0 -0 .0 .0
0 -0 -0 .0 .0 .0 .0
0 0 «0 .0 -0 0 .0
.0 .0 .0 0 .0 .0 .0
0 0 o] .0 0 <0 .0
o] .0 0 .0 .0 .0 .0
.0 .0 0 -0 .0 .0 .0
N 0 8 0 8 8 L0
.0 .0 0 -0 o] -0 0
o] 0 0 0 o] -9 -0
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pO2C03- 1
OH-NpOZ (003 ) 2m=1
OH-RpOZ (CO3) Jam=y
OH-HIPOd =~
OH-HPOd =y
CH-POdn=-

HCO3-C0) 4
HOO3-B(OH) 41
HCO1-B10) (OH) 41
HOD3-B4OS (OH) &+
HO03-Br

=Br1
HCOJ-Am(C03)}3:

HCO) -HpO2 (OH) 21

HCO1-RpORCOd -1

WE03-NE03 (093 ) Jom-
(003} Jem=

HCO3-HAPO4 -1

HCOJ <HPOd = ¢

HCOJ-POd=-:

CO)-B(OH) d-1
CO3-BI0) (OH) 4
COJ~B4OS (OM) 41
Co)-Br1
COl~Am(CO3) 2+
CO)-Am(CO3) 3
CO3-Clod=:
C03-RpO2 {OH) 2=

POIC0Y -
CO1=Hp03 (CO3) 3w~y
(CO3) Jmm=s

BAOS (OH) 4

(OH) &-Am(CO3)2:
OH) 4-Am(CO3) 3 :
(OH) 4-CLO4=:

OHI 4 2(0H) 2=+
B(OH) 4-NpOICOI -
B{OW) 4-MpO3 (COD) 3m=
B (OK) 4-HpO2 (€03 ) Jmm=1
B (OH)} 4-HIPO4=1
BIOM) 4=HPOd=
B(OH) 4=FO4=~:

B303 (OH) 4 ~B40S (OH) 4 ¢
Br:

BI0) (OH) 4-POd=~ .

B40S (OH) 4=Br ¢
B405 (OH) d=Am{CO)) 31

1
BAOS (OH) 4=NPOZ (OM) 2~
B4OS (OH) 4 sMpOCOI - ;
BADS (OH) 4=Mp0d (CO3 ) 2=+
BAOS (OH) 4=MpO2 (COY) Jman;
B405 (OH) 4wHIPO4-1

BAOS (OH) 4=HPO= :

BADS (OH) 4= P04 =~

Br-Ami{C03)3:
Br-An{cod) 3
Br-C.

=1
Br-Rpo3 (€0d ) 3s-:
BE-Rpo2 (€03 ) Jmm-1
Br-H2PO4-1

Am(C01) 2-Mu(C0D) 3
==¢0!} 2-Clod-:

C03)2-Wp03 (GH) 21

Am(C03)2-R
Am(CO1)2-M
Am(CO))2-M
A={C0))2-K

P03 (CO3) 20 :
pO3 (€O ) Jum-
2P0k~ 1

Am(C03} 3-HPOd=:
A=(C03) 2-POd==

Mm(CO)

) 3=Clod=1

An(cOd)

3 (0H) 2-

Am(C03)3I-N

Am(C03)I-M

Am{C0d) I-HI

PO2 (C0I) 2m=¢
P02 (CO3) Jam=
POd=1

Am|C03) I-HPOd= 1
Az(C03) I=POdw=

c104-0p02

1
C03) Iw=:
€03} Jum-s
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.0 RpO2 {OH) 2--Mpo2COd-1

-0 WpOZ{OM) 2--Mp02 (CO3) ==y
+0  RpO (OH) 2-~Npa2 (COX) Jwe-;

«0  HpO2 (OH) 2-HIPOA- 1
<0 MpO2 (OH) 2-HPO4=;
.0 HpOZ (OW) 2-FOde=1

.0 RpO2COI-MpO2 (€03} 2~
“0  WpO2CO3 P03 (003} Iwas
-0 MpCI-MpO2 (CO3) Yme~:
.0 EpO2(COY)I-HIPOE-+
.0 RpO2{CO))3}-HPO4s:
10 EpOZICON)3-POde-s

8  HPO4-POde-;

0 Clod-POde-
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Appendix I: Listing of HMW_NP_AM_RTEST.CHEMDAT and References Cited in Listing

0 . . a . . 0 0.0 .
0 .0 .0 .0 0 0 .0 .0 .

L]
o

3 3 4 5 & 7 Has K+ Case Mgee HgOHs
Amses *  Thess

tion map ELNAP(1,
23 21 43 e 45 S0 MgB(OH) 4+ CaB(OH)ds i )
Rpo2+

s % 10 11 12 1 cl- BCde HES04- OH- HCO3 - Co)= anion MR, )
18 1% 20 21 45 46 B{OH) 4~ BIOY (OH) 4= B4OS (OH) d= Br- Am(C03)32- .hllmlll oo .

34 39 40 41 42 e clod- (o) 2~ 3= -
35 3 2 mz. WpO2CD RpO2(C0 )2 WpO2(COJ} Ime- HIPOA

4 15 16§ 17 3 ¥ 02 (ag) Caco) (ag) HgCol (ag) BIOH) 3 (ag) FpOCH (ag) .llmtwl neutral map ELMAP(),)

FRERES == Felmy, Ral, Schramks, (1989) RCA 48 pp.29-35

FRPS0 == Pelmy, Ral, and mlm (1990) RCA 50 pp.19)-204

= Pitzer and Ellvester (1976) J Eoln Chem 504 pp.269-278

= Pitzer (1991) CRC Handbook, Activity Coef in Electrolyte Solns
= Ral, Fe and Nl.:w (1992) RCA 56 pp.7-14

- H-N. ::I.Lz. Fulton, and Ryan (1952) RCA 58/59 pp.3-16
' f

- 1994)
= Rao, Rai, Felmy, and Fulton [1994) SANDS4-1948J for RCA
Novak and Robarts (1954) EAND®d-30000 MRS/Kyoto

-
- l(-lrll'l. Moller, Wears {(1984) OCA 48 pp.72)-751
Folzy and Wears (1986) OCA S0 pp.2771-2783

]
£
E
2t
ig

L2 References Cited in Listing

Felmy, A.R., D. Rai, and R.W. Fulton. 1990. “The Solubility of AmMOHCO3(c) and the

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

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

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

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

Novak, C.F., and K.E. Roberts. 1994. Thermodynamic Modeling of Neptunium(V) Solubility in
Na-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.
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Rai, D., A.R. Felmy, and R.W. Fulton. 1992a. “Solubility and Ion Activity Product of
AmPO4+xH20(am).” Radiochimica Acta vol. 56. 7-14.

Rai, D., A.R. Felmy, and R.W. Fulton. 1994. “The Nd3* and Am3+ Ion Interactions with SO2"

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
Borosilicate-Glass/Water Systems.” Radiochimica Acta vol. 58/59: 9-16.

Rao, L., D. Rai, A.R. Felmy, and RW. Fulton. 1994. “Solubility of NaNd(CO3)2+6H20 in

Concentrated Sodium Carbonate and Sodium Bicarbonate Solutions.” Radiochimica Acta
vol. 24, no. 2: 879-895.
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Appendix J: OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT

] CHEMDAT file name 1s Ul:[SCBABS.PNT.UM)FMT_IOM_NP_AM_RTEST.CHEMOAT; 1
2 Texperaturs is Mard Coded as 298.15K
3 [.FD.TITRATE] BATCH_DOC. in; to illustrate/document *BATCH® runs T V2.3
4 DATABASE: I1OMMB4/FWES; Mp(V}-Ma-CO3-OM-C1-Clod (MR94);
g $5.01.31  A=(IIX)-Na-C1-C0)-504-P04 (PRERES, FRFS0, P91, RFFRIZ, RFFIA, RRFFIL)
7 MAccuracy of reactions is 1.0000E-06
8 1 is 1.0000E-18
g of Ag in 50
1
:g Species Order for Pitter Paramatars
}4 cations 13
'IE Has | O Case Mges MGOH He
17 HWgBloH)de CaB{OH) 4+ Aness A=CO) Theess [ -1
13 Npo2e
1
g? Anions 20
2 e1- 504w S04~ oM~ HCO3 - cols
23 BloH)4- B0 (OH) 4~ BLOS (OH) 4= Br- A=(003) 3~ A (C0)) 3=~
24 clos- Pa NpO2 (OH) 2- KpO2CO)- HpO2(C01) Je- MpO2(COY) Jume HIPO4-
25 HPOd= POd=-
28
gg Neutral 6
38 co2{ag) Cacol iag) Hgeol (ag) B{OW) 2 (ag) RpOIOH (ag) HIPO4 (ng)
g}
3‘.‘} Cation-Anion Binary Intersction Parameters : _ .
'ﬁ Catlon Anlen Bata(0) Beta(l) Beta(2) cphi Alpha-Values
37 Mas €1- 0.07650 0.26440 0.00000 0.00127 (2.0,12) 1-1,1-2,1-3
38 Hae S04s 0.01958 1.11300 0.00000 0.00497 (2.0,12) 1-1,1-2,1-3
39 Mae HE04- 0.04540 0.39800 0.00000 0.00000 (2.0.12) 1-1,1-2,1-)
40 Mas OH- 0.08640 0.35300 0.00000 0.00440 {2.0,12) 1-1.1-2,1-)
41 Has HCO3 =~ 0.02770 0.04110 0.00000 0.00000 (2,0,12) 1-1,1-2,1-3
42 Hae code 0.03990 1.38900 0.00000 0.00440 {32.0,12} 1-1,1-2,1-3
di Nae BUOH)4- -0.04370 0.08900 0.00000 0.01140 (2.0,12) 1-1,1-2,1-)
44 mae 8303 (OH) 4~ =0.05600  -0.51000 0.00000 0.00000 {2.0,13) 1-1,1-2,1-3
45 Mae B4OS (OM) &= -0.11000  -0,40000 0.00000 0.00000 {2.0,13) 1-1,1-2,1-3
48 Mae Br- -0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3
47 Mas Am(C03) 2~ 0.00000  -8.37000 0.00000 0.00000 (2.0.13) 1-1,1-2,1-3
48 Nas Am(CO)) Ja- =0,94000 8.10000 0.00000 0.41800 (2.0,13) 1-1,1-2,1-3
gg Has 0.05540 0.27550 0.00000  -0,00118 (3.0,12) 1-1,1-32,1-3
Has 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3
51 Nes 0.16100 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-)
52 MHae 0.40700 0.00000 ©.00000 0.00000 (2.0,13) 1-1,1-2,1-3
53 Mas 1.97000  16.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
54 Mas -0.05330 0.03960 0.00000 0.00795 (2.0,13) 1-1,1-2,1-3
55 MNae =0,05830 1.46800 0.00000 0.02940 (2.0,12) 1-1,1-2,1-
56 Mae 0.17810 3.85100 0.00000  -0.05154 (2.0,12) 1-1,1-2,1-3
i
ga Xe cl- 0.04835 0.21220 0.00000  -0.00084 (2.0,13) 1-1,1-3,1-3
59 ge S04= 0.04%95 0.77930 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
Eﬂ Ke HSO4~ -0.00030 0.17350 0.00000 0.00000 {2.0,13) 1-1,1-2,1-3
1 Ke OH- 0.12980 0.32000 0.00000 0.00410 (2.0,13) 1-1,1-3,1-3
€2 Ko HCO)- 0.02960  -0.01300 0.00000  -0.00800 (2.0,12) 1-1,1-2,1-3
R+ code 0.14880 1.43000 0.00000 =0.00150 (2.0,12} 1-1,1-2,1-3
xe B(OH) 4~ 0.03500 0.14000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
X B0 (OH) 4~ =0.13000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
Xe BAOS (OH) 4= =0.02200 0,00000 . 0.00000 0.00000 (2.0,13) 1-1,1-2,1-)
Ke Br- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-3,1-3
Ke Aa(col)a- 0.00000 0.00000 0.00000 0.00000 2.0,12) 1-1,1-2,1-1
g K+ Am(COD) Jam 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3
70 Es C104- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
71 xe BpO2 (OK) 3= 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
72 xe T - 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
73 Ke MpO2(C0)) 2=~ 0.00000 0.00000 0.00000 * 0.00000 (3.0,13) 1-1.1-32.1-3
74 xs Fp02 (CO) Jwe- 0.00000 0.00000 0.00000 ©.00000 (2.0,13) 1-1,1-3,1-)
15 % HIPO4- -0.06780  -0.10430 0.00000 0.00000 {2.0.13) 1-1,1-2,1-3
76 X HPOd= 0.02480 1.27400 0.00000 0.01640 (2.0,12) 1-1,1-2,1-
g‘é K+ POdn- 0.37290 3.97300 0.00000 =0.08680 (2.0,12) 1-1,1-2,1-3
I’
70 cass c1- 0.31550 1.61400 0.00000 =0.00034 (2.0,12) 31-1,1-2,1-3
g Cass 504w 0.20000 3.19730 =54.24000 0.00000 (1.4,13) 2-2
1 Cass HE04- 0.21450 2.53000 0.00000 0.00000 (2.0.13) 1-1,1-3,1-)
B2 Caes o= =0.17470  -0.23030  -5,72000 0.00000 (2.0,12) 1-1,1-2,1-3
ga Case HCO3- 0.40000 2.97700 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
4 Cass code 0.00000 0.00000 0.00000 0.00000 (1.4,12) 2-3-
gg Case BION) 4= 0.00000 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-)
Cass B30I (OH) 4~ 0.00000 0.00000 0.00000 0.00000 {3.0,12) 1-1,1-2,1-3
g;.; Case BAOS (OH) 4w 0.00000 0.00000 0.00000 -00000 {2.0,13) 1-1,1-3,1-3
Case or- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-3,1-3
1918 Cass Am(CO3)3- 0.00000 0.00000 0.00000 0.00000 (3.0,12) 1-1,1-32,1-3
Case Am(CO3) Y- 0.00000 0.00000 0.00000 0.00000 (1.4,50) 3-(n>2)
8; Chss 104~ 0.45110 1.75600 0.00000 =0.00500 (2.0,12) 1-1,1-2,1-1
? Cave MpO2 (OM) 2- 0.00000 0.00000 0.00000 0.00000 (3.0,12) 1-1,1-2,1-3
03 Caee " - 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
B4 caee MpO2 (COY) 3=~ 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(m»2)
E Cass MpO2 (C03) Jmm- 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>2)
Case HIPO4- 0.00000 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-
97  Cass WPOd= ©0.00000 0.00000 0.00000 0.00000 (1.4,12) 3-2
93 cass POd=- 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>2)
§g Hges c1- 0.35235 1.60150 0.00000 0.00519% (2.0,11) 1-1,1-2,1-3
1 mges 04 0.22100 4300 -37.23000 0.02500 (1.4,13) 3-2
02 wges HSO4- 0.47460 73900 ©.00000 0.00000 {2.0,12) 1-1,1-3,1-)
03 mges OH~ 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-1
04 Hges HCO3- 0.32500 0.60720 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3
83 Hges cols 0.00000 0.00000 0.00000 0.00000 (1.4,13) 2-2
Hgee B{OM)4- 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3
8: Mgee BIO) (OM) 4= 0.00000 . 0.00000 0.00000 {2.0,12) 1-1,1-2,1-3
Mges BAOS (OM) 4= o 0.00000 0.00000 (2.0,12) 1-1,1-2,1-)
?8 Mges Br- 0.00000 0.00000 0.00000 (2.6.12) 1-1,1-2,1-3
Hges AniC0d) 2= 000 ©.00000 0.00000 (3.0,12) 1-1,1-2,1-3
11 mgee Am(CO}) Ju- 0.00000 0.00000 0.00000 (1.4,50) 2-in»2)
12 Wgss 104~ 0.49610 v 0.00000 0.00958 (2.0,12) 1-1,1-2,1-)
13 mges NpO3 (OH) 2~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3
14 mges HpoOICDl- 0.00000 0.00000 0.00000 0.00000 (2.0.12) 1-1,1-2,1-3
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(oM} 4
mlﬂlu:
MgD (OH) &

FpO3 (€03} 2=~
NpO2 (CO) ) Jmm-
PO4-

»

0 -

RpO2 (COY) 2w-
HpO2 (C0)) Jmn=
H2PO4~

HPOd=

BioOH) 4=
B3O} (O} 4=
BAOSIOH) 4=

Br- -
Am(CO3) 2=

MgH (OH} 4+
HIB (OH) 4+
Mg B (OH) 4+

CaB{OH) d+
“ CaB(

can

CaB(OH) 4+

Amess
Mmess
Amass
Amess
Amsas
Amsos
Amsss
Am

RpO32 (CO3) 2=
MpO2 (00 ) Jme-
H2PO4-

Amicol)a-

0.00000
=0.10000

0.29450
0.00000
©0.55560
0.00000
0.00000
0.00000

0.00000
0.00000
0.00000
09.00000
©.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000

5.40300
©.00000

0.00000
0.00000

©.oo000
©.00000

0.00000
0.00000
0.00000
0.00000
0.00000

0.00000
0.00000
0.00000
0.00000
©0.00000
0.00000
©0.00000
0.00000

0.00000
=2500.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000
©0.00000
0.00000
0.00000
0.00000

2=1m>2)
d=(n*3)
;-I;l-!.l-)

-

-2
2=in»2)
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Cation-Caticn Ternary Interactions:

MgB(OH) 4+
CaB (OH) 4+
Amess
AmCO) -
Theses .

0o2es

Anlon-Anion Ternary Interactions:

cl-
cl-

NpO2 (OH) 2~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-3,1-)

NpO2C03~ 0.00000 0.00000 0,00000 0.00000 (3.0,12) 1-1,1-2,1-) 14

NpO2 (CO3 ) 3m- | 0.00000 0.00000 0.00000 0.00000 {2.0,12) 1-1,1-2,1-)

HpO2 (CO3) Jee- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

H2PO4- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

HPOd4= 0.00000 0.00000 9.00000 ©.00000 (2.0,12) 1-1,1-2,1-3

POd=- 0.00000 0.00000 ©.00000 0.00000. (2.0,12) 1-1,1-2,1-)

cl- 0. 0.00000 ©.00000 ©.00000 (2.0,12) 1-1,1-2,1-1

E0dw 0.00000 0.00000 ©.00000 0.00000 (1.4,50) 2-(n>2)

HEO4 - 0.00000 0.o0000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3

OH- ©.00000 0.00000 ©0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

Pt 0.00000 0.00000 0.00000 0.00000 (2.0,12} 1-1,1-3,1-3

col= ©.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>2)

BIOH) 4~ 0.00000 £.00000 0,00000 0.00000 (2.0,32) 3-1,1-2,1-

B103 (OH) 4~ ©.00000 0.00000 ©0.00000 0.00000 (2.0,12) 1-1,1-2,1-)

BAOS5 (OH) 4= 0 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

Br- 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

Am(CO3) 2~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

Am(CO)) J=~ 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>32)

clod~ ©0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

WpO2 (OH) 2~ 0.00000 9.00000 ©0.00000 0.00000 | 12) 1-1,1-32,1-)

RpOIC0Y - .00000 0.00000 0.00000 0.00000 | 4] 1-1,1-2,1-)

RpO2 (€02 ) 2w~ 0.00000 ©.00000 ©.00000 0.00000 | 0) 2-in>2)

NpO2 (CO3) Jme- 0.00000 ©0.00000 0.00000 0.00000 0) 2-in>2)

H2: - 0.00000 0.00000 0.00000 0.00000 | 2) 1-1,1-2,1-)

HPOd= 0.00000 0.00000 0.00000 0.00000 | L) ={o>d

POde= 0.00000 0.00000 0.00000 0.00000 (1.4,50) 2-(n>2)

Cl= 0.42740 1.64400 0.00000 =0.01686 2) 1-1,1-2,1-3

EOd= 0.32200 1.82700 0.00000 =0.01760 12) 3-2

HEO4~ 0.00000 0.00000 0.00000 0.00000 12) 1-1,1-2,1-)

OH- 0.00000 0.00000 0.00000 0.00000 12) 1-1,1-2,1-)

RCO3- 0.00000 0.00000 .00000 0.00000 12) 1-1,1-2,1-3

cols 0.00000 0.,00000 0.00000 0.00000 .4,12) 2-2

BlOH) &= 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-3

B30) (OH) 4~ 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1-1,1-2,1-)

B4O5 (OH) 4= 0.00000 0.00000 ©.00000 0.00000 (2.0,12) 1-1,1-2,1-3

Br- .00 0.00000 0.00000 ©0.00000 (2.0,12) 1-1,1-2,1-)

Am(C03) 32~ 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1-1,1-2,1-3

AR(COY) Ja- 0.00000 0.00000 0.00000 0.00000 '(1.4,50) 2-im>3)

Clod- 0.61130 2.14400 0.00000 ] . 1-1,1-3.1-3

RpO2 (OK) 2~ ©0.00000 0.00000 0.00000 0.00000 1-1,1-2,1-3

RpO2C03 - 0.00000 ©0.00000 0.00000 0.00000 1 1,1-)

RpO2 (COY) 3= 0.00000 0.00000 0.00000 0.00000

MpO2 (C0J) Jun- 0.00000 ©.00000 0.00000 0

HAPO4~ 0.00000 0.00000 0.00000 0.00000

HPOd= 0.00000 0.00000 0.00000 0.00000

POde- 0.00000 0.00000 0.00000 0.00000

cl- 0.16%00 0.00000 0.00000 0.00000 =3

S0d= 0.00000 0.00000 0.00000 0.00000 -3

HEDd= 0.00000 0.00000 0.00000 0.00000 -3

OH- ©.00000 0.00000 0.00000 0. 2. =3

Hool- 0.00000 0.00000 0.00000 0. 2.0,12) 1- -3

cols 0.00000 0.00000 ©.00000 0.00000 (3. ) 1- =1

BlOM)d- y 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1~ -3

BIOD (OH) 4= 0.00000 0.00000 0.00000 0.00000 (2.0,12) 1- -3

B4OS (OH) 4= 0.00000 0.00000 0.00000 0.00000 (2.0,13) 1- -3

Br- 0.00000 @.00000 0.00000 0.00000 (2. ) 1- =1

Am(C0d) 2~ ©.00000 ©.00000 0.00000 0.00000 (2. ) 1- -3

Am{c01) Iu- 0.00000 0.00000 0.00000 0.00000 (2.

£104- 0.31200 0.00000 0.00000 0.00000 (2

WpoO2 (OH) 2= 0.00000 0.00000 0.00000 0.00000 (2

HpO2C0I = 0.00000 0.00000 0.00000 0.00000 (2

MpO2 (C03) 2=~ 0.00000 0.00000 0.00000 0.00000 (2

NpO2 (C01) Jum= ©.00000 0.00000 0.00000 ©0.00000 (2.

HaPO4~ 0.00000 0.00000 0.00000 « 0.00000 (2.

HPOd= 0.00000 0.00000 0.00000 0.00000 (2.

FOds- 0.00000 0.00000 0.00000 0.00000 (2

thetalcl,c3)
Ee Case gee MgOMe MOB(OH)d+ CaBi{OH)d+ Amess AnCOl s
-0.01300 0.07000 0.07000 0.00000 0.03600 0.00000 ©0.00000 ©.00000 0. 00000
UD2ee MpO2e
0.00000 ©.00000
Case Mges MIOHe He HgBIOH) 4+ CaB(OH)d+ Amsss AmCO) e Thesss
0.03200 0.00000 0.00000 0.00500 0.00000 0.00000 0.00000 0.00000 0.00000
a3+ )
?:0“0
Mg HgOHe He MgB(OH)d+ CaBIOH)d4+ Amess AECO) e Thesss UD2se
0.00700 0.00000 ©.0%300 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
NgOHe He HgB(OH) &+ CaB(OH)ds Amess A=code Theses V02w HpOl+
0.00000 ©.10000 ©0.00000 0.00000 -0.00000 0.00000 0.00000 ©.00000 0.00000
He MgB(OH)d+ CaBIOH)&e Amess A=COd e Thesss DOTes WpOde
0.00000 ©.00000 ©.00000 0.00000 ©0.00000 0.00000 ©0.00000 0.00000
HgB{OH)d+ CaBIOH)d+ Amess AmCO) Thesss UD2+s Wpols
0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
can(OHlde Amess ACOd e Thesss VOZee NpO2e
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Amees AmCO) Thesss UO2es RpOl+
©.00000 0.00000 ©.00000 0.00000 0.00000
AmC0) e Thesss Ve HpO2s
0.00000 0.00000 0.00000 0.00000
Thesss - T NpO2s
0.00000  0.00000  ©,00000 b
U0+ WpOl+
0.00000 0.00000
HpOle
0.00000
thetaial,al)

EOdw HEO4 - ON- 3= J= BioH) 4~ B30} (OH) 4~ B4OS(OH)4s Br-
0.02000 -0.00600 -0.05000 ©.03000 -0.02000 -0.06500 ©.13000 0.07400 ©0.00000
An(COY) de= ClO4= W¥pO2 (OM) 2- WPOICO)-  WpO2(COJ)2 Mpa2 (CO3)3 WIPOA- HPO4 POd=-
0.00000 ©.o0000 ©.00000 0.00000 0.00000 0.00000 0.10000 ©.00000 ©0.00000
MEOd - OH- HOO2 - (=) L] BIOH) 4~ B30] (OH) 4=~ B4OS (OH) 4= Br- Am(CO3)3-
0,00000 -0.01300 ©.01000 0.02000 -0.01200 0.10000 0.12000 0.00000 0.00000
clod- Mpo3 (OH) 2- MPOICD)-  MpPO2(CO))2 MpO2(CO)Y HIPOA- HPOA= POd=-
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0.00000

UD3ee
0.00000

HpOls Y
©.00000

Am (003} 2-
©0.00000

Am(CO3) Je-
0.00000
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Appendix J:

OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT

©.00000 0.00000

B0 ©.00000 0.00000 0.00000 0.00000"
oH- HCO3- cole B(OH)4- B30 (OM) 4= B4OS (OH) 4= Br- Am(COJ)2- AS(CO})3=- CLO4-
0.00000 0.00000 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000 0.00000 0.00000
MpO2 (OH)2- MpO2CO3-  MPO2(COD)2 WpOl (CO1)I HIPOA- HPOd= FOdn-
0.00000 0.00000 0.00000  0.00000  ©.00000 ©0,00000  0.00000 i
70 HCO3= cod= BIOH)4=  BIOI(OM}4- B4OS(OH)d= Br- Am(CO)12~ AmICO})lm- ClOd- MpO2 (OH) 2
7 oM- 0.00000 0.10000 0. mnu 0.00000  ©0.00000  0.00000 0.00000 0.00000  0.00000 0.00000
72 MpO2CO3-  HpO2(CO3)2 w: 1 HIPCH- HPOd= PO4=-
3 3?2 OH- 0.00000 0.00000 oano 0.00000  0.00000 . 0.00000
§;4 cols BIOH) 8- B3O (OH) 4~ B4OS(OH)4= Br- A=(C0})2- Am(CO})d== ClOd- NpO2 (OH) 2= MPO2CO)~
76 meod- -0.04000  0.00000 -0.10000 ~0.08700  0.00000  0.00000 0.00000  0.00000 0.00000 0.00000
ar7 wm\m: mtmn HIPO4 - HPO4s POA=~
%g HCO3- 0.00000  0.00000 0.00000 ©0.00000  0.00000
BOH) 4= BIO) (OH) 4~ B4OS (OM)d= Br- Am(C03)2- Am(CO})I=- CLOM- MpO2 (OH] 2- WpO2CO)-  MpO2(CO)2
1 cols 0.00000 0.00000 0.00000  0.00000 ©.00000  0.00000 0.00000  0.00000  0.00000 a.nuu'
wo: {CO3)3 HIPO4- HPOd= POdn-
cole 00000 0.00000 0.00000 0.00000
S B30) (OH) 4~ uo!muq- Br- A=(COd)2- A={COY)3w- C1O4- WpOZ (OH) 2- MpOICOI- * WpO2 (€01} 2 Mpo2
B{OW) 4= 0.00000 0.0 0.00000 0.00000 0.00000 ©.00000 o.uénn’ 0.00000 o.nu‘m' o.oo«'lgg‘"
7 HIPO4- m PO4=-
g BIOH) &= 0.00000 0.00000 0.00000
B4OS (OH) 4= Br- Am(CO3) 3= Am(CO3)de- ClOM- RpO2 (OH) I- MpOICOl~ m co!la m:m:n HIPO4 -
91 BIOY (OM) - 0.00000  0.00000 0.00000  0.00000 0.00000 0.00000  0.00000 0.000 0.00000 0.00000
HPOd= POd=-
B30 (0K} 4~ 0.00000 0.00000
3 Br- An(cod)2- Am(C0))3=- ClOd- NpO2 (OH) 2- MpOICO3-  MpO2 (CO1)2 apo lmn:l HIPO4 - HPO4=
s BAOS (OH) 4= :6:““ 0.00000 0.00000  ©,00000 0.00000  0.00000  0.00000 0.0 0.00000 0.00000
& .-
% B4OS (OH) 4= 0.00000
Am(CO3)3- Am{CO))de=- CLIO4- WpO2 (OH) 2- MpOICO)-  MpO2(CD)2 MpO2(COI)I M2 HPOd= PO4w-
& or- 0.00000  0.00000 0.00000  0.00000 0.00000 0.00000  0.00000  ©.00000 0.00000 0.00000
403 Am(cod)i=- Clod- HpO2 (OH)2- WpOICOI-  KWpOI(COI)2 WpOI (COY) I HIPO4- HPO4= PO4n-
:8; Am(co3) 2= 0.00000  0.00000 0.00000 0.00000 0.00000 0.00000  0.00000  0.00000 0.00000
406 clo4- mlmu- HpQIC03-  NPOZ(COI)2 mumu HIPO4 - HPOd= PO4=-
407 amicod)i=- 0.00000 0.00000 0.00000  0.00000 00000  0.00000 0.00000  0.00000
:85 nsoawm 2- mm- MpO3 (COJI2 WpO2 (CO3)3 H2PO4- HPO4= POd=-
:}? clod- 0.00000 0.00000 0.00000 0.00000  0.00000  0,00000
412 MpOICO)=  MpO2(CO1)2 WpOZ(CO1)I HIPOL- HPO4= -
i:i FpO2 (OH) 2~ 0.00000 0.00000 0.00000 0.00000 0.00000  0.00000
415 uponm:: WImm HIPO4- HPOd= POdn-
j:ﬁ NpO2C03- . 00000 0.00000  ©.00000  0.00000
[
41 ml:mn HIPO4- HPO4= PO4u-
419 Npo2(C03)2=- . 00000 0.00000 ©.00000 0.00000
H .
421 HIPO4~ HPO4s PO4=-
4?% HpO2 (003 ) Jaw= 0.00000 0.00000 0.00000
42
4;4 HPOd= POda-
425 Hapot- 0.00000 0.00000
%? POd=-
g HPOAs 0.00000
430
§31 cation-Catien-Anion Ternary ions: pail...)
4§ - cl- 5odw HSO4- OH- e col= BIOH) 4=  BIOJ (OH)4 BLOSI(OH)4 Br-
434 wae K -0.00180 =~0.01000 0.00000 ©.00000 =-0.00300 0.00J00. 0.00000 0.00000 0. 0.00000
435 Has+ Cass -0.00700 -0.05500 0.00000 ©.00000 ©0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000
436 mae Hg+s -0,01200 -o uam 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000
7 Ras HgOHe . 00000 0000  ©.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000 0.00000
438 . Has He -0.00400 o nme -0.01390 0.00000 ©0.00000 ©.00000 0.00000 : 0.00000 0.00000
439 Hae Mg (OH) 4+ .00000  0.00000 .00000  0.00000 .00 0.00000 0.00000 ©0.00000 0.00000 0.00000
340 Rae CaB (OH) 4+ 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
441 Has Ame s 0.00000 ©.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 O©.00000
442 Mae AmCOYe 0.00000 ©0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
443 Has Thesss 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.000 00000  0.00000
445 wns UOZ e+ 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000
445 mae Mpole 0.00000 ©0.00000 .00000  0,00000 ©.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000
ug re Case -0. 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00
447 Re Hges -0.02200 ~-0.04800 0.00000 0.00000 .00000  ©.00000 .00000 0.00000 ©0.00000 0.00000
348 &+ MgOH s+ 0.00000 0.00 .00000 ©0.00000 ©0.00000 O0.00000 0.00000 ©0.00000 ©.00 0.00000
448 g He -0.01100 0.19700 -0.02650 ©.00000 00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
450 K MgD(OH) 4+ 0.00000 0.00000 .00000 ©.00000 ©0.00000 ©0.00000 ©0.00000 O0.00000 ©.00000 ©0.00000
451 Ee CaB{OH) 4+ 0.00000 ©.00000 ©.00000 0.00000 ©.00000 ©.00000 ©0.00000 ©.00000 0.00000 0.0000
igg Ke Amess 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000
K+ AmCOd e 0.00000 ©0.00000 0,00000 0.00000 ©.00000 ©.00000 ©0.00000 0.00000 0.00000 ©.00000
¢g4 Xe Theses 0.00000 ©0.00000 0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
455 xe Uales 0.00000 0.00000 ©0.00000 0.00000 0.00000 0,00000 0.00000 ©.00000 0.00000 0.00000
4 Xs NpOZe 0.00000 ©0.00000 ©0.00000 ©.00000 00 0.00000 ©.00000 ©0,00000 ©0.00000 0.00000
457 Cass Hges =0.01200 ©0.02400 .00000 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 0.00000
Case . 000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000
450 cass -0.01500 .00000 ©.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000
Cass 0.00000 ©.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000
case 0.00000 ©.00000 ©.00000 0.00000 ©0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 0.00000
462 cass 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
463 Cass 0,00000 ©.00000 0,00000 O. 0.00000 0,00000 0.00000 00 .00000  0.00000
:gg Chss 0.00000  0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 0.00000 -0 0.00000 0.00000
Cas+ 0.00000  0.00| 0.00000 00000 ©.00000 0.00000 .00000  0.00000 ©0.00000 00000
‘29 Cass 0.0000! 0.00000 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 ©,00000 ©.00000 ©.00000
467 Mges 0.02800  0.00 0.00000 ©.00000 ©.00000 ©.00000 .00000  0.00000. 0.00000 ©.00000
:gg Hges -0.01100 ©0.00000 =-0.01780 0.00000 ©.00000 0.00000 ©.00000 ©.00000 .00000  0.00000
[ 0000 0.0000 .00000  0,00000 .00 0.00000 ©0.00000 ©0,00000 0.00000 ©0.00000
470 MWges ©0.00000 0.00000 0.00000 00 0.00000 ©0,00000 ©.00000 0.00000 0.00000 ©.00000
- 0. 0 .00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©. 0.00000
0.00000 ©,00000 ©,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0. 0.00000 .00000  0.00000 .0000! 0.00000 ©.00000 0.00000 0.00000 000
0.00000  0.00000 . 0 0.00000 ©.00000 0.00000 ©0.00000 ©.00000 .0 0.00000
0.00000 ©0.00000 ©.00000 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 ©.00000
0.00000 ©0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000
0.00000 ©.00000 ©.00000 0,00000 ©.00000 ©0.00000 0.00000 ©.00000 0.00000 ©.00000
0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000
0.00000 ©.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
0.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©0.00000
.00006  0.00000 s 0.00000 ©0.00000 .00000 - 0.00000 0.00000 0.00000 0.00000
0.00000 ©.00000 ©.00000 0.00000 0.00000 ©,00000 ©.00000 ©0.00000 0.00000 0.00000
0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000  ©.00000
0.00000 ©0.00000 ©0,00000 ©0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©.00000
0.00000 ©.00000 ©0.00000 0.00000 0.00000 ©0,00000 0.00000 ©0.00000 0.00000 ©.00000
0.00000 ©.00000 ©£.00000 0.00000 ©0.00000 ©0.00000 0,.00000 0.00000 0.00000 0.00000
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Appendix J: OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT
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He AmCO) s 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000
He Theess ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
He U0l 0.00000 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.00000
He Rpo2e 0.00000 0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
HgB (OH) 4+ CaB (OH) 4+ 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000
MgB (O} d+ Amess 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
MgBOH) &+ A=COd s 0.00000 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 ©0,00000 0.00000 ©,00000
gD (OH) &+ Theses 0.00000 0. 0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 .00000
MgB (OM} 4+ UOZes ©.00000 0,00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000
MgB (OH] 4+ Npo2+ 0.00000 0.00000 o 9  0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
CaB (OH) 4+ Amees 0.00000 0.00 0.00000 0,00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000. 0,00000
Cafl(OH} 4+ AmCO3 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©. 0
CaB (OH) 4+ Thesss 0.00000 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 ©.,00000
CaB(OH} 4+ UDdee 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000
Cab (OH) 4+ HpOls 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©,00000 0.00000 ©.00000
Amees AnCOls 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000 0.00000 0,00000
Amees Theses 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000
Amees VOZee 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000  0.00000
Amves HpoZe 0.00000  0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0,00000
ARCOY+ Thesss 0.00000 0.00000 0.00000 ©£.00000 0.00000 0.00000 0.00000 ©.00000 ©0,00000 0,00000
ARCOY+ UD2es 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0,00000 ©0,00000 0.00000 ©.00000
ACOY+ HpO32+ 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 .00000
Theses UO2ee ©.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
Thesss NpO2+ 0.00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000 ©.00000 ©.00000 0.00000 ©.00000
Volee ¥pols 0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 ©£.00000 ©.00000 0.00000 0.00000 ©0.0000D
AmiC03)2- Am(COY)I= ClOM- Rpo2 (0H) 2 MpO2CO3- MpO2 (COI) WpO2(COD)* HAPOL- - POd=-
Nae 0.00000 ©0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 ©,00000
Nae 0.00000 0.00000 0.00000 ©0.60008 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
Hae 0.00000  0.00000 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 ., 0,00000 ©.00000 ©,00000
Has 0.00000 0.00000 ©0.00000 0,00000  ©.00000 ©.00000 0.00000 0.00000 ©.00000 0,00000
Hae 0.00000 0.00000  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 .
Nas . 0.00000  0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 ©.00000  ©.00000
Hae 0.00000 . 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Nas 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©0.00000 - 0.00000
Hae 0.00000  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0,00000
Has 0.00000 O, 0.00000 ©.00000 ©0.00000 ©.00000 0,00000 0.00000 ©.00000 0.00000
Hae 0.00000 0.00000 0. 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
Has 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000 ° 0,00000
K+ 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 0,00000
K+ 0.00000 0,00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ° 0.00000 0.00000 0.00000
Ke 0.000 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000
Ko 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
K+ 0 0.00 0.00000 ©.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
Ke 0.00000 ©0.00000 ©.00000 0.00000 0.00000 ©.00000 ©0.00000 ©.00000 ©0.00000 0.00
K+ 00  0.00000 ©0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
Ke 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000
K+ 0.00000 00000  0.00000 O©. 00000 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000
K+ 0.00000 0.00000 0.00000 ©,00000 0.00000 0.00000 0.00000 0.00000 O,00000 00000
Ko 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000
Case 0,00000 ©.00000 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
Cass 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
Cass 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 ©,00000
Caes 0.00000 0.00000 0.00000 000  ©0.00000 0.00000 0.00000 ©0,00000 0.00000 0.00000
Case 0.00000 ©.00000 0.00000 0.00000 ©0.00000 0,00000 0.00000 0.00000 0.00000 0.000D0
Case 0.00000  0.00 0.00000 0.00000 0.00000 ©0.00000 0.00000 00000  0.00000
Cass 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©,00000 2
Case +00000  ©0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000
Caes 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©.00000 0000 0.00000 ©.00000 ©,00000
Case 00000  0.00000 ©0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 ©0.00000 0©.00000
Mges 0.00000 ©0,00000 ©0.00000 0.00000 ©.00000 0.00000 0,00000 0.00000 0.00000 O.00000
Mges 0.00000 ©.00000 O, 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
Mges 0.00000 0.00000 ©.00000 0.00000° 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
Mgee 0.00000 0.00000  ©.00000 0.00000 O 0.00000 ©0.00000 - 0.00000 ©0.00000 ©.00000
Hges 0000 0,00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 . 0.00000 .
Hges 0.00000 0.00000 ©0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 0.00000 O, 0.00000
Mges 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 ©.00000
Mges 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000
Hgee 0.00000 ©.00000 ©.00000 ©,00000 ©,00000 0.00000 0.00000 0.00000 0.00000 ©.00000
MgOHe ©.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 ©,00000 ©.00 0.00000
MgOHe 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
MgOMe 0.00000 ©.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 ©,00000
MgOHe 0.00000 ©0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000° O. 0.00000
MgOH 0.00000 0.00000 0.00000 0.00000 0.00000 O. 0.00000 0.00000  0.00000
MgOMe 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 - 0.00000
MgOHe 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
HgOHe 0.00000 ©.00000 0.00000 00000 ©0.00000 ©.00000 0.00000 0.00000 - 0.00000 0.00000
e 0.00000 ©0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000
He 0.00000 ©.00000 0.00000 ©,00000 ©0.00000 © 0 0.00000 0.00000 0.00000 0.00000
He 0.00000 ©,00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 O.
He 0.00000 ©0,00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000 0,00000
He 0.00000 0.00000 O, 0.00000 ©.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000
He 0.00000 ©0.00000 0.00000 ©0.00000 0.,00000 ©.00000 0.00000 0.00000 0.00000 0.00000
He ©0.00000 0.00000 0.00000 0,00000 0.00000 O 0.00000 00000 0.00000 0.0
MgB (OH) &+ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
Mg (OH) &+ 0.00000 0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000 O. 0.00000
HgB (OH) 4 0.00000 0.00000 0.00000 ©.00000 0.00000 O, 0.00000 ©.00000 ©0.00000 0.00000
OH) 4o 0.00000 0.00000 ©.00000 °0.00000 0.00000 ©.00000 0.00000 ©.00000 ©.00000 ©.00000
HgB (OH) 4+ 0.00000 0.00000 0.00000 ©0.00000 O. 0.00000 0.00000 ©0.00000 0.00000 0.00000
MgB(OH) 4+ 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 00000  0.00000 0.00000 00000
caB{oH) 4+ 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©.00000 ©0.00000 ©0.00000 0.00000 0©.00000 ’
CaB(OH) 4+ 0.00000 - 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©.00000 O0.00000
CaB (OH) 4+ 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 ©0.00000 ©0.00000 0.00000 0©.00000
CaB (OH) 4+ 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000
CaB (OH) 4+ 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 ©.000
Anees 0.00000 0.00000 O. 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000
Ameos 0.00000 © 00000  0.00000 0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000
Amvee 0.00000 0,00000 0.00000 ©.00000 0.00000 0.00000 0©.00000 0.00000 0.00000 0.00000
Ameos ©.00000 ©0.00000 0.00000 ©0.00000 ©0,00000 ©0.00000 ©.00000 0.00000 0.00000
ACOY+ 00000  0.00000 00 0.00000 0.00000 0.00000 ©.00000 0.00000  0,00000
ARCOY+ 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
AnCOY e 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 0.00000 O. 0.00000  ©0.00000
Theses 0.00000 ©.00000 ©0.00000 0.00000 O. 0.00000 0.00000 ©0.00000 00000  0.00000
Thesss 0.00000 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
. 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000

Anion-Anion-Cation Ternary Interactions: pail,..)

Has K+

Case Mgee MO He MgB(OH) 4+ CaB(OH) 4+ Amess Amcode
cl- Eo4s 0.00140 0.00000 -0.01800 -0.00400 0.00000 0.00000° 0,00000 ©0.00000 0.00000 ©0,00000
ci- K504~ -0.00600 0.00000 0.00000 0.00000 0.00000 ©.031300 0.00000 0.00000 ©.00000 ©.00000
cli- OH= -0.00600 -0.00600 -0.02500 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000
cl- HCOY= -0.01500 ©0.00000 ©.00000 -0.09600 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 .
cl- col= 0.00850 ©0.00400 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©0,90000
ci- B(OH) 4= -0.00730  ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 ©,00000
cl- B30) (OH) 4~ -0.02400 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
cl- BUOS (OH} 4 0.02600 ©0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©0.00000
cl- Br- 0.00000° ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 ©.00000
c1- Am(cod)2- 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©0.00000 0.00000 ©.00000
cli- Am(c0))de- 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 ©,00000 ©.00000
cl- €104- 0.00000 0.00000 0.00000 0.00000 0,00000 ©.00000 0.00000 0.00000 0.00000 0,00000
cl- Npo2 (OH) 2~ 0.00000 ©0.00000 0.00000 ©.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000
cl- 3- 0.00000 ©.00000 ©0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 ©.00000 ©.00000
cl- MpO2(CO))2=-  0.00000 0.00000 0.00000 ©.00000 ©0.00000 ©0.00000 ©.00000 0.00000 0.00000 ©0.00000
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Appendix J: OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT

Cl-

B30) (OM) 4~
BIO) (OH) 4=
BIOD(OH) 4~
BI0) (OH) 4=
BO3 (OH) 4=
B30) (OH) 4=
B30D (OM) &~
B0 (OH) 4~
B30} (OH) 4=

03 (OH) 4=
3 (OM) 4=
oM} 4=

BAOS

BAOS (OH) 4=
Bics

B

OH) 4= -

RpO2(C01) Jwe=
HaPO4-

HPOd=
PO4=-=
HE04-

OH-

HCOD) -

C0d=

B{OH) 4~
B303 (OH) 4~
B405 (OH) 4=
Br-
AmiCOd) 3~
Am(C03) ==

BIOI (OH) &~
B4OS (OH) de
Am(Cc0))2-

.I'TIN!I!IH

c104-

HpOl (OH) 3~
NpO2COl -

HpO2 {COY) 2=~
NpOl (CT)) Jee-
I -

BIOI (OH) 4=
B4OS5 (OH) 4=
Am(C03) 2=

A= (CO3) Ju-

NpO2 (CO3) 2=-
HpO2 (C03) Jmn~
HIPO4-

HPOd=

POd=-

BI0) (OH) 4=
D405 (OH) &
Br-

Am(C03) 2=
An(C03) Jm=

RpOZCO1-
NpO2 (CO)) 2=~
NpO3 (CO3) Jwn=
HIPOA-

HPOd=

POds-

BAOS (CH) 4=
Br-

Am(Co3)a-
An(COd) Jw-

clod-
RpO3 (OM) 2-
Mpoa (CO1) 2a-
MpO2 (CO) ) Jma=
HIPOL-

HPOd=
POd=-

Br-
Am(CO3) 3~
Am(CO3} -

clo4-
RpOZ (OH) 3~
FpO2C03-

0.00000
0

0.00000
=0.01000
0.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000

4331

s§§

F1
oo
oo

2238
g

0.00000
0.00000
0.00000
0.00000

0.00000

0.00000
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735 mr-

- 0.00000 0.00000 ©.00000 ©Q.00000 0.00000 0,00000 ©.00000 0.00000 0.00000 0.00000
Br- KpO2 (CO3) 2m- 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000 E
737 Br- FpOl(Co))J==-  0.00000 ©.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 ©.00000
738 pr- HIPO4- 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000
739 Br- HPOd= ©.60000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000
740 Br- POds-~ 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
741 amiconya- A (COY) Jm= 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 O 00000
742 am(cod)2- clod- 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000
7 2- NpO2 (OK) 2+ 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000. O©.00000
744 am(c0d)2- M 3= 0.60000 ©0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
745 Mmicod)a- MpOl(col)2s-  0.00000 0.00000 0.00000 0.00000 0.00000  0.00000 0.00000 0.00000 ©.00000 & O.00000
:a? Am{C03) 2~ HpO1(CO))3J==-  0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000 0.00000
T4 2- H2PO4- 0.00000 0.00000 0,00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
748 am(cod)a- HPO4= 0.00000 ©0.,00000 ©.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 ©.00000
749 amicod)a- POde~ 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©.00000
;go ds- Cl04~ ©.00000 0.00000 ©0.00000 0.00000 ©0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000
1 Am(COY)Je- NpO2 (OH) 2~ ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
Jue 0.00000  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00000
5] Amicod)de- ¥pO2 (€03) J=- 0.00000 0.00000 0.00000 ©.00000 O0.DO0O0 ©.00000 ©0.00000 0.00000 O, 0.00000
54 Amicod HpO2(COl)3==-  0.00000 ©0.00000 0.00000 0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 O.00000 .0.00000
HIPO4~ 0.00000 ©.00000 0,00000 ©,00000 0.00000 ©0.00000 ©.00 0.00000 0.00000 0.00000
HPO4= 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
.- 0.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000 ©,00000 0.00000 O,00000 00000
NpO32 (OH) 2- ©.00000 ©,00000 ©0.00000 .00000 0.00000 ©.00000 O, 0.00000 0.00000 ©.00000
HpO2C0)- 0.00000 0.00000 0.00000 0,00000 0.00000 ©.00000 -0.00000 0©.00000 0.00000 ©.00000
; RpO2(COJ)2=-  0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O©.00000
RpO2(CO)) ==~  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O, 0.00000
7 04~ H2PO4~ 0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
763 clod- HPO4= 0.00000 0.00000 0,00000 00000  ©0.00000 .00000  0.00000 0.00000 0.00000 0.00000
764 cloa- POd=- : 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0.00000 Q.00000 0000
785 mpol(oH)a- RpO2COI- 0.00000 - 0.00000 0.00000 0.00000 - ©.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000
786 RpoO2(OH)2- NpO3 (€03) 2= 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©,00000 0.00000 0.00000
767 Mpo3(OM)3- HpO1(CO))J==-  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ° ©.00000
7 (OH) 3~ H2PO4~ 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000
788 wpo2(oM)a- HPOd= 0.00000 ©.00000 0,00000 0.00000 ©.00000 ©0.00000 0.00000 ©.00000 0.00000 0.00000
770 wpoaioW)2- POd=- 0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 2
771 mpoicod- HpO2 (€O ) 2=~ 0.00000 0.00000 0.00000 0.00000 ©0.00000 ©,00000 ©.00000 ©.00000 0.00000 0©.00000
712 mpoacol- Hp02(CO))Jw=-  0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©.00000
773 wpoacod- H2PO4- 0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 - 0.00000  O.00000
774 HPOd= 0.00000 0.00000 0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
775 Rpo2c03- POds~ 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 ©.00000 0.00000 0.00000 O.00000
776 mpoa(C03i3=-  MpOZ(COJ)J==-  ©.00000 ©.00000 O.00000 00000  0.00000 .0 0.00000 0.00000 0.00000 0.00000
777 wpoia(cod)as- - 0.00000 ©.00000 0.00000 . 00! 0.00000 0.00000 ©0.00000 0.00000 0000  0.00000 =
778 Mpo2(C03)3=- MHPOA= 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000
779 Wpoa(CO3)2=-  POM=- 0.00000 0.00000 ©0.00000 ©0.00000 ©.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
780 wpo2(col)iss- HIPCA- 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000 0.00000 ©.00000
781 Wpo2(COY)Jes- HPO4= 0.00000 0.00000 0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
TB2 Mpo2(COJ)Jww~ PO~ 0.00000 ©.00000 0.00000 ©.00000 ©.00000 0.00000 0.00000 ©,00000 0.00000 0.00000
HIPO4~ HPOd= 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0,00000 0,00000 0.00000 0,00000
783 Hadoe- POd=- 0.00000 ©.00000 0.00000 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000
785 HPode POd=- 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
I
ng Thesss [ B2 HpOle
:rgn cl- 504= 0.00000 ©0.00000 ©.00000
7 g €l- HEO4- " 00000 0. 0.00000
cl- OH- 0.00000 ©.00000 0.00000
MM c- HCO)- 00000 0.00000 0.00000
;’gg cl- . 0.00000 .00000  0.00000
cl- BOW) 4= 0.00000 ° 0.00000 0.00000
794 cl1- B3O (OH) 4= 0.00000 ©.00000 0.00000 -
785 ¢l- BAOS (OH) 4= 0.00000 0.00000 0.00000
7ga cl- Br- 0I00000 0.00000 0.00000
797 c1- Am(C03) 2~ 0.00000 0.00000 0.00000
799 c1- Am(COD ) Jmn 0.00000 ©.00000 . 0.00000
ci- c104- 0.00000 ©0.00000 0.00000
BDO ci- RpO2 (OH) 2~ 0.00000 0.00000 0.00000
HOY1 e1- HpO2CDY- 0.00000 ©.00000 0.00000
ci- RpO2 (CO3) e~ 0.00000  ©.00000

Ron

=
S35e
-
Enﬂﬂ
-
(]
.

€1- MpO3(CO3)Jes-  ©.00000  ©.00000
- HIPO4-

28
T

310 E04=
11 pods .
812 soaw
813 gou=
14 50de
15 504
16 sodw
B17 sods 0.00000
18 soas 0.00000
19 sod= 0.00000
E0dw 0.00000
8 E04= 0.00000
504e 0.00000
3 sode 0.00000
23 §04= 0.00000
ngs MS04- 0.00000
6 HSO4- 0.00000
T MEOd- 0.00000
8 Hso4- 0.00000
B%g HSO4= 0.00000
HEOd- 0.00000
§31 HEO4= 0.00000
2 o4~ 0,00000
8 HEOd= 0.00000
HEO4- 0.00000
35 HsO4- 0.00000
HEO4 = 0.00000
B37 Hs04- 0.00000
838 mMso4- 0.00000
gao HEO4= 0.00000
40 Heo4- 00000
B41  Hsod- 0.00000
42 OH- 0.00000
43 ON- 0.00000
OH= 0.00000
B45 on- 0.00000
46 oH- 0. 0.00000
A7 oH- Br- 0.00000 ©0.00000 ©.00000
‘g on= Am(C01 )2~ 0.00000 ©0.00000 0.00000
49 ou- AniCO) ) 1e= 0. 0 0.00000 0.00000
0 o= C104- 0.00000 ©.00000 0.00000
OH- NpO2 (OK) 2~ 0.00000 ©0.00000 0.00000
s OH- 0.00000 -~ 0.00000 0.00000
OH- BpO2 (CO3) 2=~ 0.00000 ©0.00000 ©.00000
4 om- (CO3)J===  ©.00000 ©.00000 0.00000
5 ON= PO~ 0.00000 . 0.00000 ©.00000
EE oM~ HPOds 0.00000 ©0.00000 0.00000
BAT7 on- POd=- 0.00000 ©0,00000 0.00000
858 wecon- col= 0.00000 0.00000 0.00000
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59 meod- BlOH) 4~ 0.00000 ©0.00000 0.00000
B303 (OH) &= 0.00000 ©.00000 0.00000
BAOS (OH) d= 0.00000 0.00000 0.00000
g Br- 0.00000 ©.00000 ©,00000
Am(C0))2- 0.00000 0.00000 ©.00000
Am(CO3)Yu- 0.00000 0.00000 0.00000

5 clod- 0.00000 ©0.00000 0.00
NpO2 (OW) 2~ 0.00000 ©.00000 ©0.00000
67 - 0.00000 0.00000 0.00000
2{C0))2w-  0.00000 ©.00000 0.00000
9 NpO2(CO))Jms-  0.00000 0.00000 0.00000
70 HIPO4 0.00000 0.00000 0.00000
71 HPOd = 0.00000 ©0.00000 0,00000
72 PO4=- 0.00000 0.00000 ©.00000
873 B(OK)4- 0.00000 0.00000 ©,00000
74 BI0] (OH) &~ 0.00000 ©0.00000 0.00000
75 BAOS (OH) 4= 0.00000 ©.00000 0.00000
;9 Br- 0.00000 0.00000 0.00000

Am(C03)2- 0.00000 0.00000 ©

g;‘g A (CO3) dm= 0.00000 ©0.00000 ©.00000
0 clo4- 0.00000 0.00000 0.00000
NpO2 (OH) 2~ 0.00000 0.00000 ©.00000
NpO2C03- g 0.00000 ©.00000
NpO32 (C0)) A=~ 0.00000 ©0.00000 ©.00000
NpO2(CO))Jwe-  0.00000 ©.00000 0.00000
HIPO4~ 0.00000  0.00000 ©0.00000
B85 HPO4» 0.00000 0.00000 ©.00000
POdn- .00000  0.00000 0.00000
BI03 (OM) 4= 0.00000 0.00000 ©.00000
agu BAOS {OH) 4= 0.00000 0.00000 ©0.00000
B39 Br- 0.00000 ©.00000 0.00000
90 Am(C03) 2~ 0.00000 0.00000 ©.00000
21 Az (C03) Jun 0.00000 .00000  0.00000
B clo4- 0.00000 0.00000 ©.00000
B oMY 3- 0.00000 ©.00000 0.00000
Q 0.00000 ©0.00000 ©0.00000
gg"a pO2 (COY) An= 0.00000 0.00000 ©.00000
MpO2(CO))Jmm-  ©.00000 0.00000 ©.00000
897 2PO4- 00  0.00000 ° 0.00000
HPOd= 0.00000 0.00000 0.00000
.- 0 0.00000 ©.00000

B4OS (OH) 4= 0.00000 0.00000 0.00
1 r- 0.00000 0.00000 ©.00000
Am(C0Y) 2~ 0.00000 0.00000 0.00000
Am(CO3) Ine 0.00000 0.00000 ©.00000
04~ 0.00000 0.00000 ©.00000
NpO2 (OH) 2= 0.00000 0.00000 0©.00000
BpO2C01- 0.00000 ©.00000 ©.00000
NpO2 (C03) 2=~ 0.00000 0.00000 ©.00000

3883

WpO2(CO)) === 0.00000 0.00000 0©.00000
H2PO4-

MWp02(C03)Im===~ 0.00000 0.00000 0.00000
HaPO4-

Bty

810 HPO4» 0.00000 ©0.00000 ©0.00000
1 POd=- ©.00000 ©.00000 ©.00000
912 = - 0.00000 ©.C0000 0.00000
213 Am(cod)2- 0.00000 ©.00000 ©0.00000
14 - 0.00000 ©.00000 00
15 c104- 0.00000 0.00000 0.00000
-'|é WpO2 (OM) 3~ 0.00000 0.00000 0.00000
27 RpO2CO] - 0.00000 ©0.00000 0.00000
}g NpO32 (COY) 2w= 0.00000 ©0.00000 ©.00000

3

S

2 HPO4» 0.00000 0.00000 0.00000
2 POdu- 0.00000 0.00000 0.00000
2 Amico3)3- 0.00000 ©.00000 0.00000
2 Am(CO3) Jn= 0.00000 0.00000 ©.00000
92 clo4- 0.00000 ©.00000 0.00000
NpO2 (OH) 2~ 0.00000 ©.000C0 O.00000

m - 0.00000 0.00000 ©.00000

NpO2(CO3) 2e- 0.00000 ©0.00000 O.00000

NpO2(C0)) === 0.00000 O©.00000 0.00000

HaPOe- ©.00000 © ©.00000 ©.00000

HPO4= 0.00000 . 0.00000

PO4=- 0.00000 ©.00000 ©.00000

Am{CO)) Ju= 0.00000 ©.00000 ©.00000

clod- ©.00000 0.00000 ©.00000

W¥pO3d (OM) 3~ 0.00000 0.00000 0.00000

RpO2 (C03) 2== 0.00000 0.00000 0.00000
(CO3)Imm=  0.00000 ©0.00000 ©:00000

HIPO4- 0.00000 0.,00000 0.00000
HPO4w 0.00000  0.00000 0.00000
POdw- 0.00000 0.00000 0.00000
c104- 0.00000 0.00000 0.00000
NpOl (OH) 2- 0.00000 0.00000 0.00000

NpO2CO)- ; ;
NpO3(CO3)3=-  0.00000 ©.00000 0.00000
¥p02({C0})J=s- 0.00000 0.00000 ©.00000

HPO4s 0.00000 ©.00000 0.00000
POdn- 0.00000 0.00000 0.00000
HpO3 (OH) 2~ 0.00000 0.00000 ©.00000

WpO2C03 - .
WpO2 (CO3) J=- ©0.00000 0.00000 0.00000
RpO2 (CO3) Jma- 0.00000 ©.00000 O.00000

mmtﬂl LoTg >
;mc-a@éq! =t ::E ot g.%ﬁﬁﬁ_.ﬂ B
111

HIPOd- 0.00000 0.00000 0.00000
HPOd = 0.00000 ©0.00000 ©.00000
POd=- 0.00000 0.00000 0.00000

S/ MpO2 (OH) 2~ NpOICOd - 0.00000 0.00000 O.00000

MpO3 (OH) 2- HpO2 (€O 2~ 0.00000 ©.00000 ©.00000

MpO3 (OM) 2- HpO2 (COY) Ymmm 0.00000 ©0.00000 ©.00000

RpO3 (OH) 2= HaPOd =~ ©.00000 .00000 0.00000

1 mpodicHI2- HPO4= 0.00000 ©0.00000 ©.00000

% (OH) 2= POd=- 0.00000 ©0.00000 ©.00000

WpO2 (€03 ) 2e- 0.00000 ©0.00000 ©.00000 i =
WpO2(COY)Iwe- 0.00000 ©.00000 0.0

5 HIPO4 - 0.00000 ©.00000 0.00000

RpO2C0)- HPOA® 0.00000 0.00000 0.00000

NpO2COl- POd - 0.00000 0.00000 ©0.00000

HpO2 (CO3)2e=  MPOI(COI)Jwe- 0.00000 0.00000 ©0.00000

KpO3 (CO3)q=-  HIPOA- 0.00000 ©0.00000 ©.00000

70 WpO1(COl)dm-  HPOdw 0.00000 ©.00000 0.00000

71 WpO2(CO3)2e- POd=- 0.00000 ©0.00000 0.00000

72 HpO3(COY)Ime- HIPOA- 0.00000 0.00000 ©0.00000

973 Mpoa (COY)Jme- HPOA® 0.00000 ©.00000 0.00000

74 NpO2(CO})Jan- POds- 0.00000 ©.00000 0.00000

75 Harod- HPOd= ©0.00000 ©0.00000 0.00000

75 MaPod- POde= ©.00000 ©.00000 0.00000

Bg HPOd= POt 0.00000 ©0.00000 ©.00000

g?g Heutral-Cation Binary Interactions: lambdain,c)
1 02 (agq) Cac0) (ag) MgCOJ (ag) BIOH)J(aq) WpO2OH(ag) KIPOM(ng)
0.00000 0.00000

082 mae 0.10000 0.00000 0.00000 -0.09700
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K+ 0.05100 0.00000 0.00000 -0.14000 0.00000 -0.07000
Case 0.18300 0.00000 0.00000 0.00000 ©.00000 ©.00000
Hgee 0.18300 ©.00000 0.00000 Q.00000 0.00000 0.00000
HJOHe 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©9.00000
He 0.00000 ©0.00000 ©.00000 0.00000 ©.00000 0.29000
MgB(OH) 4+ 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
CaB(CH) 4+ 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000
Amese 0.00000 9.00000 0.00000 ©.00000 0.00000 ©.00000
AmCO}» 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000

Heutral- Anien Binary Interactions: lambda(n,a)
C02 (ag) CaCol(aqg) MgCOd(ag) BIOH)I(ag) NpO2OH(aqg) HIPOM(ag)
o Oﬂ“:q 100 £ e

R s Gy e gt
d 2

-

=0.00500  0.00000 i 0.0910 0.00000  ©.00000
504w 0.0§700  0.00000  0.00000  0.01800 ©0.00000  ©0.00000
HE04~ -0.00J00  0.00000 0.00000 0.00000 0.00000  0.00000
OM~ 0.00000  0.00000  0.00000  ©.00000 ©.00000  0.00000
HCO3 = 0.00000  ©0.00000  0.00000  0.00000  ©.00000  ©.00000
code 0.00000 0.00000  ©0.00000 0.00000 ©.00000  ©.00000
BIOH) &~ 0.00000 00000  0.00000  0.00000  0.00000  0.00000
BI03 (OH) &~ 0.00000  0.00000  0.00000 -0.20000 0.00000  ©.00000
B4OS (ON) &= 0.00000  0.00000  0.00000  0.00000 ©.00000  ©.00000
- 0.00000  0.00000  0.00000  0.00000 0.00000  ©.00000
010 Amicod)a- 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
011 amicod)d=- 0.00000 9.00000 0.00000 ©.00000 0.00000 0.00000
012 cio4- 0.00000 00000 0.00000  0.00000  0.00000  0.00000
13 Rpo2 (oH) 2- 0.00000 0.00000  0.00000  ©0.00000  ©.00000 - 0.00000 =
14 * Npo2COd - 0.00000  0.00000 0.00000  0.00000  0.00000  0.00000 5
15 Mpo2 (co))2e- 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
018 }gozlwsno- 0.00000  0.00000  0.00000 ° 0.00000  0.00000 * 0.00000
017 Hapod- 0.00000  0.00000  ©.00000  0.00000  0.00000 -0.40000
18 Mpods 0.00000  0.00000  ©.00000  ©0.00000 0.00000  ©.00000
19 Podw- 0.00000  0.00000  0.00000  0.00000  ©0.00000  0.00000
Heutral-Cati Ani Ternary ions: rzetais,c.a)

SRS

3
1024 Co2(aq)  CaCO] (aq) MgCOllag) B(OH)] (aq RpOIOW(Rg HIPOL (ag)
5 cl- 0.00000 0.00000 c}.mnn'u.;a1 0.00000 o.onm“ 0.00000
2 E04= 0.00000 0.00000 0.00000 0.04600 0.00000 0.00000
7 HEO4- 0.00000 0.00000 0,00000 0.00000 0.00000 ©.00000
028 oH- 0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000
029 HEQ)- 0.00000 0.00000 0.00000 ©0.00000 ©.00000 ©.00000
030 cod= 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
8(!1 BlOH) 4~ 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000
gz B30 (CH) 4~ 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
BAOS (OH) 4= 0.00000 ©.00000 ©0.00000 ©.00000 0.00000 ©.00000
3334 Br- 0.00000 ©0.00000 ©0.00000 0,00000 .00000  0.00000
5 Am(CO))2- 0.00000 ©0.00000 0.00000 0.00000 0.00000 o
ggﬁ Am(CO3) J=- 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
7 clo4- 0.00000 ©0.00000 0.00000 ©.00000 ©0.00000 ©.00000
HpO2 (oH) 2= 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
NpOC03- 0.00000 ©0.00000 ©.00000 0.00000 0.00000 O. 0
NpO2(COJ)2=-  0.00000 ©.00000 0.00000 0.00000 0.00000 ©,00000
04 MpO2(CO3)I=e-  0.00000 -0.00000 ©0.00000 ©.00000 0.00000 0.00000
042 H2PO4~ 0.00000 0.00000 ©.00000 0.00000 0.00000 ©,00000
gt_‘a RPOd= 0.00000 ©.00000 ©0,00000 ©.00000 0.00000 ©0.00000
POds- ©.00000 ©0.00000 ©.00000 0.00000 0.00000 0©.00000
045 cl- 0.00000 ©.00000 0.00000 ©0,00000 ©0.00000 0.00000
545- E04m 0.00000 ©.00000 0.00000 0.00000 00000  ©.00000
HED4- 0.00000 0.00000 ©.00000 0.00000 0.00000 ©,00000
OH- 0.00000 0.00000 0,00000 ©.00000 ©0.00000 ©0.00000
] HEO3- 0.00000 ©.00000 0.00000 ©.00000 0.00000 ©0.00000
0 col= 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
1 BOH) 4~ 0.00000 ©0.00000 0.00000 0.00000 0.00000 ©.00000
2 B301 (OH) 4= 0.00000 ©0.00000 0.00000 ©.00000 0.00000 ©.00000
53 B4OS (OH) 4= 0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 0.00000
ggt Br- 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0,00000
K] Am(C03) 2~ 0.00000 ©.00000 0.00000 ©0.00000 0.00000 0.00000
8%? Am(CO3) Je- 0.00000 0.00000 0.00000 0.00000 0.00000 00000
5 C104~ 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 0.00000
g MpOZ (OH) 3- 0.00000 ©0.00000 0.00000 0.00000 ©0.00000 00000
- 0.00000 0.00000 0.00000 ©,00000 0.00000 ©.00000
MpO2(COJ)2=-  0.00000 0.00000 0.00000 0.00000 0.00000 ©0.00000
1 (CO3)3==-  0.00000 ©.00000 ©0.00000 0,00000 0.00000 0.00000
- 0.00000 ©.00000 0,00000 ©.00000 0.00000 ©.00000
3 HPO4 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000
gga POd=- 00000 ©0.00000 ©.00000 0.00000 0.00000 ©.00000
5 cl1- 0.00000 ©0.00000 0.00000 ©.00000 ©.00000 3
oeg E04w 0.00000 0.00000 ©.00000 ©0.00000 0.00000 ©0.00000
%ﬁ HEOd - .00000 .00000 ©0.00000 0.00000 0.0 0.00000
OH- 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
0eg HCO3- 0.00000 0. 0  0.00000 ©0.00000 0.00000 ©.00000 .
g?a colm 0.00000 0.00000 ©.00000 0.00000 ©0.00000 ©.00000
71 B{OH) 4= 0.00000 0.00000 0.00000 0.00000 .00000  0.00000
072 BIOI (OH) 4= ©.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000
073 BAOS (OH) 4= 0.00000 ©0.00000 ©0.00000 0.00000 0,00000 0
074 Br- 0,00000 ©.00000 ©.00000 0.00000 ©.00000 ©.00000
75 Am{C01)3- 0.00000 0.00000 ©.00 0.00000 0,00000 0.00000
7B Am(C0))Jan 0.00000 ©0.00000 0.00000 0.00000 ©.00000  0.00000
or7 Clo4- ©.00000 0.00000 ©.00000 ©0.00000 ©,00000 0.00000
HpO2 (OH) 3~ 0.00000 0.00000 ©0.00000 0.00000 ©.00000 0,00000 g
7 col- 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000 0.00000
MpOI(CO3)2=-  0.00000 0.00000 ©0.00000 © 0 0.00000 0.00000
HpO3 (CO3)Jww=  0.00000 0.00000 0.00000. 0.00000 0.00000 0.00000
M2PO4~ 0.00000 ©.00000 0.00000 0.00000 ©.00000 ©.00000
HPOd= 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000
3 POda- 0.00000  ©.00000 .00000 0. 0.00000 ©.00000
S c1- 0.00000 00000 0.00000 0.00000 0.00000 ©.00
g S04s 0.00000 ©.00000 0.00000 ©0.00000 0.00000 ©.00000
2 HEO4- 0.00000 ©.00000 0.00000 0.00000 ©.00 0.00000
oH- 0.00000 ©.00000 0.00000 0.00000 ©.00000 00
1 [ ©.00000 0.00000 ©.00000 0.000 0.00000 ©.00000
1 cole 0.00000 ©.00000 0.00000  0.00000 0.00000
1021 Hges BIOH) 4~ 0.00000 0.00000 ©0.00000 0.00000 0.00000
1 BI01 (OH} 4~ 0.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000
3 BLOS (OH) 4= 0.00000  0.00000 -00000  0.00000 0.00000 0.00000
. Br- 0.00000 O. 0  0.00000 0.00000 ©.00000 .00
5 Am(cod) - 0.00000 ©0.00000 ©.00000 0.00000 0.0 0.00000
Am{COY) Jm- 0.00000 O. 0 0.00000 0.00000 0.00000 0.00000
7 clo4- 0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000
838 WpO2 (OH) 2- 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
Rpo2C0) -~ 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
1 HpO32 (€03 ) 2=- 0.00 0.00000 ©.00080 0.00000 ©.00000 ©,00000
101 NpO2(CO))3=s-  0.00000 0.00000 0.00000 0.00000 0.00000 O. 0
1 HIPO4 - 0.00000 O. 0.00000 O. 0.00000 0.00000
1 HPO&= 0.00000 ©.00000 0.00000 ©.00000 ©0.00000 ©.00000
13; POd=- 0.00000 ©.00000 0.00000 0.00000 0.00000 0.00000
1 c1- ©.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
1106 S04= 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Appendix J: OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT

504~

OH-

HCO3 -

o=

BlOH) 4=
B30) (oH) 4~
B4OS (OH) 4=
Br

Am(C03}3-
Am(CO)) Y-
€104~

:m (oMl 3~
WpO3(C03) 3=~
NpO2 (C0) Jma~
HIPO4-
HPOd=
POd=-

cl1-

EQds

HE04 -

OH=

HOO3 -

Col=

B(oH) &~
B303 (OH) 4~
B4OS (OH) 4=
Br-
Am(COl)3-
Am(CO) Ju-
Cloa-

RpoO2 (OH) 2~

(COY) 3m=
(€03 ) Jmme
HIPOA -

HPO4=

POd=-

Am(cOd) 2=

RpO2C0) -
Hpo2 (€03} 3w-
HpO2 (€03 ) Jmu-
HIPO4~

HPOd=

PO4-

c1-

£04

Cloda-
WpO2 (OM) 2~
RpO2 (C01) 3w~

Aoess HpO2(C0)) 3=
Aamess HpO2(CO3) Jaw-
HIPO4~

Amess HPOd=
Amees POd=-
ARCO) €l-

AmCO) . 504=

AmCOl e HEOd -
AmCO) + OH-

AmCOY+ HCO)-
AmCOd Col=
AnCOl+ BIOH) &~
AmCO) + BI01 (OH) 4=
AmCO)+ B4OS (OHI 4=

AmCCd Am{Cod) 3~
AmCo) e Am(C0))Je=
ARCO)+ . cloa-
AmCOl+ RpO2 (OH) 2~

AmCOY+ WpO3 (C03) Ze=
O3« NpO3 €03} Jum~
AmCOd HIPO4-

AmCO) HPO4=

AmCO) e POd=-

Theses cl-

0.00000
0.00000
0.00000

i

HHHHH

i

i

oooco0c00CO0OO0000OO0O0C0O0O0OO0O000000

0.00000
©.00000
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B{OH) 4~ 0.00000 ©.00000 0.00000 ©.00000 0.00000 0.00000
BI03 (OH) 4~ 0.00000 ©0.00000 ©.00000 ©0.00000 0.00000 0.00000
B4OS (OH) 4= 0.00000 0.00000 ©0.00000 ©0.00000 ©0.00000 0.00000
Br- 0.00000 0.00000 0.00000 ©.00000 0.00000 ©0.00000
Am(CO3) 2=~ 0.00000 0.00000 0.00000 ©0.00000 ©0.00000 0.00000
Am(COY) Ju- 0.00000 ©.00000 0.00000 ©0.00000 ©0.00000 0.00000
Clod= 0.00000 ©0.00000 ©0.00000 ©.00000 0.00000 ©.00000
HpO2 (OH) 3~ 0.00000 0.00000 0.00000 ©0.00000 ©.00000 0.00000

- 0.00000 ©.00000 0.00000 0.00000 0.00000 ©,00000
HpOd (CO3) 2e= 0.00000 ©0.00000 ©.00000 ©.00000 0.00000 ©.00000
HpOl1({C03)Iws- 0.00000 ©.00000 0.00000 ©0.00000 ©0.00000 ©.00000

H2PO4- 0.00000 ©0.00000 0.00000 ©.00000 ©0.00000 ©0.00000
HPO4= 0.00000 ©0.00000 ©0.00000 0.00000 0.00000 ©0.00000
POdu- 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000
Cl=- 0.00000 ©0.00000 ©0.00000 ©.00000 ©.00000 0.00000
EOd= 0.00000 0.00000 ©0.00000 0.00000 0.00000 0.00000
HEO4- ©0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000
OH- 0.00000 0.00000 ©.00000 0.00000 ©0.00000 0.00000
HCO3- 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000
ol ©0.00000 ©0.00000 ©0.00000 ©.00000 ©.00000 0.00000
B(OM) 4~ 0.00000 0.00000 ©.00000 0.00000 ©0.00000 ©,00000
B10) {OH} 4~ 0.00000 ©.00000 0.00000 ©0.00000 ©.00000 ©.00000
BAOS5 (OH)} 4= 0.00000 0.00000 ©0.00000 0.00000 ©0.00000 0.00000 5
Br- 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00000 .
Am(C0d) 2~ 0. ©0.00000 0.00000 0.00000 0.00000 ©.00000
Am(C03) Ju- 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
04~ 0.00000 ©.00000 0.00000 0.00000 0,00000 ©0.00000
HpO2 (OH) 2= 0.00000 ©.00000 ©0.00000 0.00000 ©.00000 O©.00000
4 - 0.00000 0.00000 ©0.00000 ©.00000 0.00000 0.00000
Wpol (00 ) 2=~ 0.00000 ©0.00000 0.00000 ©.00000 ©0.00000 ©0.00000
1 U02es MpO2(CO3)3es-  0.00000 0.00000 0.00000 0.00000 ©0.00000 ©.00000
2 Uo2ss HIPO4~ ©0.00000 ©.00000 0.00000 0.00000 ©.00000 O.00000
US2es HPO4= 0.00000 0.00000 ©.00000 0.00000 0.00000 ©.00000
U02ee POd=- ©0.00000 ©0.00000 0.00000 0.00000 ©.00000 0.00000
5 Npole cl- ©.00000C ©.00000 O.00000 ©.00000 ©.00000 O.00000
ss Npode E04= 0.00000 ©,00000 0.00000 0.00000 ©.00000 ©.00000
7 NpOZe HE04~ ©.00000 ©.00000 0.00000 0.00000 0.00000 ©.00000
33& BpOis OH- 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000
9 mMpo2+ HCOO~ 0.00000 0.00000 ©.00000 ©.00000 0.00000 ©.00000
1270 wpoas Cole 0.00000 " 0.00000 ©0.00000 0.00000 ©.00000
221 HpO2+ BlOH) 4~ ©.00000 ©0.00000 ©0.00000 0.00000 0.00000 ©.00000
1%!’2 HpOl+ BIO1 (OH) 4= ©0.00000 0.00000 ©.00000 0.00000 ©.00000 0.00000
1273 wpoas B4OS(OH) 4= ©0.00000 ©0.00000 0.00000 0.00000 ©.00000 ©0.00000
1274 wpoas Br- 0.00000 ©0.00000 ©0.00000 0.00000 ©0.00000 0.00000
1275 wpoize Am(C03) 2= 0.00000 ©.00000 ©.00000 ©0.00000 ©.00000 0.00000
12_;,§ HpO2+ Am(CO3) Im= 0.00000 0.00000 0.00000 0.00000 ©0.00000 0.00000
1277 Npo2e Clo4- 0.00000 ©.00000 O.00000 0.00000 0.00000 ©.00000
1278 mnpo2e RpO2 (OH) 2~ 0.00000 ©.00000 ©0.00000 ©.00000 0.00000 0.00000
1279 wpoze NpO2CO) - 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000
tggo NpOls NpO2 (C03) 2e- 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1281 mpoae Np02(CO))Jws=  0.00000 0.00000 ©0.00000 0.00000 0.00000 ©0.00000
12B2 wpoie Hapod- 0.00000 0.00000 0.00000 ©.00000 0.00000 O©.00000
1263 mpoie HPO4= 0.00000 ©0.00000 ©.00000 0.00000 ©.00000 0.00000
1284 mMpo2e POd=~ 0.00000 0.00000 0.00000 ©.00000 ©.00000 ©.00000
285 using PITZER ACTIVITY COEFFICIENT model
gﬁ Charge Balance replaces element Cxygen
288
]ﬁ this is & BATCH problem
gﬂ‘l FOROSE file name im Ul:[SCBABA.PHT.UM)BATCH_DOC.FOROSE;1
?gg Ideal Gas is Unicy (Di 1 ]
}g“‘ Texperature = 298.15 (=] degres Kelvin
3
12
%ﬁ 115 Specles 23 Elemants
Egg Element Namo Molecular Welght
30 oo 15199540
g% Bodium 22.98977
Potassium 35.09830
304 Hagnos ium 24.30500
305 Calcium 40.08000
236 Chlorine 35.45300
7 sultur 32.06000
gﬁ Carbon 12.01100
Poalon 0.00000
1310 Neglon 0.00000
11 Adr 28.84000
12 Boron 10.81000
J13 Bromine 79.50400
214 TracerEl ©.00000
15 ThiIVi 232.03810
316 Am(IIT) 241.00000
37 uivI) 238.03900
1 'lg 237.04820
131 Clo4- (EL) §9.45060
20 30.57400
321 Electron 0.00000
22 0.00000
3
325 Epecies Hame Phaso Mol.wt, Etd Chemical Potemtial, u/RT
13226 1 H20 WATER agueous 18.015 -95.6615
' 2 Has Mas agueous 32.99%0 =105.6510
328 1K+ X+  mQuecus 39.098 -113.9570
&) 4 Case Cass aguesous 40,080 =233.3000
gao S Mgesr Mge+ agueous 24.305 ~183. 4680
1 & HgOHe HgOH+ aquecus 41.313 - =351.9400
ggg T He He agueous 1.008 0.0000
14 8 Cl- €l- aguecus 35.45) ~51.9550
1334 9§ S0d= Eod=  agquecus #6.058 =300.3860
335 10 HsoO4- . HSO4-  nqueous 97.066 -304.9420
ggﬁ 11 OH- OH- aquecus 17.007 .4350
7 12 WCO)- HOO3-  mquecus 61.017 -216.7510
13 - C03=  aguecus £0.00% =212.9440
x 14 €02 tag) C02(aq) aguecus 44.010 ~155.6800
15 CacCOl (ag) €aCol(ag) aquecus 100.08% =441 .5000
ggt 16 MgCO3 (ag) Mool (aq)  agquecus 84.314 -401.1550
2 17 BloH)I{aq) B(OH)] (aq) aquecus 61.832 =390.8100
343 18 BlOH)4- BlOH) 4~ agueous 78.839 ~465.2000
344 19 BYO) (OH)d~ BO) (OH) 4~ aquecus 148,457 -961.7700
1345 20 D4OS(OH) 4= B4O5 (OH) 4=  aquecus 191.266 =1239.1000
‘Igig 41 CaBiOH)4+ CaB(OH)d4+ agueous © 1181919 -692.3000
1 22 MgB(OH) 4+ MgB(OH) 4+ aquecus 103.144 =-651.8900
348 2 Br- ¥ Br- . aguecus 79.904 =999 .9500
J48 24 clod- perchlorate Clod- agueous 99.451 -999.9900
1 §0 25 BaoH{ag)..... .to.titrate.base.only agqueocus 19.997 500.0000
1 26 KCl(ag).......to.titrate.acid.only agueocus 36.461 500.0000
352 27 mclod(aq).....to.titrate.acid.only aquecus 100.45% 500.0000
1353 28 Poslon.......... POSITIVE.ION aqueous 0.000 0.0000
1 29 Feglon....ceesioeeee NEGATIVE.ION aquecus 0.000 0.0000
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Appendix J: OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT
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452 9
1453 10
12

456 1
42: 14
4 15
45 16
17

1462 1
1 20

B e de D BB b BB h§§§ a8
RES BN

]
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54 Ha3NpO2 (CO3) 2 (#) _DISABLED_DIGABLED
AmOHTO) (c)

Poslon(OH) (aq).....to.titrate.base
to.titrate.acid

Am(OH) 3 (ng)

A=m(OH) 3 (ng)
Thesss Thesss

UO2es U{VI)0Zee

HaNpOICOl (8) e ______MaNpO2Col(e)

3e)
AnloH) (s ____Am(OR) 3 (s
Hahn(C03)2.6HI0(c)
l-wlm.._.—mm

Raxl | m:wwtnuum1uuu-
Cacla. 6HI0,
Cac0l,

_.._Aﬂwu: t:-

MgC12. 6HA0, Sinchot ".
mublla ﬂﬂo_,._.llnﬂl..u
Mg (OH)2__ ta
m’lmn_...__mn.u
Cacol

CaCll.4W20_____CaCl2 Tetrahydrits
CadCl2(OH) 6. 1:|m_mlwi¢- A
Ca2C12 (OW) 2.HI0____Caoxychloride B
WMgCl).6HI0_______________ Carnallite
um.'mo._._.___l?-mn
CaNa2{C0O3)2.5H20_____Gaylussite
ca 12 lauberite
Cas0d . IHI0, Gy
RaC Halite
Lol Tl — L )
w:m K0 Kainite

elicint
Kisserite
te

Mg504 . M3
ﬂlﬂ:mn.mo
HadCa(504)).2H20_____ Labile_salt

it

HgCol

Mg2Cl (OH) ) . 4HI0______MgOxychloride
EMSOA______________ Marcallite
Ha2cod. lﬂlnﬂ__.lurwu ite
KEHE (50417, 3
HaHCTO

KIC0) . 1/3H20, nmnnq_urm“
KBH4 (€03 ) 6. 3HI0___X~-Sequicarbonate
KNaCO3 . 6H20, ..__._..I-N--l:umu
KINaH(C03)2.IHI0__Potas

sium_Trona
KIH(504) !_juq\l ipotassium_Sulfate
KalH(504) 2 IH“I_NI.!I“
u-m: 7

e
l!'l.vlto
m (so4)2.H30_____Symgenite

mmu.um te @molid
mniu wsolid

Ha2Col . K0,
II)HlEﬁ!IJ dR20____
HNalB407.10H20,
B{OM) 3

X28407. Iﬂq__l-—‘h:rmn_{n £) wmolid
BaR032 . 4H20, solid
HaRSO8. un_Pentaborate solid
KaBOJ .MaCl.3HI0_Teepleite_(20_C) solid

Formula Matrix

BIO) (OH) &~
BAOS (OH) 4=
CaB(OH) 4=
MgB(CH) 4+
Br-

Clod- pe
Mlql...”.te tl
HCliagl... tl

-

-

g
L e e L . - - T - T - T
BAMOOHOOOOHODARILNAUWWNUWWHAMADOODHOOOOM
000000000 OHD000ODD0000000000000000OHD
0000000000000 OD0000D00D00000D0DODOHDO
0000000000000 O0D0OD00000000~EOO0D

0000000000000 DO=00000OHO000000DDDOHDOD

OO0 0000ONOD000000000000000 0000000

0000000000000 000000000000NNO0O00D000

000000000000 000000ONM NMNNOOOOO0OOOO0OO

000O0OMOMDOOO00000000000000000C0000C000

O00O-OoOMOO000D00000000000000000000000

6000000000000 0000000000000000000000

CO00COC00O00000WHAWNMNODODOODODO000000000

-369.1270
=-438.5180
=505.8290
=554.4520
-808.4010
=1019.5%180

=1196.49%40
=70%.7500
=513.7300
=1057.0500
~-893.6500
-455.1700
=532.3900
=-853.1000
=138).6000

-2658.4500
=778.4100
=1020.3000
=1157.8300
=1360.5000
=1047.4500
=735.5600
=154.9500
=1061.6000
=938.2000

-1403.9700
-1751.4500
=414.4500
=1029.6000
=417.5700
~1471.1500
=3039.2400
=343.3300
=1382.7800
-655.1000
=15%6.1000

-2202.5000
=362.1200
=577.3700

=2555.4000

=1006.8000
=$71.7400
=950.8000
=919.6000
=1094.9500
~164.8400
=1164.8000
=2015.9000
=512.3500
=518.8000
=$60.3800
=2324.1600
=390.8800
=1770.2600
=1661.4700
=T61.4200

1854.8000

=735.7700

0000000000000 00000C000000000000000
0000000000000 000000000000000000000
0000000000000 00D00000000000000000000
000000000000 00000000000000000000000

0000000000000 000000C00000000000000

0000000000000 000000000000000000000

000000 DOHOOHODOD000000000000D00D000D

e~ OOOO0DOO000O00000000000D00C0ORBRO00BD

0000000000000 0D0000000000000000000O

DN DR N O]
L e e . e e Lt
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OUTPUT File Listing of HMW_NP_AM_RTEST.CHEMDAT

23

ersion

"V

J

User’s Manual, Version

Appen
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2.4 ‘Wpiv) d) . . . .Hp (V) OI0H (aged) *
a.43 'Wl\ﬂmlnﬂr) ht\f‘lmlml'
a.4) ‘HaNp (V) 02001 (#) . . . .HaMp (V) 02003 (s} *
a.4) nnwmmm MWIW]IIIII'
2.43 AmOHCOY (€}
2.43 Am{OH}] (8]}
2.43 Hakm({C01) 3. 6HI0(c)
2.43 “AmPOd (€)
a980.40 CaS04 Anhydrite CRC p.B-181:18%5
2.4 Haxk)(504)2 Aphthitalite/Glaserite .
1.4 CaCl2.6H20 Antarcticite
2940.40 cCacD} Aragonite CRC p.B-181:185
2661 .40 um Arcanite CRC p.B-181:185
a.43 2.6H20 Bi tite
2250.40 mltﬁlﬂ 420 Bloedite CRC p.B-181:185
2190.40 Mg (OH)2 Brucite CRC p.B-181:185
2.4)  HaGCO) (504)2 Burkeite
2828.40 CacOd Calcite CAC p.B-181:185
2.4} CaCll.dHX cacla '!Itlllnﬂﬂ'lt.
2.4 Ml:toﬂl‘ 1JK20 da A
2.41 CalC12(OH)2.H20 mlo:-h B
1602.40 FMgCll.6HIO Carnallite CRC p.B-1811185
1677.40 Mgsod.7HIO te CRC p.B-181:188
1991.40 CaNal(C0l)3.S5H3I0 CRC

2800.40 MaICa(S04)2

PPRRGBEMIAOANAGL &AL B & 1 AU AR SN NN S 1 S BN T S omiom s

2335.40 Cas04.3HIO Cypsun P 811
2165.40 MaCl Halite CRC p.B-181:185
2.43  Mgs04.6HI0 Haxalydrite
2150.40 KMgC1504.3H20 Kainite CRC p.B-181:18S
2.4) KHCO) Ealicinite
2571.40 MgS04.HIO Eleserito CRC p.B-181:185
2.4)  EKang(504)2.4H30 Leonite
2.4  NadCa(SO4)).2H20 Labile salt
3210.40  Mgoo3d Magnesite CRC p.B-181,185
2.4)  Mgacl(OH)).4H20 Mgoxychloride
‘2.43  EHSO4 Harcallite
1490,40 Kal50d.10H30 Mirabilite . CRC p.B-181:185
2.4} K8HE(504)7 Hisenite
a.a 3 Mahcolite
2.4) HaJCol.10HIO Katron
2.4)  MgCO).JH20 Nesquehonite
2.4 :mmmn 6H20 Picromerite/Schoen
2.4) HNalCa(C03)3.3M30 Pirsscoite
2.4) KaMgCal (504)4.2H30 Polybalite
2.4 Ca(CH)2 Portlandite
2.43 EK2003.)/3HI0 tassium Carbonate
2.4) KBHA(COI)E. :llr.lu K-Sequicarbanate
2.4 ENacO).6HIO K-Ma-Carbonate
2.4) EKINaM({CO3}2.3HI0 Potassiums Trona ’
2.4 EKIH(S504)2 Sesquipotassium Sulfate
.4 12 Bulfate
2.4} HalC0l.TH20 HalCo)-Haptahydrate
1950.40 KC1 Sylvite CRC p.B-181:185
2.41 K2Ca(504)2.HIO Syngenite
2.4)  MgaCaClé.12H20 Tachyhydrite
2.4} Na2504 Thenardite
2355.40 Nal -H20 Tharmopatrite CRC p.B-181:185
2140.d40 NalH(CO))2.2H20 Trona CRC p.B-181:185
1715.40 NalB4O7.10H20 Borax CRC p.B-181:185
2.4)  BI(OH)3 Borix Acid Solid
2.4) XB508.4H10 K-Pentaborate (30 C)
3.4) KI1B407.4H20 K-Tetraborate (30 C)
2.4)  NaBO1.4HIO Sodium Metaborate
2.4] NaB508.5H20 Sodium Pentaborate
2.4)  RaBOZ.MaCl.2H20 Tespleite (20 C)

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
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: Sample Output File “BATCH_DOC.OUT”

file name im:Ul:]
INQUESS file name imiUls]

. INGUES!
QUTPUT  (lle name ie:Ul:|SCRAER.PMT.UN) BATCH_DOC.OUT: 1

CHEMDAT file name is Ul [ECBABS.FMT.UM] PMT_HOI_NP_AN_RTEST .CHEMDAT; 1
Tesperature is Hard Coded as 298.15K

DD~ ON0N A WA = OO~ DU LN =

T

2ERULSANEH LB ABRURNELRUBERNSORENES

o
o

G

B S R S RS e B NN N YIB R IR RRER2RSRS

—

““%ﬁé&ééﬁeé&%a

g gy
Awhia

| .FD. TITRATE) BATCH_DOC. in; to illustrate/document *BATCH® runs T V2.3
DATABASE: |OTN04/PWBE) Np (V) -Na~CO3~OH-C1-C10& (NR94);
$5.01.31  Am(11I)-Na-C1l-CO)-504-PO4 (FRSRES,FRPIO0,PIL, RFFRIZ, RFFI4, RAFFSL)
**s ECHO PRINT OF *CHEMDAT® PILE WOULD BE HERE ***
ses SEE APPENDIX J wes
will calculate gn=ma for B3O)(OH)4- B30) (OH) 4~
will calculate gamma for BAOS(OH) BAOS(OH)d=
will calculate gamma for HCl(aq). ++sto.titrate.acid.only
will caleu o gumea for MaoM{ag)......to.titrate.base.only
SOLUBILITY VIoL
" MgioH)2 Bruei **  1.00E+0]1 **
sessssnsnnan ILITY m VIOLATION®®**ssssssssns
** MgIC1(OM)3.4HIO___ MgOxychloride ** 6.69E400 *~
2 Solubility Product Violations
Ading s0lid HIOH) 3 __Brucite
¢ inversions for batch B4
1| .FO.TITRATE] BATCH_DOC.in; to illustrate/document *BATCH* runs T Va.3
DATABASE: HMWO4/FWB6; Np(V)-Na-C0)-OH-CLl-Cl0d (NR94);
$5.01.31 Am(III)=-Na-Cl-CO}-E04-PO4 (FRERAD,FRF90, PI1.RFFRIZ, RFFI4 . RAFFI4)
P 1. (=] AT Temperatures 2.98E+02 (=] Kalvin
Elemantal Abundances for Flash Problem
Total Holes Aq. Molality Aq. Molarity Ag. Bg/liter
Using NaCl Demsity Correlation
1.10223364E+02 1.11116160E+02 1.10754006E+02  1.11669359E+05 Hydrogen
5.51654821E+01 5.56118135E+01 5. 01 8.87) 05 Oxygen
2.00000000E-01 2.01625464E-01  2.01041045E-01 4.62188739E+0) Sodium
1.00000000E-02  1.00812732E-02  1.0052052)E-02  1.93016155E+02 Potassium
1,00000000E-03 4. 6467I768E-08  4.63)26894E-00  1.12611601E-03 4
1.00000000E-04 1.00812732E-04 1.00530523E-04 4.02886354E+00 Calclum
1.10000000E-01 1.10894005E-01 1.10572575E-01 3.92012950E+0) Chlorine
1.00000000E-01 1.00812732E-01 1.00520523E-01  3.32268795E+01 Sulfur
1.00000000E-04 i.“lﬂ“:l‘-“ 1.0053052)E-04 1.20715200E+00 Carbon
0. o. 0. a. 00 Poalon
0. o0 0. }8000 e. 0. Heglon
H a0 0. 80 0. 0 ALP
1.00000000E=07 ‘I. ocu:'m:- 1. IE-07 1. 03 Boron
0. 00 0. 0. 00 0 o0 A
0. 00 0. 0. 00 0. o0 1
0. 0o 0. 0. OE+00  0.00000000E+00 {
0. 00 0. 0. 0. OE+00 Am(III)
0. 00 0. 0. 00 0. V1)
0. 00 0. 0. 0. RBp (V)
0. 00 0. OE+00 0. 00 0. Clod-(EL)
o. 00 0. ] 0.
0. Q 0. L] g0 0. 00 El
1.11805846E-16 1.12714528E-16 1.13387821E-16 ©0.00000000E+00 Charge
Solution Parameters, Calecul.
SOLUTION MASS 1002, snn:ossu grams
H2I0 MASS $91.938201296740 grams
TOS (g/kg) 10.7482096613520 gfkgHao
Epecified Solution Density
DENSITY 1007.81851904202 kg/=*) = g/l
Bolution Parameters Based on Specified Demsity
SOLUTION VOL 0.994821720420205 liters
10.7170555829390 g/l
Density based on TDS and RaCl lolutl.ml 1007.681851904202 g/l
Percant relative error va HaCl . 00 %
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Species Hame Molality Activity Act Coef Total Moles Molarity mg/liter
Hio WATER 9.92444B-01 9.93021E-01 1.001 -5.S0612E+01 . S5.5MATEE+01 9.97101E+05
Ha+ Mae 2.01625E-01  1.47085E-01  0.7295 2.00000E-01  2.01041E-01
cl- cl- 1.10854E-01 7.985%16E-02 0.720d 1.10000E-01 1.10573E-01
OH- OH= 9.87965E-02 7.1375)E-02 0.7224 9.80001E-02 9.85102E-03
K+ Ke 1 7.14143E-01 0.7282 1.00000E-02 1.00521E-01
- E04= 1. 2.24998E-04 0.2232 1.00000E-03
Mg loH) 2 Brucite 1.008008E-0) 1.00000E+00 1.000 9.99954E-04
Cass Cass 1.00115E-04 0.2007 9.91083E-05
cols Col= 1.00005E-04 0.2449 9.91991E-05
BlOM} 4= BIOH) 4= 1.00709E-07 0.6566 9.98971E-08
Hges Hges 1.09873E-08 0.2332 1.08988E-08
HgOHe HgOHe 3.54368E-08 0.7550 3.51413E-08 2
HgCTol (ag) HgTol (ag) 5.33106E-11 1.000 5.279158-11 5.30663E-11 4. C‘NN.'I-OS
Cacod (aq) cacol (agl 6.972)6E-07 1.000 6.916158-07  6.95215E-07  6.95835E-02
3= HOO3 = 1.10094E-07 1 4992)E-08  0.6812 1.09206E-07 1.09775E-07  6.698158-0)
{OH) 4+ MgB (OH) 4+ 6.1B470E-15  4.24905E-15 0.6870 6.1)484E-15 6.16677E-15  6.)6066E-10
CaB(OH) 4+ CaB(OH) 4+ 8.71370E-11 5.94047E-11 0.6810 8,65317E-11 B.69841E-11 1.03441E-05
Ilﬂl 3{ag) BOH) 3 (ag) 1.65411E-11 1.61858E-11 ©.978% 1.64077E-11 1.64931E-11 1.01980E-06
K+ 1.93212E-13  1.40201E-13 0.7356 F1654E-13 1.53652E-11 1.94173E-10
colllql 002 (ag) 2.21142E-14  2.30277E-14 1.04 2.19360E-14  3.20501E-14  9.70423E-10
HEO4 - 4.06795E-15  1.00J14E-15 0.7182 4.035198-15  4.05620E-15 l $17178-10
lllllm}li..‘llﬂﬂ_?- Seq i 1. oo 1.000 . 0. oo
NaBS08 . 5HI0____Sodium_P [ 00 1 1.000 0.00000E+00  0.00000R+00 o ooooon.ao
HaRO32 . HaCl.2HI0___Teepleite_(20_C) 0.00000E+00  1.00000E+00 1.000 . 0
cmt__l_._m ta ©0.00000E+00  1.00000E+00 1.000 0.00000E+00 0.00000E+00  0.00000E+00
HaK} (604) 3_Aphth nllt.!ﬂhll:ltl 0. 0000“000 1.00000E+00 1.000 0. WMO!’OD 0.00000E+00  O.00000Es!
CaCll.6H20, 0. 1. 00 1.000 0. 0. Q0 0.
Caco3, 0. 1. 1.000 0. 00 0. o 0. o0
K2 te ﬂ.ﬁﬂ“ﬂi’" 1.00000E+00 1.000 0. 00 o, LU i
MgC13. 6HI0, ischotite 0.00000E+00  1.00000E+00 1.000 0. 00 0.0 ]
HalWg (504) 2.4H30, Blosdite o 00 1. o0 1.000 L] 0. o0 0.

Descriptor

2.12E-10
-2.00B-07
2.82E-10
1.24E-10
1.42E-10
2.68E-10
1.28E~11
1.468-10
1.2)E-10
2. ll!-lg

=1.15E+01

=1.908E+00
=1.07E+01
=1.11E+01
=1.09E+00

=-1.528+01
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33 (604) 2,

Rasee 0. 1.00000E+00 - 1.000
m Caleite °“‘ﬁ‘A 1.0 on 1-u.°
CaCl2.4nI0, CaCll_Tetrahydrite ©0.00000E+00 1.00000E«00 1.000
Ca2C12(ON)2.H20____caoxychloride B 0.00000E+00  1.0D000E+0D 1.000
FHgC1) . 6H30, Carnallite 0.00000E+00  1.00000E+00 1.000
MgEO4. THIO______ 0.0 1.00000B+00  1.000
Cllllllﬂ!ll Slﬂﬂ_...__ml.llnlu ©0.00000E+00  1.00000E+00 1.000
HalCa(504) 2, ite 0.00000E+00  1.00000E+00 1.000
CasOd.2MIO___________________ Oypsum 0.00000E+00 1.00000E+00 1.000
HaC te 0.00000E+00  1.00000E+00 1.000
M504, 6120, Wexahydrite 0.00000E+00  1.00000E+00  1.000
FHgC1604 . IHZ0, f 0 3: 00 1.000
Ealicl 0.00000E 1.00000E+00 1.000
- 31 i 0.00 1. 00 1.000
isod)a.aM30___________Lsonite 0.00000E+00  1.00000E+0D 1.000
HadCa(604)).IHIO___Labile_Salt e mmouo I. m”lo“ 1.000
Mogcod i 1.000
MgaClioN) ) . dH20____MgOxychloride G 00000E+00 I. mnmn 1.000
1lite 0.00000E+00  1.00000E+Q0 1.000
Na2sod.10M30 ___________Mirabilite 0.00000E+00 1.00000E+00 1.000
HaBOZ ., 4M20, Sodium Metaborate 0.00000E+00C 1.00000E-00 1.000
lite ©0.00000E+00  1.00000E+00 1.000
Ka2C01.10HIO, Matron 0.000 1 oo 1.000
it L — 4 o. 00 1. o0 1.000
Kang(504)2.6H20 ch-nu:m- 0.00000E+00  1.00000E+00 1.000
Malca(cod)2.2H30, 0.000 00 1. 1.000
KIMgCal (604) 4 . mo_nlmn- 0.00000E+00  1.00000E+00 1.000
(= Y- — 0.0 90 1. 1.000
x2c01. :lﬂlnﬂ_.,. 0.00000 1.00000E-00 1.000
6HIO, -m-cmt- ©.00000E+00 1.00000E+00 1.000
nannmn 2.3M20___Potassium Trona 0.00C00E+00  1.00000E+00 1.000
KIH(504)2__Sesquipotassium Sulfate 0.00000E+00  1.00000E+00 1.000
KalHisod)2____Sesquiscdium Sulfate 0.00C00E«00  1.00000E+00 1.000
Na2003 ., THIO____) ptany 0. 00 1. 1.000
KC vite 0.00000E+00  1.00000E+00 1.000
el R < D ey 1.
- 0 Tachyhydrite . 00 0 * .
Thenardice 0.00000E+00  1.00000E+00 1.000
KaZCol.H20, Th: ite 0.000 0 1. 1.000
hJIlll'.‘DSll 2H20, Trona a. 00 1. 1.000
Borax 0.00000E+00  1.00000E+00 1.000 "
BiOH) '.l,_____la 1x_Acid_solid 0.00000E+00 - 1.00000E+00 1.000
KE508 . 4H20___K-Pantaborate_{30_C) ©0.00000E+00  1.00000E+00 1.000
KIB407 . 4HI0__K-Tetraborate_(30_C) 0.00000E+00 1.00000E+00 1.000
EBHE (504) 7, ite 0 OW“KOM 1.00000E+00 1.000
mcn IH'II 1IH20, 1de A 1 0o 1.000
HaOH{ag)......to.Citrate. h.l. m..y 0 00000E+00  0.00000E+00 1.000
HEliag).......to.titrate.aclid. only 0.00000E+00  0.00000E+0D 1.000
B4O5 (OH) 4= | B405 (OH) 4= 0.00000E+00 0.00000E+00  2.8441E-02
D103 (OH) 4= B303 (OH) 4~ 0.00000E+00 0.00000E+00 0.3248
PH (-log[aH+]); pemH(-loglmH+]) 12.8532 13.7140
Dsmotic Coefficlient= 0.919612
f1ibrium RH (%) =  99.30331)
lonic Strength (m) = 0.213115
Denaity, kg/m) - 1007.82
£co2(gls logltcozig) = 6.98)E-1) -13.2
BOTES: = Watar ﬂnlulltr' is mole fraction HI0O in aqueous phasse
= Oas *molality® and "activity® are gas partial pressures
- *"Descriptor® maans:

*dG/RT/Inl0 for species with nonzerc concs. {(comvergence criterion)
'ntu:nt!m: Index for minerals, s:l-loollltwmi
with very small concentrations

ity) for
'lwlﬁlplrtlll pressure) for pm
Total O/RT= =5.30070149E+0)

Total Di B4
Total Sto. g alllt:.ﬂc lzupu.nl.ntlm 9
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0.00000E+00  0.00000E+00  0.0000CE+00
0.00000E+00  0.00000B+00  0.00000E+00
0.00000E+00 ©0.00000E+Q0  0.000QUE+0D
0.00000E+00  0.00000E+00  0.00000E+0D
0.00000E+00  0.00000E+00  0.00000E+00
©0.00000E+00  0.00000E+00  0.00000E+00
g. O0000E+00  0.00000E+00 g. O0000E«00
: -h. E+00 ' 900
0.00000E+00 0.00000E+00  0.00000E+00
0.00000E+00  0.00000E+00  0.00000E+00
0.00000E+00  0.00000E+00  0.00000E+00
©0.00000E+00 0.000DOE+00  0.00000E+00
g.g_mn:oea :.Omﬁ 0 NOIWIOBII
0. o 0. ﬂ‘
0.0 o0 © 00 0. o0
° i i H aa
0.00000E+00  0.00000E+00  0.00000E+00
g‘. 000E+00 :mmum 0.00000E+00
[} 0. 00 0. o0
-] -] ] ° o
00000 o 0620 00
0.00000E+00  ©.00000E+00  O,00000E+00
0.00000E+00  0.00000E+00  ©.00000E+00
0.00000E+00 0.00000E+00  0,00000E+00
:.nmmw :.mmtm 0. ouou.uo
e i 0 o
L] 00 0. 00 0. 0
H o0  ©.000 0. 00
©.00000E+00 :&0000!000 0.00000E+00
(] o 0_ on
0 oo 0 00 o, 20
0. 0 00 o0, 00
©0.000! o 0. 00 0.
H - OEsDD O, 00
L] e 0 00 0.
L] L. 00 0. 0
° o0  O.500 o 00
0.000 00 ©. 00 0. 00
o N e 5. o
9.000 e 0. 0 0. o
° 0.0 o.
2‘000“!&00 0.00000E-00 ©.00000 I»Gﬂ
0000 0.
0.00000E+00 :.-mm«nn ©.00000E+00
o ¢e o $ 9000 o @
:.mﬂﬂ!ow :.9000”&“ 9. 0000“000
v i 0.
0.00000B+00 0.00000E+00  0.00000E+00

=1.61E+01
E-01

L)
=B.41E+00
=3.77E+00
=3.50E+00
=1.06E+01

-SIE

=1.19E+01
=7.48E+00
=1.81E+01
=2.30E+01
=3.18E+01
=5.84E+00
=4.13E+00
~B.02E+00
=4 .59E«01
=5.0)E+00
=6.T6E+00
=1.32E+01
=3.16E+01
=1,.08E+01
=4.79E+01
=).5%6E+01
=1.09E+02
=1.27E+01
=2.9JE+02
=3.54E+02
=3.36E+01
=2.70E+01
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT” )

Temperature is Hard Coded as 298.15K

Benchmark TITRATE Problem, LOG10 Llon; Wp(V)02 with €03 in 5.61molal NaCl PwT V2.3
DATABASE: HoWB4/PWEE; Np (V) -Ha -OH-C1-C104 (MR94) ;
$5.01.31 Am(III)-Ka-Cl=CO)-504-POd (FREREY,FRFI0, P91, RFFRII, RFFIL, RAFFI)

1
:
7T
8
g Accuracy of reactions is > 1.0000E-06
1 1 tal is 1.0000E-18
g Buzbar of Aquecus Species is 50
4 PITIER Data Base NOT Echoed in this Run
g fpecies Order for Pitzer Paraseters
25 Cations 13
Has+ K Case MgOH.
1 MgB(OH) 4+ Cal (OH) 4+ Amses %l- ﬂ|u:0 g;:n
5 Npole
4 Anlons 20 &
5
28 c1- 504= HEO4- on- e col=
27 BloM)4- BI03 (OH) 4~ B4OS (OH} 4= Br=- An{cod)2- . Am(C0)) I=-
i clod- pe Kpol (OH)2- WpO2C01- NpO2(C0d) Im- WpO2 (€01 Jam- HIPO4 -
HPOL= PO4e-
Nesutral 6 -
co2(aq) Cacod (aq) HgCod (ag) BIOH) 3 (aq) HpO20H lag) HIPOL {ag)

using PITIER ACTIVITY COEFFICIENT model
Charge Balance replaces elesent Oogygen

:
%
H
[ ]

Ideal Gas Constant is Unity (Dimensicnless)

ature = 298.15 [=] degres Kelvin
115 Species 23 Elemants
Elament Kama Molecular Weight
Hydrogen 1.00790
oxygen 15.99940
Sodium 23.98577
Potassium 39.09830
Hagnesium a4.30500
calcium 40.08000
Chlorine 35.45300
Sulfur 33.06000
Carbon 12.01100
Poslon
Heglon 0.00000
Alr 208.84000
‘Boron 10.081000
Bromine 76.90400
TracerEl 0.00000
-] ThiIV) 232.00810
[ Am(III} a41.00000 a
% uvI) 238.02900
Rp (V) 237.04820 a
gg Clo4-(EL) $9.45060
T Fhosphorus 30.97400
71 Electron 0.00000
72 Chargs 0.00000
H
?g Epecies Mame Phase §td Chemical Potential, u/RT
7 1 WATER aqueous =95.6615
;? 2 Bas Ha+ aquecus ~105.6510
B 3K K+ agueous -113.9570
;ﬁ 4 Case Case  aguecus =223.3000
S Hges Mg+ aguecus ~-101.4680
g; § MgOMe MgOHs  aquecus ~251.9400
e T M H+ aguecus . _B.0000
8 Cl- Cl- aguecus -52.9550 .
9 504w $04=  agueous =100.3860
g’ 10 HsOd- HSO0d-  aquecus -304.3420
11 OH- CH~ aguecus -63.4350
7 12 Weod- HCO3-  aquecus . -236.7510
13 code CoOd= agueous =213.9440 -
14 ©03 (ag) CO02(ag) sgquecus =-155.6800
15 (ag) caCol (ag) aguecus -443.50
1 16 Hg<ol (ag) HgCCl {ag) aguecus =403.1550
17 BICH) 1 (ag) BiOH) ) (ag] agquecus =390.8100
10 BlOH) 4~ BIOH)&- mqueous -465.2000
19 BIO) (OW)d- B303 (OH) 4= aqueous =~963.7700
85 20 BOS(OH)d= B4O5 (OH) 4=  mqueocus 191.266 =123§.1000 :
96 21 caB(oH)d+ CaB(OH) 4+ aguecus - 118.919 -§932.1000
97 22 wgB(OH) 4+ MgBIOH) 4+ aguecus 103,144 -651.8900
8 3 Br- Br= aguecus 79.504 =359.9500
4 Clod- perchl clod- 99.451 =999 .9%00
5 MaoH(ag)......to.titrate.base.only aguecus 00.0000
1 6 MSliag) .. .to.titrats.acid.only aguecus 500.0000 =
02 27 wclos(eg) to. e aguecus $00.0000
8% an aguecus 0.0000
] ATUeTIs 0.0000
gg 0 BTUSTUS 500.0000
1 500.0000
Q7 2 0.0000
08 » aqueous -460.9000
Dg 4 aguesus -455.9600
1 S ATaeOUR ~439.3670
n ] aguecus =-410.9470
12 N aguecus 269,067 ~369.1370
13 e aquecus 286,054 -418.5180
1a 239 agueoun 301.062 -50%.8290
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT”

40 WpO2C03-~ HpO2COI -
41 Npo2(C03) e~ Wp3 (C0)) 3m-
42 Wpol(CO)) Im== WpO2 (COY) Jmm-
43 Amess Amesse
44 AmCO3+ AmCO) s
45 Am(Col)2- Amic03) 2~
46 Am(COd)I=- A (CO3) Ime
:1 Am(OH) 2+ Am(OH) 2+
B Am{OH) ] (aq) A
prp Fp e agq tﬁll!l:l;l‘l‘
S0 UOZes UVIIO2++
51 MpO2OH(sged) ________ NpO20H (aged)
ip (emor) NpO20H (amor )
o L[ — T
54 RalNpo2 ﬂllitll_ﬂlm
S5 AmOMCO) (c! €)
S6 Am(OH)) -:.._.....__.ntwnm
57 MaAm(C0})2.6H20(c) .
g: AnPod (c), <}
Lo I
60 Max) (504)2__Aphthitalite/Olaserite
61 CaCll.6HIO. icite
62 CaCo), s
63 RI504, te
64 Wgcla. schat ]
65 MadMg (504)2.4H20_____Bloedite
66 Mg (OH) Brucite
Ha6Cod (604)2_____________ Burked
:: Calcite
Cacll.aW3o____Cacll, htm'h
70 CadCl3 (OH) 6. 10Ha¢ ide A
71 Ca2C12(OH)2. n:u_.nmmmu » B
72 KegCl1] ., 6420, Carnallite
;: MgBOd THIO_____________Epscaite
umlco:l:.s:no_ lussi
75 Malca(504)32, o :
76 CasOd.IH3O,
77 BaC Malite
78 MgSO4.6HA0___________ Hexahydrite
7% IHao, ini
o e [T T
81 Mgsod. lﬂﬂ ll-uﬂn
83 KaMg(sod

L - —— ]
L] mtmn au:n_umuu-u:

B8 KEHE(504)7.

i et — - T Y
l-'; MgICL (OH) 3. 4H20___MgOxychlor|
EHSOA _______________ Mercall
L — T

ide
ite
te

85 KaHCo3 Raheol
T L — Batron

91 MgCold.IK2

ite

91 mtml: 6H20 Dievmlufm
irsmoni

3 KaiCa(C01)2.2

te
94 mmtmu nao_______Pol ite

95 Ca(OH)2

Portlandite

96 KIC01.]/3AHI0___Potassium_Carbonate
carbonate

7 ﬂlﬁltcﬂﬂ‘ AH20__K-Sequl;

8 KHaCO).6H20________X-Na-Carbonate

11 mlmsu IHI0__Potass

ium Trona
100 KIH(504)2__Sesquipotassium_Sulfate

101 NaJH(504)2

102 Ma2COl}.THIO___MalCO)-Heptahydrate
103 Kl —Bylvite

104 XKICaiSO4)2.MI0O_____ Syngenite
5 16.13H20,

10 ta

106 NalsO4 Thenardite

107 Haicod Thermonatrite
TT

-H20,
108 NalH(COJ)2.2HIO,
RalBdo7.

11 KaBO2.4H20,

110 B(OH) 3 s Ax_Acid_soli
A e e LI

111 KBSO8.4HI0____K-Pentaborate_(J0_ t?
112 K2B40T7. lm_._lmcl'IMntq_t o_c)

114 NaB508.5 _mlwmt“ﬂ!.

115 NaBO2.NaCl.2HIO__Twepleite_(20_C)

Truncated Name
W20

Has
K+
Cass
Hges
HgOH+

ag|

17 B(OM) 2 (ag)
BIOH) 4~

1% BI0) (OM) 4~

AR IAUVUNEYHEAMDO OO DOM

3

1] Hiag)

39 WpO3 (OK) 3~

@

@ (€03} 2m=

42 [{=-3 T TS 1
43 Amess

a

00000 ONHOO=NUWUO OO - HNOOAMMAAWUDOOO HHOONHODDOW
000000 DO0000000000000M0000000000000000000000NO

PAHUOHBNAUNAAAADO=DODOMOD

A=CO)+
45 AmiCol) 3~

0000000000000 0000000000000000000000C00000MOD

0000000000000 00000000ON00000MN000000000MMNDO0DO

Formila Matrix

0000000000000 00000000000H 00000 0000000000000

0000000000000 000000MO00000000000000000»0000000

0000000000000 000000000000000000000+00000000

M OUM-OO0000000000000000000D0NMNMNMNMODODO0O0D000

CO000O0000000000~OHO00000000000000000000000000

319.056

CO000000D00000-O=0000000000000000000000000000

0000000000000 00000000000000000C00000O00000000

CODOO000D00O0O0000000000NNAWNMDOOOOOO00C000GO0

80
-453.2940
=1396.4940
=709 .7500
=531.7300
=1057.0500
=851 .6500
-455.1700
~-532.3900

=2658.4500
=778.4100
=1030.3000
=1157.8300
=1360.5000
=1047.4500
=735.5600
54

'$79.8000
=1403.9%700

=1751.4500
~414.4500
~1029.6000
-417.5700
~1471.1500
-3035.2400
=34).3300
=1382.76800
~695.3000

=-362.1200
=577.3700
-2555.4000
=1006.8000

4
-350.8800
=1770.2600
=1663.4700
=761.4200
=1854.8000
=725.7700

OBOO0000000000000000000~0000000000000000000000
OO000000000D00O~D000000000000000000000000000000
CO000000D000000000000000000000000000000000000
MO0 O000000000000000000000000000000000000000

cpOoOOODOO0OODO000000000000DO00D000000D000DO0O0000

ODOHMNNNMNHNOD0000000000000000000000000000000000

COOO0O000000000000MOO~00000000000000000000000

CODO0000ONNEH“O0000000000000000000000800000000

CO0DOOO0000000000000000000000D000000000000000

O R RN N
0 D e e DD DO e R D

DooO=M
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Appendix M

-..-!-0‘s‘.°0..'ﬂoaou°Uoaoo“.nﬂnﬂ°nnﬁn.‘°°°oa""“°°ﬂ°°°°°°a°'°n°ﬂoon°°°ﬁ
0000000000000 000000000000000000000000C0000000C000O00O0C0O00O0D0O0OO0O0COO0O0OOGC0O0O0D
CO000000O0000OMOO0000000000000000000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000000000000000000000000000
00000 HANO000D0000000000000000000000000000000000000000000000000C00D0000
0000~ O0OO000C0 0000000000000 0000000000000000000000000000000000000C000000
MO0 0000NNNA00000000000000000000000000C000000000000000D000000D000D000D
SO0 O0C0000000000000000000000000000000000000000000000000000000000C0OO000
000000000000 0000000000000000000D00000000000000000000000000000000000000
0000000000000 0000000000000000000C00C00000000000000C00000000000000C00CD00000
0000000000000 00000000000000000000C00000000000000000000000000000OWAN NN
000000000000 000000000000000000000000000000000000000000000000000000000
o000 000000000000000000000000C00000000000000000000000000000000000000000
C00000000000000000000000000C0000C00000000000000000000000000000000000000
MO0 OO 00N ONO 00 OO0 OMMO D00 ONO0D00HNOO0OHOOOONHAONOONYANOONO00SMNOSO00000
OO 000000000 OrNNOONONONO 00O HONMONMHONNAOO NN~ O0ONOYOOO00ORNOONO~NOO0000000
0000000000000 00ONOONODODMANAOO00NO~NO0000~mO0000000000000000-MOVYD00000000 -
00000000000 0MONHOO000MHYNOONHNO00000MO000000000NANODO0D0000A~O0000000000
0000000000000 000MMMNODDOOHHNOODONHOMNOMNOOO00NNON0000000000MN0000000000
0000000000000 0NOONO000D000MO00000NHNONOOOHORO0ONONONEmNANOONNO0000OMNO00
ao°a°°°1o’ﬂ°l-nnloo'0-‘0-‘0.’ﬂ°°-‘1‘0‘-‘0-U‘o‘o.'1‘0I-:onzon°°ll".:°°°-‘."3°n°l&!—-‘

weernnnene

l]’ﬂIlli.l!l‘lll"‘lll)l’!ill“091’!313?l.l)"l‘ﬂ:.l’lll‘ﬂ. aen

L e "
0330ﬂilﬂ!Ilﬂ0Oﬂﬂ90ullﬂﬂludulﬂU‘02611.‘lllﬂ‘iﬁlﬂ..:)ﬂlSlllﬂ!iﬂliﬂ)lllﬂd

| , bmg m

m

5S4 NalNpOl(C0)2{s) _DI

55 AmONCO3 ()

S6 Am(OH) 3 (»)

B7 BalSO4.10HI0________

B8 KBHE(504)7

90 NalCOd.10HIO,
$3 KIMg(604)3.6HI0 P!
93 MalCa(CO))a. ﬂlﬂ

91 mgcol.d

g
3

B85 Mg2Cl(OH}3.4HI0____
B6 XH504

101 MaJH(04
102 Ha3c0), H;F'_J:g

103 xcl

105 MgacCacClé. umq_,.

106

8) NadCa(S04)).2H30__

71 CalCla(oW)2.H20___
72 KMg<1). 6H2O,
84 MgCO)

73 Mgso4.7
115 HaBO2.MaCl.3H30__

S7 NaAm(CO3}2-6HZDIC)_
58 AmPOd (€}

[T
70 CadCl3 (OH)6.13H30_
74 caNal (003)3.5Ha0,
75 Halca(s0d)
79 FMgC1804.3HID,
80 EWCO)
104 K3Ca(508)2.H30___
108 Ma3M(C0))3.aHI0___

46 Am{cO))dn-
47 AmiOH) 2+
76 CaSO04.2HI0
77 Kacl

81 Mg504. WD,
82 X2Mg(504)3.

48 Am(OK] ) (ag}

45 Thesss
107 Naldcol.

78 MgEO4 . 6

R R R R R R R R R B RN RR R R R R R B R R ARANRRRARNRRR

T V2.3

2.98E+02 [»] Eelvin

Aq. mg/iiter

56
~C1-Clod (NR94)
Am(III)-Ka-Cl-CO)-604~PO4 (FRSRO®,FRF90,PI1, RFFRIZ, RFFPR4, RRFFPI4)
Terperatures

Ag. Molaricy

00 i=] ATH

Elemantal Abundances for Flash Problem

L0010 option; Mp(VI0Z with COJ in 5.61molal Hacl
wm-n-ag‘

Ag. Molalivy

1

oniEa S FWEE )

file name is Ul [SCRARD.PHT.UN) PHT_JM_NP_AM_RTEST. RHOMIN; 1
TITRATE

l inversions for batch pblm

Total Moles

§5.01.01

0123.4!5-..39.01
e ————

I MONIIMT

L] g= d

w._ mmmw“m P mmm;wq,_w

3 - - Rl [tm.‘“

32336232823 akESR0ES
8882823232832233383¢
GaREsddBed
32888a388
§a5833835s
8555855885838 5858355
HO~000NONO0O0000000000000
2533338 me“ 282288881
Y
83333388258 11
L&Lm.u.t‘m.o,hmo.mommn!nnﬂct.ﬂ
3333333 $832383885888832
HE 3
SnEs8snsn g
nn38880888583855588358R
“soo.lO]Oﬂonunuoononnd
925823252288222232333838Y
gisasiiaiiiaiiis i
rEggssess H
g32883228 g
el b bbb bbb b i

SRASSNISARES

LI

grams
grams
9/xgHa0

9265717486

306.214981877726

Epacified Solution Density

1306.07033509050

EOLUTION MASS
HIO MASS

Solution Parameters, Calculated
TOS (g/kg)

P RS

el

1177.63607439202

©.006000000000000E-000 ¥

kg/m*) = g/l

on Paramatars Rassd on Specified Density
licers

/1

and MaCl molutions
or va MaCl demsity

276.07212€67047)

1177.63607439302
1.10906108219560

1

DENGITY
uei
SOLAUTION VoL
i
et

S0

e PR
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NFORMAT

Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT"

N GNLY

Activity Act Coaf Total Moles Molaricy mg/liter
8.59843E-01 1.003 5.55025E+01 9.01564R+05
3.65881E+00 0.659) 5.61000E+00 1.162908+05
4.09 2.05228-02  1.99185E+00 1.07884E+05

1.6101 o0 1.06 0,661 1.61000E+00 5.14664E-04
3 1 Heol- HeO3- 6.14734E-0)  1.5%0 0.2587 666E-01 S, 3.38170E+02
72 OH- OH=- 6.14733E-0)  4.86901E- 0.7921 S 14665E-00 5. 5!221!-01 9.42580E+01
. 373 collaq) €02 (ag) 2,36876E-09  7.15913E- 3.022 2.36850E-09  2.13559E-0%  9.)9868E-05
<374 He He+ ., 4.19954E-12 1.77955E- 0.7416 2.399278-12  2.16334E-12 1.1804)E-0%
75 Mcliag)....... to.titrate.acid.only L] e 0. 1.000 0.00000E-00 ©0.00000E+00  ©.00000E+00
76 MaOH(8g)......to.titrate.base.only 0.00000E+00  0.00000E+00 1.000 0.00000E 0. 0 0.000
7 Ha2c03.10 tron :.MDIIGIOGO 1.00000E+00 .o00 0.00000E«00 ©0.0C0000E+00 ©.00000E«00
ite . 00  1.00 1,000 0.00000E+00 0.00 " 00E+00
g?g HA2C0).TH20___Na2CO}-Heptahydrate 0.00000E+00  1.00000E+00 1.000 0.00000E-00 ©,00000E+00 ©0.00000E«00
gg RaHCod lite 0.00000E+00  1.00000E+00 1.000 0.00 0 0 0 o
1 Kac ite 0.00000E+00  1.00000E+00 1.000 0.0D000E+00 © 00 0 00
gag HalH (CO3) 2.2H2O, 0.00000E+00  1.00QDQE+00 1.000 0.00000 0. 00 o 00
%ﬁ pH (-loglaH+]); n-m-lm[-u 11,7497 11.6199
Osmotic Coaffici
EG Equilibrium RH i!l 0 84284
7 Yonic Etrength (m) = 1.10“”
Density. kg/md 1177.64
8 reoaigls lwl!m]{ﬂll' 2.171E-07 =6.66
NOTES: =~ Water "molality*® is mole fractiom H20 in
- Gas 'ml-nwsvud "activity" are gas wmzr"um
3 - *Descriptor” means:
*4&3/RT/1nl0 for 1 th conca . erl i
“Eaturation Index for minerals, ll-loﬂolmmw
*logl0(activity] for agqueous species with very small concentrations
v *logl0(partial pressure) for gases
g Total G/RTw =6.,42113776E+01
1 Reaction # 1 wldsum 2.00000000000000
v ?, This is a solid-only reaction
2
lh“ll.m lefc bp 4. 64434654470256
makenuv £ umm:l.e reactions
86 l m.ﬂlm tor hteh pb 95
407 1Benchmark TITRATE lem, LOGLO option; Np(V)o2 Il.ui €0} in S5.6lmolal RMaCl FMT V2.)
283 DATABASE: HMWE4/FWE6; Np(V)-Ha-COl-OH-CLl-ClO4 (NRS4)
$5.01.31 Am(IIX)-Ma-Cl-COX-504-PO4 (FRSRES,FRPI0, n:.mn RFF94, RRFFIA)
:}? 1. (=] ATH Temparatures 2.98E+02 (=) Kelvin
:"{% Elemental Abundances for Flash Problem
21; Total Moles Ag. Molality Ag. Molarity Ag. mg/liter
i'lﬁ 1.110183631E+02 1. 11017591E+02 9,.91838868E+01  1.00169020E+05 Hydrogen *
17 1.05508681E+02 5.55113597E+01  4.96942)89E+01  7.95078006E+05 ﬁw?u
:}S %.sunwnuogl : 6105?)!3!000 5.0“““6!02! :.uunauces ILDE. un
420 0. 0o 0. OE+00  0.00000000E+00 0 ODOMOOOSOW Hagnesium
ﬁ'l . 00 0. 00 Q. 0 Calcium
2 5.611 o0 5.61 00 5.02297975E-00 \ 1!0'"101!005 Chlorine
423 0. 00 o, 00 0‘ UM“MOIWD Sulfur
424 i, 01 6.1 04 ( snuun-nn Carben
425 0. 00 0. 00 00 0. Poslon
420 0. 0 0. 0E+00 ﬂ 00000000E+00 0 00000000E+00 Neglon
az27 0. 00 0. Me
28 0. 0. II. 9- Boren
8 0. 0 0. 0 0. 0. L
0. 00 0. 0. 0. 00 TracerEl
431 0. 00 O, 00 0. 00 0 00 Th{IV)
igg 0. o0 0. o0 0. °0 0. 00 Mm(IIT)
- 0. oo 0. 0. 0 0.00000000E+00  U(VI)
434 1 01 6.12819260E-04 S5.48618892E-04 1.J0049121E+02 Mp(V)
:35 0. 00 0. g L 1] : Clod- (EL)
0. 00 o. 00 i 00 An
43? 0. 00" 0. 00 00 0. 00 El
% =4.28740972E-15 ~4.28717990E-15 877E-1S  0.00000000E+00 Charge
i: Bolution Parameters, Calculat
1 SOLUTION MASS I.!l! I“Nl‘!lﬁl grams
425 HI0 HASS 1000.00695466820 grams
4‘ TOS (g/kg) 326.106912108174 o/ xgh20
34; Gpecified Solution Density
ﬁg DERSITY 1108.93254605458 kg/m*) = g/l
3‘48 ' golution Parameters Based on Specified Density
7] SOLUTION 1.11706602116190 liters
‘é? 293.724084133503 g/l
a5 Density based on TDS and MaCl solutions 1188, 93254605458 g/l
Percent relative error v RaCl density 0.000000000000000E+000 ¥
‘ ]
45
E'.‘ TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
-‘-55 Epecies Hama Molalicy Activicy Act Coef Total Moles Molarity wg/liter
38? Mo WATER B8.J1823E-01 7.77959E-01 5.55091E+01 4.96918E+01 B.95208E+05
G2 (1] (n) 9. 1.00000E+00 9.99939E+00 B.9514TE00 J.15113E+06
463 c1- cl- 5.29329E+00 S.61100E+00 S5.02298E+00 IJCMWWS
lﬁg Has Ras .2926BE+00 5.61 5.
485 mpoa+ » 1. 3"1!‘3—01 6.13709E-04 5.4B499E-04 l 47573E+02
466 coa(ag) coilag) 3.86106E-04 J.4564)JE-04  1.52117E+01
487 wcod- - 2.26573E-04 1.23760E+01
}g He m;lo 1.3 ;%tw,
HpO2C03- PO - 1.335278-0
70 col= cols 1,09386E~
471 ol OH- 1.01687E-09 5
4 NpO2OH (ag) oH 7.721918-10  6,91267E-10
473 Rpo2(COd)2e- HpO2 (C03) 2m- 1.983858-11 cns’s:-n
474 Rpol (oM)2- HpOl {OH) 2- 2.04)81E-16  1.82964E-16
475 wpol (C0)Jen- {C03) Jmm- 1.35198E-16 1. 120‘?1!-“
47& RC1(8g).......to.titrate.acid.only ©.00000E«00 . n nwnnn.ou 0.00000E«00 ©.00000E-00
77 (ag) to.titrate.base.only 0.00000E+00 1.000 0.00000E+00 . OF
7 ] 0. 1.000 U 00000E+D0  ©0.00000E«00  0.00000E+00
a7 HZD, Trona 00 1.000 0. 0. 0.
1 ? - . ite 0 Q0000E«00 1.000 0.00000E+00 0 OO000E+00 :.0“0“000
0,____RalC0)-Heptaly 1.000 0. 0 v
2 Ma2003.10M30_______________ Matron o - 00000E+00 1.000 0. o. 00 0. 00
4H2  mancod Hahcolite ©0.0000DE+00 1.000 Q. OE+0 00 0 00
134 - C———— ;| ] 0.00000E+00 1.000 0. oo 0 00 0O, 0
S NalNpOd (COJ13 (8] _D]BABLED_DISARLED 0.00000E+00 1.000 0.00000B+00 0.00000E+00  ©.00000E+00
4Bb  MpO20H (aged) 20H (nged) 0. 1.000 0. o0 0. 0.
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Descriptor

1.07E-11
=-1.10E-07
=b.45E-08
=2.52E+02
=1.93E+02
=8.30E=02
=7.99E-01
.51E-01
=1.83E«00
=5.75E-01
=1.57E+00

Descriptor

1.2)E-14
1.23E-14
1.85E-14

=2. 9'3000
=1.0JE+01
=8.24E+00
=7.95E+00
=7.91E+00
=2.95E+00
=1.33E-01
=5.J6E+02
=3.JBE+00




nmveine  INFORMATION ONLY s

Appendix M: Sample Output File *“Np_NaCl_BM_LOG.OUT"

487

4 (=loglaHe+]); pmdl( I.agluhn 5.3205 5.9141
458 Dlcieioielly mmai-leuinael

450 Bquilibrium RH (%) = 77. 'usl :
481 lonic Strength (m) = 5.611188

332 ity, kg/m3 - 1188.9)
£602(g) s log[£C02 (g} )= 3.400E-02  -1.47

485 NOTES: - Water 'nlliltr' is mole fraction HI0O in aguecus phase

= Cas *molality” and "activity*® are gas partial pressures

= "Dascriptor” mesans:
*4G/RT/1nl0 for specles with concs . criterion)
*Saturation Index for minerals, 5Iwlogl0(IAP/Ksp)
*loglO(activity) for squecus species with very small concentraticns
*logi0(partial pressurs) for gases

3 Total G/RT= =1.33323084E+04

Flashing Titration @

§ inversions for batch pblm
T

17
Benchmark TITRATE Problem, LOGIO0 option; NpiVIOZ with COJ in S5.6lmolal MWaCl FMT Vv2.)
DATARASE: MWMWE4/FPWB6; Rp(V]-Na-C03-0H-Cl-ClOd (ER94)

£32308

D B
2888

SRoRER

ggg 95.01.31  Am{1II)-Na-Cl-COJ-504-PO¢ (FRSRAY,FRFI0,P?1,RFFRI2, RFP94, RRFPI4)
e 1 (=] ATM Terperatures 2.98E+02 =) Relvin
g}é Elemental Abundances for Plash Problem
g}i Total Moles Ag. Molality Ag. Molarity Ag. mg/licer
515 3.85857174E+01 101 02 9.938. 1.00169020E+05 Kydrogen
S16 3.66707638R+01 s.ssusssu-o: . 4.96942189E+01  7.95078006E+05 Ooygen
51'«' 5.4254362)E+00  5.61057382B400 ' 5.0226J316E+00 1. lusuuﬂcns Sodius ¥
0. 0. 0. 0 0. OE+0!
gig 0. 00 O o0 0. o0 0. 1
asﬁ 0.00000000E+00 O 0 0. 0. 00 calelum
1 1.9501 E+00  5.61 5.0229797SE+00  1.78079701E+05 Chlorine
522 0. 0. oo 0. 0. Sultur
522 3.47561576E+00  6.12839260E-04  5.48618892E-08  6.58946151E+00
S oot O : : i
g o . > na ; i s
526 0. 00 o. o0 0. o0 0. AMr
527 0. oo 0. 0. 00 0. Boron
528 0. 00 0. 00 0. 00 0. 0
528 o, 00 0. 00 0. 00 0. 00 rEl
530 0. 0 0. 00 0. o o. 00 Th(IV)
a1 o. oE+00 0. 00 0. 00 0. 00 Am{IIN)
2 0 00 0. 0. 0 0 00 UIVI)
3.47561578E+00 6.1 o4 5. 04  1.30049121E+02 V)
34 0. 0 0. 0. 00 o. 00 Clo4-(EL)
5 0. 00 0. :. 00 0. 00 ph
" o0 O, o0 00 o 00 . BYaes
j.g -1.94659251E-15 ~5.60067366E-15 -5.01377045E-15 ©,00000000E+00 Charge
533 Solution Parametars, Calculated
140 wm‘n MASS 461.60214425100 grams
- 41 H20 347.561995068949 grams
15 nstumn 328.106912108174 9/kgHa0
M Mu:n Solution Density
:5 1188.93254605458 xg/m*) = g/l
...1? Eolution Parameters Based on Specified Dansity
48 SOLUTION VoL 0.388249228926119 1iters
48 oS 293.72408413350) @/l
E‘g; Density based oo TDS and HaCl solutions 1188.93254605458 @il
g §§3 Parcent relative error va NaCl density  0.000000000000000E+000 %
o
554
555
g;_ﬁ_ TABLE OF CONCENTRATIONS FOR BATCH SYSTEM .
=
;gé Specles Kamo Holality Aetivity Act Coaf Total Moles Molarity mg/licer Duscriptor
pes
ggo Hio WATER 8.J1822E-01  7.77959E-01  0.9352 1.93928E+01  4.96918E+01  8.95208E+05
1 % i») (s} 9.99912E+00  1.00000E+00 1.000 3.47540E+00 B.95147E+00  J.15133E+06
§B§ c1- cl- S.61096E+00 5.29328E+00 0.9434 1.95017E+00 00 1.780B0E+05
562 Rae Hae 5.61057E+00  5.29268E+00  0.9433 1.95003E+00 S 1.15469E+05
564 wpole HpO2e 6.12705E-04  1.21970E-0) 1.991 2.12954E-04 5. 04  1.47572E+02
585 colteq) €02 (ag) 3.86103E-04  1.12115€-03 2.504 1.341968-04  1.45643E-04  1.52117E+01
;GG Keol- HCO3 - 2.26571E-04  B.38810E-0S . 2.02829E-04 1.23760E+01  -5.15E-12
567 ne He 1.21872E-06  4.78095E-06 1.09101E-06  1.09962E-03
235 NpOIC03- HpO200) - 1.335268-07  2.429718-07 1.19534E-07 JE-02
Y cols cols 3.093B4E-D8  8.03343E-10 2.76963E-08 03E-03
570 - OH~- 1.01685 1.639778-0% 2.70071E-0%  4.59318E-05
671 NpoaoHing) RpO20H (ag) 7.721868-10 6.91267E-10 .1.97740E-04
572 NpO2 (COY) 2~ NHpOZ (€01} 2=~ 5.1)355E-16 1.77595E-11  6.50960E-06
573 Mpo2{OM)2- MpO2 (OH) 2~ 2.04381E-16  6.10703E-17  0.2988 1.82964E-16  5.54494E-11
274 mMpoa(col)d=s- HpO2 (£0)) Jmas 1.35197E-16 9.87897E-26 7.8908E-10  4.)5119E-17 '1.13077E-16  5.03310B-11
575 m:luq]... ..to.titrate.acid.only 0.00000E+00  ©0.0000QE 1.000 0.00000E+00 0 00000E+00  0.00000E+00
570 MaOH(ag)......to.titrate.base.only ©0.00000E+00  0.00000E+00 1.000 0. F 0
S77 MadM(cod)a.aMIo______________Trona 0.00000E+00  1.00000E+00 1.000 0.00 00  0.00000
. '_E'B Ha2co3. 0. 1. 00 1.000 0.00000E+00 u 00000E+00  0.00000B+00
579 Ka2C0).THIO___ Haic0)-HepLahyd 0. 1. 1.000 0. 0. 0.
0 mMazcod.l0MI0___________ Natron 0.00000E+00  1.00000E+00 1.000 - 0.00000E+00  0.00000E+00  0.00000E+00
3 nuwu Mabeolite 0. 00 1. 00 1.000 0. 0 0.00000E 0.00000
-1 5 e LA R 0.00000E+00  1.00000E+00 1.000 0. 00 0. o0 0, 00
%ﬁ mm:tuﬂuzmmmm DISABLED 1}09000!‘2? :.mnnw-gg i.:gg :mnnnn.oa g.unnngg %ooonn:»uo
5ES mp {ag (aged) 0.00000E+00  1.0D000R+00 1.000 0. 0. 00 0. 00
gﬂ? PH (-log(aHe]); peH{- loﬂll‘ml! 5.3205 5.9141
ggg Osmotic Coefficients 1.241871
Equilibrius RE (8) = 77.795863
590 71omic luqm (m} = 5.611188
581 pensity, kgimd - 1188.93
£Co2(g) 1 log(ecodig)l= ; 3.400E-02 -1.47

3

WOTES: - - Water "molality* is mole fraction HIO in eous phase
= Gas *molality’ and *activity® are gas partial pressures
= *Descriptor® means:
*40/RT/1nl0 for 4 v eriterion)
‘“nu'l:lm Indax tor mll. Slllbﬂiltmfml
species with very small concentrations

)

LAt
o
Al

411 L

= %&'I

for
‘le::I.OIpuull. p:lnunl for gases

Total O/RT= =4.63379811E+0)
Flashing Titration # 2
¢ ioversions for batch 19
1Benchmark TITRATE Problem, LOG10 cption; Wp{ViO2 with €03 in 5.6imolal MaCl FHT V2.l
DATABASE: 1WA /PHOS; Np(V)-Ra-COJ-OH-C1-CLO4 (NR94) ;
07 95.01.31 Ml!!ll-lll-cl-wi-m M (FRERES, FRF90, P91, RFFRS2, RFFR4 , RRFFI4)

P 1. I=] & Temparatures 2.98E+02 (=) Kelvin

Elemantal Abundances for Flash Problem

5%

o
-
o
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT"

Total Moles Ag. Molality Aq. Molarity Aq. mgiliter :

J.85957275E+01 1.11017746E+02 §.91091116E+01 1.00174286E+05 Mydrogen
1.66761098E+01  5.55107903E+01  4.965962721E+01  7.95110540E+05 ng
Sodiun

=IOV Sl =s

s e b

N MO DHOOD

5.42594206E+00 S5.61014105E+00 S5.02250276E«00 1.15466181E+05
0. OE«00 0. QE«00 © 0.
1 0. 0. 00 0. 0. ]
1 0. 00 0. 00  ©0.00000000E+00 0.00000000E+00 Calcium
1.95031)18E+00 S.60993114E+00 5.02331483E+00 1.78056138E+05 Chlorine
1 0. o 0 o 0.00000000E+00 ©0.00000000E+00 Sulfur
J.47579611E+00 6.90932)I7E-04  6.18560128E-04  7.43952570E+00 Carbon
0. 0. 0. 00 0. 0 Peoalen
4 0. 00 0. 00 0. o0 0. 00 MNeglom
] 0. o 00 0. o0 0. 00 Air
0. 0. 0E+00 0. 00 0. 00
o H 06 o Am o ot s
gg 0. 00 0. 0E+00 0. o0 ] 00 TracerEl
0. o0 0. 0. 0. 00 ThiIV)
go 0. 0. 00 0 00 0. 00 Am(III)
1 0. 0. 0. 0. uivi)
1.47561578E+00 1.72218651E-04 1.54179484E-04 3. 65479691E+01 Np(V)
x ©.00000000E+00 ©. Q 0. o 00 Clod-(EL)
-] 00 0. L] 0. OE+00
0.00000000E«00 O, 0. 0. El
5 -1.36380195E-15 -3.52287521E-15 -3.51197080E-15 0.00000000E+00 Charge
7
Solution . Calculated
EOLUTION MASS 461.665999617212 drans
Hi0 HASE 347.65 709 grams
Ba1 TS (g/kg) 327.947980724245 @/ kgH20
% Spacified Solutiem M-I.cg
g:g DENSITY 1188. 85111370691 kg/m*l = g/l
a? Solution Parameters Based on Specified Density
SOLUTION. VoL ©0.388329534500061 liters
291 .596818859254 e/l
648‘8 :
650 Density based on TDS and BaCl solutions 11088.85111378691 g/l

2

goraRs

Parcent relative srror va MaCl denaity ©0.000000000000000E-000 &

55 TABLE OF CONCENTRATIONS FOR BATCH SYSTEM

4

657 Bpecies Name Holallvy Activity Act Coaf Total Moles Molarity wg/liter Descriptor
WATER B8.31B45E-01  7.78011E-01  0.9315) 1.92978E+01  4.96944E+01  B.95254B+05
(=) P (m) 9.99718E+00  1.C0000E«00 1.000 3.47556E+00  8.95002E+ 1.15082E+06 .
Has 5.61014E400 5.29140E+00  0.9432 1.95019E+00 5.02250E+00  1.15466E+05

Cl=- 5.6099IE+00 S.29139E+00
HCO1= .3.827138-04  1.4151)E-04
).g;n;l-u B.95671E-04
Wpo2e 1.73085E-04

He 5.77)46E-07
1.33571E-07

83°8E3
1

g

i

42481E-04
26410E-06
2.43030E-07
2.86108E-09

1.54059E=-04 4.14493E+01 -1.82E-10
5.16872B-07 S.209558-04 -2.18E-10
1.15S81E-07 1.3)450E-02 8.02E-14

IRIIBRAGITAR20T
% ¥
i
g

e e B R B o = )

‘
cod= cols= 3 §.86531E-08  5.$2010E-03 3.31E-10
OH- OM- 3.46282E-0%, ] 5.70103E-09  9.65932E-05 2.19E-10 ¥
HpOIOH (aq) WpO20H (8g) 4.57851E-10 L 4.05893E-10  1.17352B-04  -1.14E-10
HpO3 (C01) 2e- MpO2 (C0J) 2e- 1.829258-15 2. 6.32656E-11  31.46144E-05
HpOZ (CO1) Jwa- ¥pO2 (CD3) Jws- 1 1.3%4 4 5. 1.419398-15  6.37413E-10
3 Wpo2 (OH) 2~ NpO3 (OH) 2- 2 7.646798-17 8. 2.29098E-16  6.94109E-11
g? HCLInG) oevsnes to.titrate.acid.only 0 0O000E00 ] 0. { 0. 00
75 MaOM{ag)......to.titrate.base.only o 0.00000E+00 1.000 0. 0. ] 00
GG wp ag: (aged ] 1.00000E+00 1.000 0 o 0. 0.00000E+00
877 t ) e _MPO20H (amor o 1.00000E+00 1.000 o. o o 60 o 00
g‘m NadWpO2 (C03) 2 () _DISABLED_DISABLED 0 1.00000E+00 1.000 0.00000E+00  ©0.CO000E+00  0.00000E+00
',‘g MacCl__ Halite ] 1 o 1.000 0. 0. 00 0. 00
GB0  NaNCO3 Mahcolits o o0 1. o 1.000 Q. 00 o0, 00 0.
681 Ma2C0).10HIO, Hatron 0. 0 1. 00 1.000 0.00 o 0. 00 0. 3
ggﬂ HaJCO0) . THIO___ Nal2CO)-Heptahy ] 00  1,00000E+00 1.000 0.00000E+00  0.00000E+00  0.00000E+00  -7.40E+00
3 Wa2c03.H20____ ite [ 1. 00 1.000 0.00000E+00  ©.00000E+00  0.00000B+00  =7.69E+00
Ha 13.3H20, Trona ] 0 . 3 00 1.000 0.000D0E+00  O.00000E+00  0.0DOCOE+00  =9.40E+00
=]
) (-loglaH+]); pei(-log(aeH+]) 5.6451 6.2186
Osmotic Coefficlents 1.241740
Bguilibrium RH (%) =  77.801108
Iomic Strength (m) = 5.610314
Density, kg/md - 1188.05
1 tcoilgl: loglecod(g) )= 2.716E-02 -1.57
693 WOTES: - Water "molality* is mole fractionm HIO in aquecus phass
5! - Gas *molality® and *activity® are gas partial pressures
5 - *Descriptor® means:
[ *4G/RT/1n10 for species with concs. criterion)
*saturation Index for minarals, 5Islogl0(IAP/Ksp)
Sg *loglO{activity) for aquecus species with very small concentrations
8 *logi0(partial pressurs) for gasas
701 Total O/RT=  -4.634180J1E+0)
Flashing Titration # -
7 § inversiocns for batch pbls 28
'7_82 1 hmark TITRATE Probl LOG10 option) Mp(VI02 with €0} in 5.61molal WaCl PNT V2.)
v DATABASE: JOMW84/FWEE; MNp(V)-Na-CO)-ON-C1l-ClO4 (HR94)
86 §5.01.31  A=(II1I)-Ma-Cl-CO)-504-PO4 (PRERSS,FRPS0,PI1, RFFRIZ, RFFIL, RAFFHL)
7 1. (=] A™™ Tesperature= 2.98E+02 (=] Relvin
% Elemental Abundances for Flash Problem
} ; Total Moles Aq. Molality Ag. Molarity Aq. mg/liter
‘ti 3.85999837E+01  1.11017943E+02  9.93906557E+01  1.00175842E+05 Hydrogen
1 3.66786675E+01  5.55109442E«01  4.96970910E+01  7.9512)682E+05 Oxygen
15  5.42615710E+00 5.61002979B+00 5.02247215B+00  1.15465422E+05 Sodium
;9 0.00000000E+00 :.uumwnhgg g. o 00 1
‘Ig o o0 o, OE+00  ©0.00000000E+00 ©.0000000CE+00 Calelus
1 1.95037 s. 5.02199808E+00  1.780448! $ Chlorine
720 .00000000E+00  0.00000000E+00  0.00000000E+00  ©.0000000 0
721 3.47587277E+00  7.30126088E-04  7.07373490E-04  8.49626299E+00
7%2 o. 00 0. 0E+00 0. o. Poslon ’ =
723 o OE+00 0. 0 0 OE+00  ©0.00000000E+00 Neglon
4 0 00 0. 0. 00 0. 00 Adr
£ o 4 o8 .8 o8’ B 00 Boron
0. 00 - 0. [ 00 0. 0E+00
7, 0. 0. 00 0. 0. 00
Isa 0. o0 0. 0. a0 0. OE+00 Th{IV]
3 o 0. 00 0. 0. 00 Am(I1l)
7 0.00000000E+00 0. 0. 0. oevI)
73 3.47561578E+00  5.09B60080E-05  4.SE460696E-05  1.08203186E+01 Np(V) .
0. 00 o Q. 0. 00 ClO4-(EL)
i 0. 00 0. OE+00 ©. 0 0. 00 Tus
[ ] o 0. 0 0 0. 00 Electron
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT”

735  -2.11316243E-15 -6.07769560E-15 -5.44115T83E-15  0.00000000R+00 Charge
737  golution Parameters, Calculated
T SOLUTION MASS - “l 701224245767 grams .
7 HI0 MASS 347.651387660714 grass
?:? TOS (g/kg) 327.905264930827 @fkgH20
g Specified Solution Densi
?“ DENSITY 1188.82922071360 kg/m*) = g/l
;ﬂﬁ Solution Parameters Based on Specified Demsity
'Mg SOLUTIOR VOL 0.JE8)66315512175 liters
7. 293.562620954490 e/l
;‘ Density based on TDS and MaCl solutions 1188.82922071360 g/l
;g? Parcent relative srror v KaCl density 0.000000000000000E«000 ¥
%
I
;?; TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
;?5 Species Name . Molality Activity Act Coet Total Moles Molarity ng/1iter
I3
?gg Hao MATER 8.J1852E-01 7.78030E-01 0.935) 1.92993E+01 ~ 4.96951E+01  B.95267E+05
7 tp (1] i=) §.9961IE+00 1.00000E+00 1.000 . 8.9 3.150%
760 Mas Has S.6100)E+00 S.29080E+00 0.5431 1.95056E+00 5.02247E+00.  1.15465E+05
81 el- €l- 5.609S0E+00 S5.29073E«00 0.9432 5.03200E+00 1.78045E+05
ri HCO1- HCO) - S.79056E-04 2.14695E-04 0.3701 5.19125E-04 3.167558-01
7 €02 (ag) €02 (aq) 4.09763E-04  6.09044E-04 . 1.877 04  B.264TBE+00
T64 mpole Mpols - 5.08519E-05  1.01191E-04 £
765 code . cole 3.72979E-07 9.68710E-09
?gg He He 2.58813E-07  1.01480E-06
7 KpOlcol- Mpocol- 1.J3591E-07  3.43057E-07 l 19600E-07
I OH=- OH- 1.42123E-08 7.72603E-09 1.27238E-08
i WpOJOH (aq) NpOI0oH (ag) 3.01836E-10 J.018326E-10
770 Np0ol (CO3) 2e- NpO2(C01) 3=~ 1.39201E-10 6.19248E-15 149
771 RpoO2(C0)) Jme- BpO2 (CON) Jmm= 1.81540E-14 1.43698E-23  7.9155E-1D 1.62537E-14
3;,’! NpO2 (OH) 2~ HpO2 (OH) 2~ 3.7638JE-16 1.12471E-16 0.2988 1.J0865E-16  1.)696)E-16
¥7d HCl(aq).......to.titrate.scid.only 0.00000E+00 0.00000E+00 1.000 0.
774 (8qg)......to.citrate. hl' ml.y ©0.00000E+00  0.00000E+00 1.000 0.00000E+00 ©.00000E+00
7?2 M‘INII*GI 0 0 1 oo 1.000 0.00000E+00  0.00000E+00 O.Uconﬂlroﬂn
776 MpO20H (mmor) .Mlmllmﬂ 0.00000E+00  1.00000E+00 1.000 0.00000E+00 0.00000E+00 ©0.00000E+00
77 MMZ (€01)3 (#) _DISABLED_DISABLED 0.00000E+00  1.00000E+00 1.000 L] 0. 0.00000E+00
7'zg cl__ Hallte 0.000 1. o0 1.000 0 0.00 0
T Y e ___Mahcolite ©.00000E+00  1.00000E«00 1.000 a. 0. 0. 00
zgu Fo e I LT —— 0.00000E+00  1.00000E+00  1.000 0. 00 o0 00 0.
TE1 NHa2CO1.7HIO___Na2CO)-Heptahydrate 0.00000E«00  1.00000E+00 1.000 0. oo 0. 0 0
;82 HadCoJ . HIQ, ite 0.0 1.00000E«00 1.000 0. o 0. 00 0. oo
_’HS }3.3H30, Trona 0.00000E+00 1.00000E+00 1.000 0.00000E+00 0.00000E+00 ©.00000E+00
T (=loglaHe]); paMi- l.wl-m-I 5.9936 6.5670
7 .“;ie Cosfficients 1681
7 .mumsu RH (%) =
T onic Strength (m) =
7 Density, kg/md) -
;’B fcol (gl loglfcoligl)= 1.8478-02 -1.73
MNOTES: =~ Water ‘mhllw‘ is mole fraction W10 in aguecus phase
[ - Can *molality” and *activity® are gas partial pressures 1
785 " CGO/RE/Int6 for species with {convargence 1
*d40/RT/1n or species w. RONEErc COncs. eriterion)
755 *Saturation Index for minerals, SI=logl0(IAP/Ksp)
797 *loglo{activity) for squeous species with very small concentrations
;gg *loglo(partial pressure)} for gases
gﬂ Total O/RT= =4.6)462770E+0)
1 Plashing Titration # z
B0z l inversions for batch 0 3
TITRATE bl LOG10 option; Mp(VIO2 with CO) in 5.61molal RaCl ¥MT V2.)
mnnn: B4 /FUEE; Wp (V) ~Ha-CO)-OH-CL-CLlOd (KR94) :
$5.01.31  Am(III)-Na-Cl-CO)-S0M4-PO4 (FRSRRS, FRFSO, P91, RFFRII, RFFI4, RRFFIL)
] 1.00000E+00 (=] ATHM Teperatures 2.98E+02 [#] Ealvin
Elemantal Abundances for Flash Problem
E“} Total Moles Aq. Molality Aq. Molaricy Aq. mg/liter
12 3.BE060470E+01 1.11018357E+02  9.9)915462E+01 1.00176739E+05 Mydrogen
a13 3. I“!ﬂ?)SOM 5.5511A409E+01 4.96981566E+01 7.95140687E+05 Oxygan
gu 5. 8. JE+00  5.032 0 1.15465470E+05 Sodium
15 Q. 00 0. o0 0. 0. 00 Potassium
816 ° °. 0. 00 0 0 lum
@17 0 0. @0 o, 0. 00 Calcium
18 1. 5.60809 5.02148061B+00 1.7802655)E+05 Chlorine
1% 0.00000000E+00 0.00000000E+00 ©0.00000000E«00 0.00000000E+00 gulfur
20 3.47598202E+00 1.05369370E-03  9.43341702E-04 1.13104772E+01 Carbon
a21 ] 0. 00 0. 0. Poslon
3 0 0. 0. 00 0. Meglon
2 0. L 0. 0 0 0 Alr
2; 0. 00 ©. 0 0. 0. 0 Boron
2 0. 0 0. o 0. o 0. oo
226 0. o0 o, 0. o 0. 00 T 1
27 0. 00 o. 00 0. 00 0. 00 ThiIv)
g%g Q. 0o o, 0 0. 0. 00 Am(III)
0. 0. L a. v
LSO J.475615T8R+00 S5.047J1448E-07 4.51871568E-07 1.07115342E-01 Np(V)
’35 0.00000000E+00 g .00000000E+00 :.“ﬂﬂ”ﬂokﬂﬁ 0.000000008+00 ClO4-(EL)
s B e - °
533 0. 00 0. 00 0. 00 0. 00 Electron
4 =1.15000139E-15 -3.)07T02765E-15  -3. 15 0. 00 Charge
folution Parameters, Calculated
I SOLUTION MASS 461.766388131807 QTams
HI0 MASS 347.744715353108 grams
& TS (g/kg) 337.00901669697) o/ xgHao
841  specified Solution Density
42 DENSITY 1188.8208944274) kg/m*) = g/l
4 soluticn Parameters Based on ified Demsity
845 SOLUTION VoL 0.JB8423845459051 liters
ﬂg oS 293.54961818017% g/
alg Density based on TDS and MaCl soluci 1188 2743 e/l
Hal Parcent relative srror va MaCl dansity ©.000000000000000E«000 ¥
i
853 TABLE OF CONCENTRATIONS FOR BATCH SYSTEM -
55 speciss Name Molalicy Activity Act Coaf Total Molas Molaricy mg/1iter
? Hio WATER 8.J1857E-01 7.78050E-01 0.335) 1.9J039E-01 4.96951E-01 B.95371E«05
858 =) (L] 9.9947IE+00  1.00000E+00 1.000 J.47562E+00 B.94B00E-00  3.15011E«D6

Descriptor

=1.8)E-10
1.16E-10
=1,00E-10
3.T0E-14
1.02E-10
=3.15E-11
1.24E-10
-1 <61E=-07

=1.23E-01
=2.54E+00
=6.83E+00
=6.87E+00
=7.16E+00
=8.68E+00

Descriptor
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT"
Has Hae S.61000E+00  5.29000E+00 1.95005B+00 5,02247E+00  1.15465R+05
€l= Cl= 5.60880E+00 S5.28999E«00 1.95046E+00 S5.02148E+00 1.78027E+05
HCO3- HCOd - 9.92660E-04 3 .67S41E-04 3.45192E-04 0.8A700E-04 5.42259E+01
col= colw S.E67888E-05  1.47494B-06 1.97480E-05 S.08414E-05  3.05095E+00
€02 (nq) o2 {aq) 4.03745E~06  1.172278-05 1.40400E-06 3.61461E-06 1.59078E-01 -4.22E-08
OH- OH- 1.26)97E-06 6.87170E-07 4.39540E-07  1.1J160E-06 1.92454E-02 ~9.05E-08
2+ Fpods 3.J4101E-07  6.64T03E-07 1.16183E-07 2.99111E-07 8.04750E-02 1.77E-07
RpO2CO) =~ WpOICO3~ 1.33613E-07  2.43094E-07 €.64631E-00  1.19620B-07 3.93616E-02  1.70E-11
NpO2 (CO} ) Im- RpO2 (CO3) d=- 3.64305E-08  9.4)001E-13 1.26650E-08 3.26062E-08 1.26859E-02 =1.13E-07
H+ H+ 2.91065E-09  1.14100E-08 1.01216E-09  2.60582E-09 2.62641E-06 1.324E-07
RpOZ (COY) Jmu= MpO2 (CO1) Jum~ €.20660E-10  1.)3181E-19 1.46202E-10  3.76605E-10 1.69124E-08  -2.13E-07
WpOI0H (ag) faq) 1.7633FE-10  1.76115E-10 -13211E-11 1.57872E-10 4.515%6E-05 -2 0)E-08
WpO2 (OH) 2~ NpO2 (OH) 2~ 1.9558)E-14  5.B443PE-15 6.80138E-15  1.75100E-14  5.3J0660E-0% 1.48E-07
HCl(8g).......to.titrate.acid.only 0.00000E+00  0.00000B+00 0. 00 0. 0 0. 00 .3 47E+02
HaOH{Ag) ......Co.Eitrata. hul.ﬂhr ©0.00000E+00  0.00000E+00 0. 0. 0.0 =2.96E+02
0. 1. 00 [ 00 0. 00 o©. 00  ~J.03E+00
RpO20oH (amor) | 0. o0 1. 00 0.000 0. a 0. ~3.62E+00
mm{mnzm_mm_mm ©.00000E+00C  1.00000E+00 0. L] 0, 00 0 o =9.31E+02
Macl______ ~ "~ Malite 0.00000E+00  1.00000E+00 0. 0.00000B+00 0. 23E-01
mm:_____,______nmun 0.00000E+00 1. nunon:ooe 0. 0. o0 ]
Ha2C01.10H20, 0. L1 1. 0. 00 0. L 0.
Ha2C0).THIO0___Na2C0)-Heptahy 0. 1 0. 00 0 00 0.

JHIO ite 0.00000E+00  1.00000E+00 3 0. 90 0.000 0. 00
RAJH(C02)2.3H20_ — Trona 0.00000E+00  1.00000E+00 1.000 0.00000E+00 0.00000E+00 0.00000E+00 -( :13900
PH (=log(aM+]); pmH(-log(mHe]) 7.9427 8.5360
Osmotic Coefficlents 1.341601
Bquilibrium RH (%) =  77.805007
lonic sunuth im) = 5.610057
Denaity, kg/md - 1186.82
£C02(g) s log(LCO2ig) )= 3.555B-04  -3.45
NOTES: - Water *molality* is mole fractiom HI0 in aguecus phasa -

- Gas *molality* and *activity* are gas partial pressures
= *Descriptor® means:
*a0/RT/1nl0 for species with conce . eriterion)
*Saturation Index for minerals, SI=loglO(IAP/Ksp)
*logloiactivicy) tor species with very small concentrations
*logl0(partial pressurs) for gases
Total G/RT= =4.61497997E+0)
Flashing Titration #
# inversions for batch pblm 22
iBenchoark TITRATE Problem, LOGLO opticn) Rp{V)02 with €O} in S.6lmolal MaCl PHT V2.3
DATABASE: HMWB4/FWE6; Np(V)-Ha-COl=OM-Cl-Clod4 (FR94);
$5.01.21 MHI!J—M cl.-co:-m-m (FRSRAS,FRFS0, P91 .RFFRII, RFF94 , RRFF94)
Pr [=] A Tepearaturas 2.98E+02 (=] Xalwin
Elemental Abundances for Flash Problem
Total Holes Ag. Melallty Ag. Holaricy M. mg/liter
J.B6146891E+01 1.11018383B+02 9.53917155E+01 1.00176910E+05 Hydrogen
J.66868155E+01 5.55131961E+01 4.96994430B+0]1 7.95161368E+05 Oxygen
llSlOII:SloUO 5.61000156E+00 5. onuoulano 1.15465675E+05 Godium
o oo 0. 0. . 00  Pot i
0. 0. 0o 0. oo 0. i
Q. 00 0. o0 0. 00 Calcium
1.95058817E+00 5,60799916E+00 5.02068795E+00 I 'I"!”“SG!»OS Chlorine
0. 00 0. g0 0. o0 0. Sulfur
3.4T613771E+00 1.50108527E-03  1.34J8B0S0E-0) 1.61413487E+01 Carbon
0. 00 . 00 . o 00 Poslcn
0. 00 o0, 00 o 00 0. 00 Neglon
0. o 0. 00 0. 00 0.00000000E+00 Alr
0. o 0. o0 0. o6 0. Boron
Q. 0 0. 00 0. Q. 00 4
0. o0 0. 0. 00 9. 00 Tracerkl
0. 00 0. 00 ©. 00 0. 0 Thiiv)
0. oo 0. 0. 0. Am(III)
0.00000000E+00 ©0.00000000E«00 0. 00 0. o0 wIvI)
. 3,47561578E+00  5.18420811E-07 i 64127943E-07  1.10020693IE-01 Np(V)
0.00000000E+00 O©. o 00 0. clod- (EL)
0. 00 0, o 0 0. 0
= 00 0. OE+00 © OE+00 . 0.00000000E+00 Electren
-1.626160)78-15 ~4.67525956E-15 -4.1856J175E-15 0.00000000E+00
Golution Parameters, Calculated
SOLUTION MASS 461.068060856166 grams
HI0 MASS 347.822470666644 grams
ToS (g/kg) 337.884450213538 a/kgio
m-nun Solution Dansi
DENSITY 1188. ﬁussusuo kg/n*d e g/l
Bolution Parameters Based on Specified Denaity
EOLUTION VOL 0. :lll!ll}llllﬂl'l')] liters
DS 293.545961799973 o/l
Density based on TDS and MaCl solutions 1188.81855415140 g/l
Parcent relative error va HaCl demsity 0.000000000000000E-000 %
TABLE OF CONCENTRATIONS FOR BATCH SYSTEM
Gpecies Kame Molality Activity Act Coef Total Moles Molarity mg/litar Dascripter
HiD 8.)1862E-01  7,78067E-01 0.915) 1.9J072E+01  4.96954E+01  8.9527IE+05
i (1 }] P Ll .99 1. 0 1.000 3.4TSEIE+00 B.94601E+00 J.14941E«06
Has L S.61000E+00 5.28971E«00 0.942% l 95138E+00  5.02248B+00  1.15466E+05
cl- cl- 5.60800E+00 S5.J0867E«00 0.94)1 5.02 1.7
HCDA = HCO - 1.0090JE-03  3.73572E-04 0.3702 3.50961E-04 §.0)156E-04 5,51302E+01
COde Cod= 4.907T17E-04  1.27445E-05 2 snn—oz 1.70683E-04 4.)9325E-04 2.6)636E+0D1
OH- OH= 1.07467E-05  5.84190E-06 3.73736E-06 9.61946E-06 1.63601E-01 =d4.S4E-08
€02 (agq) ©02 (ag) 4.83703E-07 1.40151E-06 M 1.67895E-07 4.)2150E-07 1.90188E-02 -8.59E-08
NpO32 (CO) 2= HpO2 (COD) 2m- 3.14571E-07  8.14859B-12  2.5904E-05 1.09615E-07 32.81627E-07 1.09571E-01  2.57E-08
KpOICO3- NpOIcol- 1.336J0E-07  2.43107E-07 1.01% 4.64794E-08  1.19635E-07 1.9)666E-02 4.47E-12
WpOd« HpOde J.86807E-08  7.69)14E-08 1.989 1.34540E-08 3.462198E-08 9.J1704E-03 -2.12E-08
HpO2 (CO3) Jmn~ WpO2 (C03) Iwm- 3.13656E-08  2.48770E-17  7.9313E-10 1.09097E-08  2.80808E-08  1.26104E-02 4.46E-08
H He J.42512E-10  1.J4216E-09 3.91% 1.19104E-10 3.06642E-10 3.09064E-07 -3.5)E-08
KpoiOH (ag) 1.73507E-10 1.73507E-10 1.000 6.0)495E-11 1.55316E-10 4. 44J44E-D5 4.67E-0%
{OH) 2= 1.61614E-1)  4.8887IE-14 0.2%88 5.69085E-14  1.46479E-1]  4.43921E-08 2.97E-08
vesssto.titrate.acid.only 0.00000E+00  0.00000E+00 1.000 o 00 0. 00 0. -2.48E+02
...... to.citrate. I'nl. unl.r ﬂ Q0000E+00  0.00000E«00 1.000 0.00000E+00 0.00000E+00 0.00000E+00. -2.9SE+02
o 1. 1.000 0.00000E+00 ©. 00 . =1.03E+00
.__._...Miml-mrl e 00000E+00  1.00000E+00 1.000 0. a. 0.00000E: =1.63E+00
RalNpO2 (COJ} 2 (w) _DISABLED_DISABLED 0.0000OE+Q0  1.00000E+00 000 0.00000E+00 ©0.00000E+00 0.00000E+00  -9.32E+02
HaC. lite ©0.00000E+00  1.00000E+00 1.000 ©0.00000E+00 0.00000E+00 0.00000E+00 -1.24E-01
RaMCO) ________ Nahcolite ©0.00000E+00  1.00000E+00 1.000 0. WOMoQD 0.00000E+00  0.00000E+00  -2.J0E+00
MalCO).I0MI0________ ) 0. 1. 00 1.000 0. 0.00000E+00  O. =3.71E+00
Na200) . THIO____Na3dco) -Heptahydrate 0.00000E+00 1.00000E<00  1.000 0. TR 0 o, =3,75E+00
Ra3cod.H30__ ite 0. L] 1. 0 1.000 0.00000E+00 0.00000E+00 0.00000E+CO0  =-4.04E+00
RalH(CO3}2.IHIC Trona 0.00 1 Q 1.000 0. 00 0. Q. 00  -5.33E+00

g
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT"

pH (= :wlnn-m u-m-ueuu-n 8.0723 9.465)
Osmotic Coeffic 1.241
5 uuul.hﬂm m m - ﬂ.nwm
Strangth (m) = 5610434
Inu ity, kg/md 1188.82
£co2igls luumum 4.250E-05  -4.37

MOTES: - Water “molality® is mols fraction HI0 in aguecus phase
= Gas *molality® and *activity" are gas partial pressures
- *Descriptor® means:
*AG/RT/1nl0 for species with v eriterion)
*Saturation Index for minerals, nolmeumfm:
*loglo(activity) for aquecus species with very small concentrations
*logloipartial pressure) for gases

Total G/RT= -4.615408129E+00
tration #

S385%5828123

pbls b ]
1Benchmark TITRATE Problem, LOG10 len; Mp(V)02 with CO) im §.6lmolal Macl

mT V2.1
DATABASE: MMWEA/FWEE; Np(V)-Ka ~0H-C1-Clod (HR94) s
2 95.01.31 A=(Il1I)-Na-C1-CO}-SO4-PO4 (FRSRES,FRFS0, HI. RFFR32, RFFI4, RRFFI4)
1. (=] ATM Tesperatur 2.98E+02 [w] nl.vln

Elemental Abundances for Plash Problem
Total Moles Ag. Molalicy Ag. Molaricy Ag. mg/liter
3.86270051E+01 1.11018410E+02  9.93919460E+01  1.00177142E+05 Mydrogen

3.66936391E+01  S.55151219E+01  4.97012721E+01  7.95190531E+05
5.42752260E+00  5.61000144E+00 5.02249276E+00  1.15465953E+05

SO0~ JEVN A LN = O

SESRSNER

Solution Parameters, Calculated
BOLUTION MASS 462.013014691330

HI0 MASS 347.931330580296 grams

TOS g/kg) 127.8771998698106 @/kgH20
specified Solution Density

DENSITY 1188.81524828657 kg/=*) = g/l

Solution Parsmatars Based on wtllu D-ulty

SOLUTION VoL 0.388613145584555

291 .540795775029 w'l.

Density based on TOS and MaCl solutions 1188.81524828657 g/l

Percent ralative error vs RaCl density ©.000000000000000E+000 &

Species Name Molality Activity Act Coet
M0 MATER 8.31870E-01  7.78092E-01  0.3354
(1] e [ 5.98931E+00  1.00000E+00 1.000
Ha+ Has 5.61000E+00  5.28932E+00 0.9438
cl- cl- S.606TIE«00  5.28679E+00 0.9439
cols code 1.11398E-0)  2.8929IE-05  3.5965E-02
m!- HCOY- 1 3.78516E-04 0.3702
OH= 1.30871E-05  0.5438
Mz (€03} 2=~ MpO2 (C0) A== 1.84983E-11  2.5921E-05
col (ag) €03 (ag) 6.13927E-07 2.904
NHpO2 (COY) Jun= NHpO2(C0)) Jun- 1.28193E-16  7.9463E-10
- 2.43125E-07 1.819
HpO2+ 3.318918E-08 1.988
MpO2OH (aq) 1.71249E-10 1.000
He 5.99129E-10 3.916
WpO2 (OH) 2- 1.08095E-13  0.2988
....... to.titrate.acld.only 0.00000E+00 1.000
5 NaGH . +to.titrate.bass.only 0.00000E+00  0.00000E+00 1.000
HpO2OH (aged) ° g0 1. 00 1.000

1073 mpO20OH (amo; I_H'ﬂ“m-n:l 0.00000E+G0  1.00000E+00 1.000
74 WAINPO2(CO)) 3 (8] _DISABLED_DISABLED 0.00000E+00  1.00000E+00 1.000
HaCl Halice 0. oo 1. o0 1.000
HaHCO} — Mahcolite 0.00000E+00  1.00000E+00 1.000
77 Ha2003.10H20, o oo 1. o0 1.000
g NalCo), THIO__NaZCo)-Heptahy o 00E + 0" 1. 1.000
Na2COd.H20_____ te 0. 1. 1.000
Ma 12.32H30, Trona 0.00000E«00  1.00000E+00 1.000
PH (-loglan+]); pmM(-logimis]) 9.3235 908154
Osmotic Cosfficients 1.241451
Equilibrium RN (%) = 77.809217
Ionic Strength (=) = 5.611121
Dansity, kg/md 1188.082 .
tcodig) I.oulmlcn- 1.922E-05 -4.72
ROTES: = Mater *molality” is mole fraction MI0 in squecus phase
= Gas *molality® and “activity® ars gas partial pressures
= *"Dascriptor® means:
*4G/RT/1nl0 for with concs. cricerion)
*saturation m tnr minerals, n:-loo:lﬂtmﬂ.lp
] tor with very small concentrations
-mnocmm preassure) for gases
Total Q/RT= =4 .63619544E+0)
Titration
# inversions for batch pbls
1Benchmark TITRATE Problem, LOG10 wuam uma: with CO) in 5.61molal MaCl

CATABASE | mtmn Mp (V) ~Na-003=0H-C1-CLlo4 (HR94);
95.01.31  Am(III)-Na-Cl-CO3-504-PO4 lml.l! FRF90, P91, RFFRI2, RFFI4
1

FErEREr s bt e e

Elessntal Abundances for Plash Problem

um
L] o ] ©0.00000000E+00 0.00000000E+00 Potassium
0. L] 0. . 00 0 i
0. QE+00 0. B+00 0. 0. o lei
5076678E+00 5.60672579E+00 5. 00  1.77 5 Chlorios
0. ouonuuwo 0.00000000E+00 0. 0 o OE+00  Bulfur
3.47635950E+00  2.11880614E-0)  1.91481860E-01  2.29988871E+01 Carbon
0. OE+00 0. 0. 00 0. 00 Poslon
0. o0 0. 0. o 0 00 Meglon
0. 00 0. 00 0. 0. 00 Alr
0. 00 0. 00 0. o 0 Boran
] o0 0. 0. a. 0E+00 Bromi
0. OE+00 0. 0E+00 0. 00 0. OE+00 TracerEl
0. 00 ., 0. oE«00 0. L] ™IiIV)
L] 00 0. 00 O. 0. 00 Am(III)
0. 0. 0E+00 O. o 0. oivI)
3.47561578E+00  1.02583S518-06 9. o1 2.17 0 BV
0. 0. 00 1] oo 0. clod- (EL)
o, 00 o, o 0. 80 o
0. 0. oo 0. 00 0. 0 Electron
=1.J1308874E-15 ~3.77 15 =3.31787)581E-15 0.00000000E+00 Charge

JRAFFSL)
(=] ATH Temparatures 1.90E+02 (=] Ralvin

Total Woles  Molarity mg/liter
1.93133E+01 4.96955E+01  8.95274E«05
J.47562E+00 B.94)18E+00 1.14B41E
1.95191E+00 5.02249E+00 . G6E+05
1.95077TE«00 -S5.01956E+00 1.7795S8E+05
3.87591E-04 9.97)1BE-04 5.98482E«01
J.55784E-04  9.15475E-04  5.58596E+01
B.J7419E-06  2.15478E-05  J.66470E-01
1. 6.38913E-07 STAE-0L
7. 8.60233E-03
5. 1 6.48546E-02
4 .65026E-08 8 19657E-07  3.93718E-02
5.93207E-0% 1.52639E-08  4.10671E-03
S.95833E-11  1.53315E-10  4.3BS64E-05
$.332658-11 1.36958E-10  1.)B040E-07
1,25884E-13  3.239158-1)  5.81661E-08
©0.00000E«00 0.00000E«00 0 wnouwo
0. L]
Q. 000“:000 : -00000E«00 0 ONOMIWO
0. o % 0.
0. 0. e o.
©0.00000E+00 0.00000E+00 0.00000E+00
0. 0.0000 . E
0.00000E+D0  0.00000E+00  0.00000E+00
0. o0 0. 0 00
0. o °. 0. 00
0.000 0. 0. 0
T V2.3
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Appendix M: Sample Output File “Np_NaCl_BM_LOG.OUT”

Total Moles

Aq. Molality Ag. Holarity Ag. mg/litar
J. 864455658401  1.11016446E+02 9.93922712E+01  1.00177470E+05
J.67011614E+01  S5.55178692B+01 4.970)8T62E+01  7.95232197E+05

5.4284095)E+00

5.61000622 Kobn

5.02251004B+00
0 a0

1.15466151E+05

szsﬂ%msmswﬂgazm%asﬁm:mem

. 0 0.
U. 0. OB+00 0. OE+0C  0.00000000E+00
00 0. © 0.00000000E+00 0.00000000E+00
l 95102131E+00 5.60491242E+00 5 Iu‘h-li“low 1.77901369E+05
0. 0 8
3 476675TBE«00 3.04711826E-01 .12!“5158-01 3.27661900E+01
0.00000000E+00 0. L]
0. 00 0. oo 0. 0. OE+00
0. o0 0. 00 0. o
0. 0. o0 0. 0. 00
. By 0 o. OE+00 0. 0.
0. 0. a. 0. 00 ar!
0. 0 0. CE«00 0. 00 ThiIvi
] 0 0. 00 0. B. 3!000 Am(III)
0. DE+00 0. OE+00 0.00000000E+00  0.00000000E+00 U(VI)
3.47561578E+00 1.94421849E-06 1.74061427E-06 4.12605479E-01 v
0. 0E+00 . 00 0, . Clod- (EL)
o0 0. 00 0. 0. 00
[ o0 0. 00 0. oo 0. 00 El
-2,12321556E-15 -6.09959168E-15 -5, §E-15 O, 00 Charge
Solution Parameters, Calculated
BOLUTION MASS 462.319612785507 grama
HI0 MASS 348,091311120332 grams
TS (g/kg) 127.86886089817) g/kgizo
Specified Solution Density
DENSITY 1188.81056561769 kg/m*) = g/l
‘Solution Parsmeters Based on Specified Density
SOLUTION VOL 0.JBBB0BAEEIINALS liters
293.533478661079 @/l
Density based on TDS and Macl solutions 1188.81056561769 grl
Percent relative error vs Hacl d .
TAELE OF CONCENTRATIONS FOR BATCH SYSTEM
Epecies Name Molality Activity Act Coef Total Moles Molarity Bg/liter Descriptor
Hao WATER 7.78127E-01 0.9354 1.93221E+01  4.96957E+01  B8.95277E+05
(m) P i) 1.00000E+00 1.000 J.47563E+00 B.91914E+00 J.14699E«06
Ha+ Has+ 5 61001E+00 5.28 0.5427 1.95279E+00 5.02251E+00  1.15466E+05
cl=- cl- 5.60491E+00 0.9428 1.95102E+00 5.01795E+00 1.77901E+05
cole 2.00201E-03 5.1 S96TE-02 &.988BIE-04 1.79236E-00 1.07558E+02
HCOd - 407IE-0) ). ISSII.! -04 0.3701 3.62268E-04 95.J17IBE-04  5.68519E+01
OH= 4988E-05  2.J1125E-05 0.5418 1.47935E-05  3,.B0482E-05 6.47 -6.11E-08
NpO2 (C0)) 2w B137E-06 J.J2447E-11 2 4 1.14718E-06 & 4.76E-08
NpOQ (€03 ) Jmm~ NpO2 (C03) Jam- 5.19502E-07 4.1)999E-16 7 1 4.65098E-07 3
3= C03 - 1.3316868E-07 3.43151E-07 L] 1.19688E-07
€02 (aq) CO2 ing) 1.357 3.65269E-07 4 1.13625E-07 0 95659E-03
Hpods - HpO2+ 9. 1.886)4E-08 3 B.50064E-0% 2.28707E-03
HpO20H (ag) HpO20H (agq) 1 1.60316E-10 5 1.50689E-10  4.31052E-05
. He B. 3.39269E-10 3 7.76164E-11 .
WpO2 (OH) 2- RpO1 {OH) 2~ 6.2 1.87637E-11 2 5.62)28E-13
HCllag).......to.titrate . acid.only 0.00000E+00 0. D.00D00E+D0
HaCH(aq)......to.titrate.base.on 0.00000E+00  0.00000E+00 0 0.00000E+00 -! 9484+02
Mzullw-dl____.._lbozmuwd- 0.00000E+00  1.00000E+00 1.000 0.00000E+00  0.00000E+00 =1,05E+00
NpO20H (amor) ________ Npo20H{amor) 0.00000E+00  1.00000E+00 1.000 0. 0.00000
Mw ttﬂ)ll[a}_ﬂlﬂml ] 0 0“00!000 1.00000E+00 1.000 0.000: 0 0. 00
Halite 1. 00 1.000 0.00000E+00 0.00000E+00
w: olite 0 .00000E+00 1.00000E+00 1.000 0. 0. 00
RalC03.10M20__________ Matron 0.00000E+00 1.00000E+00 1.000 0.00000E+00 ©.00000E+00  0.00000E+00
Ha2CO3. 1)90_3.2000-”!:.]“:1!. U “000!6“ 1.00000E+00 1.000 0.00000E+00 0.00000E+00 0,00000E+00
HalCO3.H20___ 1. 00 1.000 0. 00 0. 00 0.0000
HWalHIC03)3.2H30, Trona U 00000E+00 1.00000E+00 1.000 0.00000E+00  ©0.D0000E+00  0.00000E+00  -4.T0E+00
PH (=logiaHs+)); pmHi- iug[-lhn 9.4695 10.0620
Osmotic Coefficients 1.241
Equilibrium RH (%) = 77, lﬂ‘!!l
Ionic Strength (m) = 5.6
Density, kg/ml - uu n
1CO2(g)s log(ICo2ig) )= 1.108E-05 -4.96
FOTES: = Water "molality* is mole fraction HICO in aquecus phasa
= Gas "molality” and "activity® are gas partial pressures
= *Dascriptor* means:
‘G /RT/1nl0 for les with eriterion)
*Saturation Index for minarals, anlwlbtm!l.lpl
*loglOiactivity) for aguecus species with very small concentrations
*loglo{partial pressurs) for gases
Total Q/RT= =4.63731290E+0)
Flashing Titration #
] sions for batch pbim 29
bl LOC10 option; Wp(V)02 with CO3 in 5.6lmolal NaCl FMT V2.1
DATABASE: HMWE4/FWE6; Mp(V)-Na-CO)-OH-C1-ClO4 (MR94):
95.01.31 Am(I11)-Na-Cl-CO1-504-PO4 (PRSREY, FRP0, P91, RFFRIZ, RFFI4, RAFFPOL)
1. [=] ATH Temparatures 2.98E+02 [=] Kelvin
Elsmental Abundances for Flash Problem
Total Moles Ag. Holality Ag. Molaricy Ag. mg/licer
3. 01 1.11018 9.9392 1.00177932E405 HKydrogen
3.67173215E+01 5.55217779E+01  4.97075832B+01 7.952914F1E+05 DWYI:
5.42967)48E+00 5.61001045E+00 5.0225)469E+00 1.15466917E+05 Sodium
0. 0. 0 L] Potassium
0. 0E+00 ©O. 0o 0. 0. oo i
0.00000000E+00 0. 0. 00 0.
1 JE405E+00 5.602)J051E+00 5.0156551SE+00 1.77820171E+05 Chlorine
0000000E+00  ©.00000000E+00  0.00000000E+00 0.00000000E+00 Sulfur
126398400  4.3404B558R-03  3.8A595344E-0  4.66741868E+01 Carbon
. 0. o0 0. 00 0. Poslon
0. 0. 00 0. 00 0. 00
Q. o0 0. oo 0. 0. 00 Adr
0. oo 0. 00 0. 00 0. o0
0. Q 0. 00 0. 00 0.
0 o0 0. 00 0. o. OE+00
0 00 0. 0 0. 00 0. oo i
0. 0. 00 0. 0. 00 