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1.0 INTRODUCTION

The program NONLIN fits parameters for a designated aqueous electrolyte model to
experimental data on osmotic coefficients, mineral solubility, emf, or solvent extraction. Although
NONLIN has two aqueous electrolyte models for excess free energy available, the Davies
equations (Davies, 1962) and Pitzer’s aqueous electrolyte model (Pitzer [1973] and coworkers),
this document will discuss only the Pitzer model, which is used to support the 1996 WIPP
Performance Assessment (PA) calculations.

For the 1996 WIPP PA calculation, NONLIN is used to calculate Pitzer parameters and
standard chemical potentials of actinide chemical species. The calculated values will be added to
the CHEMDAT data base used by a program called FMT. CHEMDAT contains the Harvie-Mgller-
Weare (HMW) database (Harvie et al., 1984; Felmy and Weare, 1986) for nonradiocactive
electrolyte systems and the actinide series of radioactive elements, such as americium(Ill) and
neptunium(V). FMT is a chemical equilibrium modeling code, also used to support the 1996
WIPP PA calculations. The FMT User's Manual, WPO 28119, documents both the CHEMDAT
data base and the FMT code.

1.1 Software Identifier

Code Name: NONLIN

WIPP Prefix: NL_

Version Number: 2.0 08/23/96

Platforms: FORTRAN 77 for Open VMS AXP, version 6.1, on DEC Alpha machines
and Power Macintosh 7100

1.2 Points of Contact _

1.2.1 Code Sponsor i -

Sandra C. Babb

Sandia National Laboratories

Albuguerque, NM 87185-0661

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

1.2.2 Code Consultants

Robert C. Moore Craig F. Novak

Sandia National Laboratories Sandia National Laboratories
Albuquerque, NM 87185-1342 Albuguerque, NM 87185-1320
Voice: (505) 848-0146 Voice: (505) 848-0619

Fax: (505) 848-0881 Fax: (505) 848-0622
1.2.3 Code Author

Andrew R. Felmy

Batelle Pacific Northwest Laboratory
Richland, WA 99352

Voice: (509) 372-6296

Fax: (509) 372-6328
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2.0 FUNCTIONAL REQUIREMENTS

R.1 NONLIN fits parameters for Pitzer’s aqueous electrolyte model to experimental data on
mineral solubility.

R.2 NONLIN fits parameters for Pitzer's aqueous electrolyte model to experimental data on
solvent extraction.

R.3 NONLIN fits parameters for Pitzer’s aqueous electrolyte model to experimental data for
apparent stability.

3.0 REQUIRED USER TRAINING AND/OR BACKGROUND

In order to run the NONLIN code successfully, the user will need a basic knowledge of one of
the following platforms:

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

. Power Macintosh 7100 operation, if running the code on a Macintosh platform.

To interpret the results of NONLIN, a chemistry background is required. A user should
have a:

. BS in Chemistry, or the equivalent
. familiarity with the Pitzer model for activity coefficient of electrolytes
. sound understanding of chemical reaction equilibrium analysis.

To understand how the NONLIN code works and the theory and algorithms wpon which
NONLIN is based, the user should also have a basic understanding of: ‘

. equilibrium thermodynamics and solution chemistry
. linear algebra (through senior undergraduate level)

. numerical methods {graduate or senior level undergraduate level).

4.0 DESCRIPTION OF THE MODELS AND METHODS

NONLIN solves chemical equilibrium problems, as defined by the linear material balance
equations and the nonlinear reaction equilibrium equations as given in standard chemical
thermodynamics texts such as Denbigh (1981) and Smith and Van Ness (1975).

More specifically, NONLIN couples the GMIN free-energy chemical equilibrium program with
the MINPACK least squares minimization routines. NONLIN can be used to interpret {i.e., fir)
experimental concentration data such as

. solubility (i.e., the total dissolved concentration of element X in aqueous electrolyte of
composition Y) //“'m T

(SR

VA
.
“‘;
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. electromotive force {(emf)
. isopiestic data

. solvent extraction data (i.e., the distribution of element X between an aqueous and an
organic phase)

. 1on exchange data
. apparent stability constant data (i.e., the molal ion quotients for intra-aqueous reactions).
4.1 GMIN Chemical Equilibrium Model

The GMIN chemical equilibrium program is explained in detail by Felmy (1990) and Felmy
(1995). Sections 4.1.1 and 4.1.3 of the following discussion are largely excerpted from that
source. Section 4.1.2, which explains the Pitzer activity coefficient formalism, is excerpted from
Felmy and Weare (1986).

4.1.1 Thermodynamic Model

The mathematical basis of GMIN is based on the development of an algorithm for solving the
chemical equilibrium problem that is based on a constrained minimization of the Gibbs free energy.

NONLIN, as used in support of the 1996 WIPP PA calculation, makes use of the following
general equations that GMIN can solve:

. chemical potential for water solvent in aqueous phase:

Hy0 ug,o W (<
RT = RT _1000[2*'"5}1’ 1

. chemical potential for solute species in aqueous phase:

%:%ﬂnmi +Iny, | K 4-2)
where
K = chemical potential of species i
pnd = standard chemical potential of species i
R = the gas constant

T = absolute temperature
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w = molecular weight of water

ns = the total number of chemical species

m; = molality of species i

(i) = osmotic coefficient

Y, = activity coefficient of species i.

While GMIN contains two formulations for activity coefficients for aqueous species, only one
formulation is used in support of the WIPP PA calculation. This model is based on the work by
Pitzer (1979) and coworkers. In this model, the activity coefficients are expressed in a virial-type
expansion.

4.1.2 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
brine concentrations observed at the WIPP Site. The theoretical and historical development of this
formalism can be traced though Pitzer (1991), particularly Chapter 3, and references therein.

The implementation of the Pitzer activity coefficient formalism within NONLIN 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 provided by
these references, only the equations in Felmy and Weare (1986) are presented below. The
interested reader will find a comprehensive presentation of these equations in the three cited
publications.

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

o

[3GJ i1, =9 +RTlna;. @3)
T.Pn

where G = Gibbs free-energy function, P = pressure, n; = number of moles of species i, and
activity is defined for each solute species i by

(4-4)

and, for the solvent, by

Y o

where
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m, = the molality of the solute species,

W = the molecular weight of water,

Zmi = the sum over all solutes (cations (c), anions (a), and neutrals(n)), 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, £, 1s defined as follows:

—L=—L+In(f,). (4-6)

The remaining variables that lack explicit definition are the excess functions 7y, and (¢—1).

These functions, rewritten below, are modeled using the semiempirical equations of Pitzer (1973)
and co-workers. (Note that, in the Pitzer equations presented below, I = ionic strength, and that

subscripts M, X, and N refer to cations, anions, and neutrals, respectively. The remaining terms
are explained following the presentation of the Pitzer equations.)

2 [ auw

l 1+ BIV2 +2 chma(B?a +cha)+2 zmcmc’[q)ic’ +2mawcc’a]
ZmiJ c a ¢ <c¢ a

'*‘Z Zmama'[(pga’+zmcwaa’c}+z Zmnmclnc 4-7)

a<a

(¢—1)=[

i3 Tama S Y zm,,mcmacm}

IIrYM =Z%JF+2ma(ZBMa +ZCMa)+2mc(2¢Mc +2macha]
a c a

+3 Y mm W, D chmacm+2mn(27uw)+z S m,mC

a<a ¢

(4-8)



NONLIN, Version 2.0 WPO # 30740

User’s Manual January 31, 1996
Page 10

In'YX =Z,%4F+2mc(2BXc +ZCXC)+2ma[2(bXa +2chXcaJ

(4-9)
+2<2m WCCX+|ZX12 ch a Ca+2m (2}\' )+Z Zmnmt’gnc‘x
c <~c n ¢
ln'YN :ch(ZlNc)+zma(21‘Na)+z zmcmacha (4'10)
[ a c a
= [ 172 21 12
F= -A%| —% gn(l-i-bl ) +§ gmc B
4-11)
+Z chmc,tb’ +Z Zm m,® .
c < a<qg
where b = 1.2 for all electrolyes.
ct
C,.=———MX_._ 4-12
R e
z=3fim; Ll e
A? is one third of the Debye-Hiickel limiting slope (A in the following empirical equation):
AVE +B]I, (4-14)

lnyH = —— ¥~
i 1+Ba, 1

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

Bl =Bk +Bie T +B{xe 2! (4-15)

BMX“BMX‘*B(;}X«?( ‘/—) B%S(az\r ) (4-16)



NONLIN, Version 2.0 WPO # 30740
User’s Manual Janvary 31, 1996
Page 11

! I " I
By =Bl (al‘ ). g & (aff) @17

The functions g and g’ are defined by

(1—(l+x)e‘x)

g(x)=2 5 (4-18)

X

(1—(1+x+%2]e""]
(4-19)

x2

g'(x)=-2

with x = oyvI or = aZ\/f - When either cation M or anion X is univalent, o, =2.0 and o, = 12.
For 2 - 2 pairs, o, = 1.4 and o, = 12. For 2 - 3 and higher pairs, o; = 1.4 and o, = 50. The
dimensions of ¢, and o, are kg2 mole 2. The virial coefficients, ®, which depend upon ionic
strength, are given the following form:

®f =0,+56,(1)+156},(1) (4-20)

=0, +E
D, =6,+58,(I)

D =Eg;, ;D (4-22)
The functions, E(),.J.(I) and E9;,-(1), are functions only of ionic strength and the electrolyte pair type.

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

nij *

neutral species. The third virial coefficients, Ci:x and W, , are also assumed to be independent
of ionic strength.

The following is the complete set of parameters that define the model for nonideal behavior of
electrolyte solutions:
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. BSS;, B%(, [3(13,) , and C‘LX for each cation-anion pair
. 6,; for each cation-cation and anion-anion pair
. W for each cation-cation-anion and anion-anion-cation triplet

- A, and ij for ion-neutral and ion-ion-neutral interactions.

NONLIN minimizes the sum of the errors squared for the standard chemical potential of user-
specified species by adjusting the values of the thermodynamic parameters specified by the user.

These are the Pitzer parameters NONLIN solves for using thermodynamic data.

4.1.3 Free-Energy Minimization Approach
The free-energy minimization problem in GMIN is formulated as
ns
minimize G=2p M
=
subject to the following mass-balance constraint
Za n =b,, i=l...m
j=1

and the following charge-balance constraint

Zzn =(

=l
and

n;z 0 for all species j
where
ns = the total number of chemical species
n; = mole number of species j
a = number of moles of component i in species J

Ji

(4-23)

(4-24)

(4-25)

(4-26)

P ™
Sy
f/ \:\‘i,fh,\“:"\
. T
/ . .



NONLIN, Version 2.0 WPO # 30740

User’s Manual January 31, 1996
Page 13

b, = total number of moles of element ;

m, = number of linearly independent mass-balance constraints

nas = total number of aqueous species J

z. = charge on species j

The free-energy minimization approach is fully documented in Harvie, Greenberg, and Weare
(1987).

4.2 NONLIN Parameter Calculation

NONLIN calculates the Pitzer ion interaction parameters by using a non-linear least squares
fitting algorithm. The code calculates values for user-specified aqueous solution and solid
thermodynamic parameters, including the standard chemical potentials for ion pairs. NONLIN
calculates the function to be minimized; i.e., the difference between solid and solution chemical
potentials, and the Jacobian (the derivative of the chemical potential difference with respect to the
adjustable parameters). The adjustable parameters, discussed in detail in Section 7.1, are the Pitzer
parameters and the standard chemical potential of the chemical species to be fitted. Andrew R.
Felmy is the code author of both NONLIN and GMIN, a chemical equilibrium code called by
NONLIN. Pacific Northwest Laboratory maintains MINPACK, a set of matrix routines called by
GMIN.

5.0 CAPABILITIES AND LIMITATIONS OF THE SOFTWARE

The chemical data base files and the problem definition files must be compatible; i.e., the
species must be characterized in the data base before it is referenced in the problem. NONLIN
capabilities are discussed at the beginning of Section .

6.0 USER INTERACTIONS WITH THE SOFTWARE
6.1 Overview

NONLIN requires six input data files— GMIN, INPUT, COMP, BINARYP, TERNARYP,
and LAMBDA. The problem is defined by the GMIN and INPUT files. The GMIN file defines
the chemical species to be considered. The INPUT file contains the experimental data and initial
estimates for the Pitzer parameters or standard chemical potentials to be fitted. The last four files
COMP, BINARYP, TERNARYP, and LAMBDA are the chemical data base files. These files
contain species names and unique ID numbers, chemical characteristics, and Pitzer parameters. All
the input files are discussed in detail in Section 7.0.

NONLIN generates one file OUTPUT. This file lists the problem definition as read from the
GMIN and INPUT files, chemical species considered, and the best fit to the experimental data
set(s).

Figure 6-1 illustrates all the input and output files used by NONLIN.




NONLIN, Version 2.0 WPO # 30740
User’s Manual January 31, 1996
Page 14

GMIN —
NONLIN ﬂ OUTPUT

INPUT P

COMP BINARYP TERNARYP LAMBDA

Figure 6-1. Input and Output Files for NONLIN.

6.2 User-Supplied Input Files

Using a convenient editor, the user creates the GMIN file and the INPUT file for a problem.
The user should check the COMP, BINARYP, TERNARYP, and LAMBDA files to be sure that
the required species and Pitzer parameters are included there.

6.3 Executing NONLIN
6.3.1 DEC Environment

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

L —

T
.“

.ff W N, }_I« \"

i T b

' - o
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6.3.1.1 Fetching the Command File NL_NONLINC.COM from CMS

To retrieve the command file NL_NONLINC.COM, the user logs into BEATLE and types the
symbol “nonpa_cms_syms” to define other CMS symbols, followed by the command “libnl” to
specify the NL 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 nl_nonlinc.com™ copies the
command file into the user’s current directory. The lines are:

$nonpa_cms_syms

$libnl

$sd [username.user_inputfile_directory]
$cfe nl_nonlinc.com

The command file can be copied from directory to directory. The user does not need to fetch
the file each ime. NL_NONLINC.COM also issues the lines “nonpa_cms_syms” and “libnl”
automatically, making typing them unnecessary.

6.3.1.2 Running NL_NONLINC.COM

To execute “@NL_NONLINC” the user must always be logged into BEATLE. The user
should be in the directory that contains the .IN and .GMIN f{iles before starting NL_NONLINC.
To execute the command, the user types:

$@ NL_NONLINC

The user will be prompted to supply a substring for the COMP, BINARYP, TERNARYP,
and LAMBDA files and the GMIN and INPUT file names. To retrieve a list of all data base files,
the user can simply type in “.DAT" since all of the NONLIN data base files have the string “.DAT”
as the extension. Or, the user can type in any substring of the data base file name (e.g.,
COMP_960130). The GMIN and INPUT filestem names can be independent (e.g.,
SOLUB_01.IN and SOLUB_00.GMIN)}) or the same (e.g., AM_ACETIN and
AM_ACET.GMIN).

After listing the data base files that match the substring specified, the user is prompted to select
each data base file. The user may select a file by copying and pasting the file name to the waiting
request, by double clicking on one of the file names listed, or by typing the entire name.

WARNING: The NL_NONLINC command deletes all data base files with the “NL_" prefix
and “.DAT” extension from the user’s current directory before fetching any of the four data base
files.

6.3.2 Macintosh Environment

The Macintosh executable icon for NONLIN is called PMacNonlin. To start the code, the user
double clicks, either with a mouse or track ball, on the PMacNonlin icon. The chemical data base
files must be located in the same folder that contains the executable icon. After starting the icon,
the program will use the files explicitly labeled BINARYP, COMP, TERNARYP, and LAMBDA
in the icon's folder.
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A suggested method for organizing folders or directories while running NONLIN on the
Macintosh is shown in Figure 6-2 and Figure 6-3. Using this approach, files are grouped as
follows:

. all chemical data base files (BINARYP, COMP, TERNARYP and LAMBDA) and the
PMacNonlin icon in one folder labeled “HMW_ACTINIDE_DB,” as shown in Figure 6-
2. New species can be added to these existing chemical database files without affecting
the results of calculations performed using previous versions of these database files, as
long as a consistent ID numbering scheme is maintained (Sections 7.3 through 7.6).

. the GMIN and INPUT files in another folder. Beneath a major folder labeled “TEST
CASES,” Figure 6-3 shows two problem-labeled folders, “Am_Acet” and “SOLUB,”
each containing the GMIN and INPUT files for the solvent extraction and mineral
solubility problems, respectively. By default, the OUTPUT file will be placed in the
same folder that contains the GMIN and INPUT files.

A screen titled “Output from PMacNonlin” displays the file prompts and writes the file names
on the screen after the user has responded to all prompts. The user makes a selection through a
window display by navigating the folders or directory tree and double clicking on a file name.

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

1. Select INPUT File
2.  Select GMIN File
3.  Enter OUTPUT File Name
6.4 Setting up and Running Solubility Problem

The user supplies the GMIN and INPUT files. The HMW_ACTINIDE_DB chemical data
base files are defined in COMP, BINARYP, TERNARYP, and LAMBDA. The INPUT file has a
variable named “ndtyp,” which defines the type of experimental data. Solubility data is denoted by
setting the “ndtyp” variable to -1.

6.5 Setting up and Running Apparent Stability Constant Problem

NONLIN may be used to fit apparent stability constant data by setting up the problem as a
solubility calculation. A detailed discussion and an example problem are provided in Appendix A.

6.6 Setting up and Running Extraction Problem

For a solvent extraction problem, the input files are the same as those for an solubility problem
(as listed in Section 6.4). Solvent extraction data is denoted by setting the “ndtyp” variable to -4 in
the INPUT file.

P

rs
¢
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HMW_ACTINIDE_DB

/ colmp / / B.N,lw / Em[m/ / wjm /

PMacNonlin

Figure 6-2. Suggested data base folder organization for Macintosh environment.

TESTCASES

Am_Acet SOLUB

/\m_Acet.gmin M Am_Acet.in / /solubm.gmin / /  solub01.in / gﬁ};\)

Figure 6-3. Suggested problem folder organization for Macintosh environment. -
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7.0 DESCRIPTION OF INPUT FILES

Of the six input files for NONLIN (see Figure 6-1), the user sets up the problem in the two
files GMIN and INPUT. The other four files COMP, BINARYP, TERNARYP, and LAMBDA
are the input chemical data base files. All files are text-based files and can be edited by the user
using a convenient text editor.

Although NONLIN reads the INPUT file with both fixed-field and free field-formats!, it reads
all other data files using fixed-field formats only. There are two distinct independent numbers - the
parameter key number and the species ID number. Although both numbers have six digits, they
are not related in any way. The parameter key number is used only in the INPUT file while the
species ID number is used in the other five files. To allow a species to be added or deleted easily,
files are terminated by either a zero or a minus one in the ID number field. Blank lines and
comments can be inserted with caution. Comments may be placed at the bottom of the file, or, in
some cases, at the end of a line where NONLIN does not read them. Comments are used
throughout the chemical data base files and the sample files to help the human reader identify the
species on a line and document the source of the data or the fields in the file.

A description of all six input files follows.
7.1 GMIN

The GMIN file species are the chemical species to be considered in a particular computer run.
The species [D numbers used in GMIN must correspond to species definitions in the COMP file.
In addition, aqueous species may have ion interaction parameters specified in BINARYP,
TERNARYP, or LAMBDA, but these are not required.

The six-digit ID number is assigned by the user. The first digit is the phase indicator, and can
be 0, 1, 2, 3, or 4 for aqueous, solid, solid solution, and two types of adsorbed species,
respectwcly Only aqueous and solid species are relevant to WIPP use of this code so only phase
types 0 and 1 will be considered henceforth.

The assignment of the remaining five digits is arbitrary, with the only constraint being that each
six-digit combination must be unique. The following conventions are suggested to help provide a
method to assign ID numbers. Let the second and third digits correspond to the atomic number of
the metallic portion of the species (if any) and the fourth and fifth digits correspond to the
nonmetallic portion (if any). Use the final digit is used to break redundancies. These scheme is
illustrated in Figure 7-1.

For example, the species IDs could be 012000 for aqueous Mg **, 000170 for aqueous Cl ,
and 012170 for the MgCl * pair.

! “Fixed-field format” means that input data is read precisely in the columns specified by the code; “free-field
format” means that the input numbers are independent of column formatting (i.e., the numbers in the input file are
simply separated by spaces, tabs, or carriage returns). For example, in the sample INPUT file provided in Appendix
C, lines 1 through 3, only the first 16 columns are read using a fixed-field format; lines & - 37 are read using the
free-field format. However, the sample GMIN file provided in Appendix B must be read in its entirety using a ﬁxed—
field format input specification. L
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The order of the species in the file is important. The first species must be water, followed by
cations, anions, and neutral species. The solid species are listed last.

The mole numbers for the species are read from the INPUT file. The mole numbers in GMIN
file should be set to zero for aqueous species, and nonzero for solid species.

Table 7-1 lists the GMIN file parameters. The “LINE” column refers to the line numbers listed
in the EXTR_00.GMIN file. The “Variable Name” column corresponds to the NONLIN program
variables. “Permissible Value” column is the only set of values permitted for use with this
program. Any other values have unknown consequences.

The EXTR_07.GMIN listing shows a "-1" on line 11 denoting the end of all species.
NONLIN will ignore any lines that follow line 11. On lines 3-8 and line 10, NONLIN ignores the
comment at the end of the lines following the species ID and mole number.

In Appendix D the sample input file SOLUB_00.GMIN lists six aqueous species and one solid
species. NONLIN ignores any lines after line 11.

0 = aqueous ‘
1 = solid atomic number

2 = solid solution of nonmetallic portion
3 or 4 = adsorbed of species

1st 2nd 3rd 4th 5th 6th
digit | digit | digit | digit | digit | digit

arbitrary digit to eliminate

atomic number :
redundancies

of metallic portion
of species

Figure 7-1. Format for six-digit species ID number.
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Table 7-1. GMIN File Parameters (Line Numbers Correspond to Sample Listing in Appendix
B)
Line |Frmt | Col Variable Permissible | Description
Name Value
| 1x,I5 | 1-6 idebgl Oor normal mode or
1 debug mode, prints intermediate calculations while
iterating
I5 7-11 isopt 0 flag setting the Pitzer ion interaction model
I5 12-16 | idopt 0 flag setting the non-ideal free energy model
15 17-21 iphopt Qor flag for printing species concentrations at end of
iterative cycle
i print after each iteration
2 I3 I-3 iads 0 no adsorption option
3 16 1-6 id(1) 001080 species ID number for water (water must be listed first)
Fi53 | 7-21 x(1) 0.0 unused mole number (read from INPUT fiie)
4-8 Ie 1-6 1d(i) list of aqueous species
F15.3 | 7-21 x(i) 0.0 unused mole number (read from INPUT file)
9 Ie 1-6 1d() 000000 end of aqueous species
10 6 1-6 id(i) 200000- list of solid species
299999
F15.3 | 7-21 x(iy 0.0 unused mole number (read from INPUT file)
i1 16 1-6 id(i) -1 end of all species
12 comment line
T


























































































165

167
168
pi=2l
17T
171
172
172
174
175
176
177
72

182
i1
122
183
184
185
182
1er
183
189
190
131
132
193
18
195
198
197
198
139

2

202

206
X7
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FINAL MOLALITIES

Na+

3.000E-01
1-000E+00
2.000E+DD
3.000E+00
4.000E+00
5.000E+00

FIKAL LOG ACTIVITIES

Na+

Ha+

§,728E-01
1-827E-01
1.261E-G1
3.310E-01L
4,960E-01
6.40BE-01

-G.150¢0
-0.1827
-0.1748
-0.1461
-0.1960
-0.05%82

H+ Am+++F AmAc++F Cl- ke-F
1.427E-05 1.010E-08 5.426E-07  3.000E-01 1.010E=-02
1.442E-05 1.021E-06 2.304E-07 1.000E+30 1.021E-02
1.465%E-05 1.D3%E-06 2.856E-07 2.0UDE+OD 1.G3%E-02
1.4BHE-05 1.054E-06 4.706E-07 3_000E+00 1.054E-02
1.513E-05 1.071E~06 7.240E-07 4,00CE+00 1.071E-02
1.538E-05 1.0839E-06 1.725E~-06 5.000E+00 1.08%E-02

H+ Am+++F AmAC++F cl- Ac-F
-4 .%5BE+00 =-7.403E+00 =-6.823E+00 -6.75BE-01 -2.160E+{0
-4 .901E+00 -7.718E+00 -7.167E+00 -1.853E-01 -2.207E+00
-4 .771E+00 ~7.834E+00 -7.338E+00 1.237E-01 ~2.212E+00
~4.625E+00 -7.836E+00 -7.244E+00 3.287E-01 -2.194E+00
~4,472E+00 -7.77SE+Q0 -7.213E+00 4.93BE-01 ~-2.160E+00
-4.315E+00 -7.671E+00 =~7.03BE+00 6.385E-01 -2.116E+00

Calculated Log Activity Coefficients
e Am++ T AmACH+E [ Ro-F
-0.1130 -1.4077 -0.5573 -0.152% -0.1643
~0.0602 -1.7272 -0.6858 -0.18513 ~0.2161
0.0630 -1.8505% -0.7536 -0.1773 -0.2290
0.2022 -1.85889 ~0.9171 ~0.1485 -0.2168
0.3484 -1.8042 -1.07%0 -0.1083 . -0.1%01
0.4981 -1.7082 -1.27%0 -0.0604 -0.152%
FINAL L2 NORM OF THE RESIDUALS 1.4263862E-01

EXIT PARAMETER

FINAL APPROXIMATE SOLUTICN

PRy
neao
SRR

~3.9535830E+02
2.27C0551E-01
2.1540417E+00C
~3.%943059E-02

Figure A-5. Sample Output File: AM_ACET.OUT (3 of 3)
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1 0 ¢ ¢ 0
2 0
3 Q01084 0.00000000C 1 0 H20
: 011000 0.00000000 2 1 Na+
5 001000 0.00000000 3 2 H+
& 095000 0.00000000 4 3 Am+++
7 095830 0.00000000 5 4 AmAc++
E 000170 0.0000000C € 1 Cl-
2 0p08s0 0.00000000 7 2 Ac-
w - 000000
i -1
12 -1

o oA P —

N

o

COO0OCOOoOMm

Ul W .

Figure A-6. Sample Input File: AM_ACET_POST_ABN.GMIN

30 1.4273e-5 1.010e~6 5.426e-7 .3 1.010e-2
.0 1.4422e-5 1.021e-6 3.304e-7 1 1.021e-2
.0 1.4648e-5 1.03%e-6 2.856e-7 2 1.038e-2
.0 1.4883e-5 1.054e-6 4.706e-7 3 1.054e-2
0 1.5127e-5 1.071e-6 7.240e-7 4 1.071e-2
.9 1.5378e-5 1.08%e-56 1.725e-6 3 1.08%e-2

Figure A-7. Sample Input File: AM_ACET_POST.IN
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LI B

LS Tt B I A B 1Y

- a2
PcRpy

Byl R

3]

SR BYHBRY

£ 2 388

001080H20

0010008+
011000Na+
012000K+

0000800H-
000161ES04-
¢o0170C1~
017080C10O4~

000050E (OH) 3 (aqg)

090000Th++++
093080Np (V)02+
09500 0Am+++
095001 Am+++F

095890AmAC++
095891 AmAC+H+F

000B90Ac-
000881Ac-F

0009%00x=
001990HOx~
001991H20x (aq)
093890NpO2Ac{aq)

101990H20x.2H2C (s)
111990Na20x (s}

4]

1
1

[

0
0

195890AmAc/Am/Ac(s) O

193002Na+/Np0O2+EX
199003Na+/Th++++EX

111170 Halite
119172 Sylvite

-1

-55.6635

goo.
. 651

-1035

-113.

-63.
-304.

000

957

435
942

-52.9550
-73.81

-390.

-284
-369.

-241.

-241.

-395.
998,

~-147.

~-147.

81¢C

227

109
694
694

358
999

347
347

-272.2
-281.9%4
-284.95

-519.

999,

999.

0

999,
9%9.

-154.
~-164.

800

999
899

.00

999
939

990
840

12

(-

(5]
=

90
93
95
95

85

—

95 1.

8% 1.
82 1.

9% 1.
9% 1.
89 1.
93 1.

99 1.
99 1.

73 1.

=
~J

[ S pyarpran

e e

N
. .

.08 1.0

.0
.0
.G

Lo e B o Y}
o oo
o
.C).
—
—

s}

g 3.0 1 3.

fe B B an B e ]

72 1.0

.08% 1.0
089 1.073 1.

071 1.0

[ B B
oo

0 8 2.089 1.

Figure A-8. Sample Input File: AM_ACET_COMP_POST_ABN DAT
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NONLIN V2.0

T
3 NONLIN was developed by A.R. Felmy
&
5 INPUT file name is Ul:[ SCBABB.NONLIN.USERGUIDE} AM ACET_POST.IN:1
53 GMIN file pame is Ul:[ SCBABB.NCNLIN. USERGUIDE]AM ACET POST _ABN. GMIN;
7 QUTPUT file name is Ul:[ SCBABB.NONLIN. USERGUIDE]AM ACET POST . "ABN.OUT:1
B
g AQUEOUS SPECIES
15
11 D NAME MOLES Z ulrt
2 1080H20 0.0000000000CG 0. -95.663
12 11000Na+ £.000000000000 1. ~-105.651
12 10008+ 0.000000000000 1. 0.000
15 95000Am+++ 0.000000000000 3. -241.6%4
18 $5890AmAC+H+ 0.000000000000 2. ~395.358
i 170C1- ¢.oooogocooc0)  -1. -52.855
8 BY0AC~ 0.000000000000 -1. -147.347
S SOLID PHASES
ID NAME MOLES z uwlrt
CONSTRAINT EQUATIONS
o] 1 8 1l 93 89 17

H20 0.0 2.0 1.0 0.0 .o 0.0 2.0

Na+ 1.0 0.0 .o 1.0 0.0 0.0 0.0

H+ 1.0 1.0 t.qQ 0.0 0.0 .0 0.0

Am+++ 3.0 0.0 c.0 0.0 1.0 0.0 0.0

AmAC+H+ 2.0 0.0 0.0 0.0 1.0 1.0 0.0

cl- -1.0 0.0 0.0 0.0 0.¢ 0.0 1.0

Ac- -1.0 0.0 0.0 0.0 0.0 1.0 0.0

Ciosed input files GMIN and COMP

COMP file name is Ul:[ SCBABB.NONLIN.USERGUIDE} AM ACET_COMP_POST_ABN.

BINARYP file name is Ul:[ SCBABB.NONLIN.USERGUIDE] AM_. ACET “BINARYP.DAT; 1

TERNARYP file name is Ul:[ SCBABB.NONLIN. INPUTFILES] TERNARYP.DAT;1

LAMBDA file name is Ul:{ SCBABB.NCNLIN.INPUTFILES] LAMBDA,DAT:1
non-ideal electrolyte parameters

single electrolyte parameters

Na+ Ccl- 0.07850 0.26640 0.00000 0.00127
Na+ Ac- 0.14260 0.22000 0.00000 -0.00629
H+ Ci- 0.17750 C.29450 0.00000 0.00080
H+ Ac- 0.00000 0.00000 0.00000 0.0000C
Am+++ Ccl- 0.61170 5.40300 0.00000 -0.02840C
Am+++ Ac- 0.00000 6.00000C 0.0000C 0.00000
AmAc++ Ccl- 0.22700 2.15400 2.00000 ~3.10200
AmAc++ Ac- 0.00000 0.00000 0.00000 0.00000

ternary electrolyte parameters

cl- Ac-
Na+ H+ 0.03600 -0.00400 0.00000
Na+ Am+++ 0.00000 C.00000 0.40000
Na+ AmAc++ 0.00000 0.00000 0.00000
H+ Amb++ 0.000940 0.QQ00C 0.00000
H+ AmAc++ 0.00000 0.00000 0.0CC00
Am+++ AmAc++ 0.06000 0.0¢000 0.00000
Na+ H+ Am+++ AmAc++
Cl- Ac~ ~0.090C0 0.061029 0.00000 0.00000 0.00000
TOTAL NUMBER OF SPECIES = 7
NUMBER QF COMPONENTS = 7
INDEPENDENT CONSTRAINTS = 6

PR E NN R YRS BRI B G P AR R A SRR RBNRNRINER

Figure A-9. Sample Output File: AM_ACET_POST_ABN.OUT (1 of 2)
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SOLUBILITY DATA

38

input molalities

i

~
A

74 Na+ H+ Am+++ AmAc++ cl- Ac-

75 3.000E-01 1.427E-05 1,.010E-086 5.426E-07 3.000E-01 1.010E~-G2
% 1.00CE+DC 1.442E-C5 1.021E~-C6 3.304E-07 1.000E+0C 1.021E-02
7 z.0D00E+CO 1.465E-C5 1.035%E-0%6 2.856E-07 2.C0DE+DD 1.0G3%E-02
e 3.000E+CO 1.488E-05 1.054E-06 4.706E-07 3.C0Q0E+00Q 1.054E-02
74 4.000E+00 1.513E-05 1.071E-06 7.240E-07 4.000E+0D 1.071E-02
L) 5.000E+00 1.538E-D5 1.089E-06 1.7253E~0%6 5.000E+00 1.088%E-02
81

a ADJUSTED PARAMETERS

23

8 DATA SET( 1)

25

86 input calc diff

87 0.0000000C0000000E+000 0., 0Q000C0O0000C000CE+CDD

2] 0.000000000000009E+00C  0.,000CC0C00000000E+CQ0

] 0.000000000000000E+C00  0.000CCC000C00000E+D0D

€© 0.00000000000000CE+0Q0C  0.0000000000C00Q00E+C00

Bl 0.000000CC0O000000E+000  0.0000CC000000000E+0OD

e 0.000000000000000E+0CC 0.0QCCCOO000CCO000E~+000

2

E AVERAGE DEVIATION = (.0000E+0C

95

% STANDARD DEVIATION = 0.0Q0QQE+CO

E

38 FINAL MOLALITIES

%

16 Na+ H+ Am+++ AmAC++ Cci- Ac—

11 3.00CE-01 1.427g-05 1.Q08E-06 5.44%E-07 3,000E-Q1 1.010E-Q2

1%z 1.000E+00 1.442E-05 1.030E-06 3.219%E-~07 1.000E+00 1.021E-C2 i
122 2.000E+00 1.465E-05 1.02Q0E-06 3.043E-07 2.0C0E+00 1.03%E-02

184 3.000E+00 1.48BE-C5 1.084E-06 4.404E-07 3.0C0E+00 1.054E-02

125 4.000E+00 1.513E-05 1.045E-06 7.496E-07 4.000E+00 1.071E-02

1% 5.000E+0C 1.53BE-05 1.093E-06 1.721E-06 5.000E+00 1.0BSE-02

ﬂé FINAL LOG ACTIVITIES

129

13 Na+ H+ Am+++ AmAC+H+ cl- Ac-

11 =6.,728E-01 -4.958E+00 =7.404E+0C =-6,821E+00 ~6.758E-Q] -2.160E+0C

12 ~1.827E-01 -4.901E+00 =-7.715E+0C -7,17BE+00 =-1.853E-Ql -2.207E+00Q

113 1.261E~01 =4.771E+00 -7.842E+00 -7.311E+00 1.,237E-01 -2.212E+0Q0

114 3.310E~01 =-4.625E+00 ~7.824E+00 =-7.274E+00 3.287E-01 -2.194E+00Q

s 4,960E-01 ~4_.472E+00 ~-7.785E+00 —-7.202E+00 4.938E~01 -2.160E+00

18 6.408E-01 =-4_315E+00 =-7.669E+00 =-7.042E+00 6.388E=-01 -2.116E+Q0

117

118 Calculated Log Activity Coefficients

18

] Na+ H+ Am+++ AmAcC++ cl- Ag-

1M -0.1500 -0.1130 -1.4077 -0.5573 ~0.1529% -0.1643
122 -0.1827 -0.0602 -1.7272 -0.6859 -0.1853 -0.2161
22 -0.1749 0.0630 -1.8505 -0.7941 =0.1773 -0.2290
125 -0.1461 0.2022 -1.8588 -0.9181 -0(.1483 -0.2168
125 -0.1060 0.3484 -1.8043 -1.0767 -0.1083 ~-0.1901
128 -0.0582 0.4981 -1.7082 -1.2776 -0.0604 -0.1529
2

128 SOLID PHASE NOW IN EQUILIBRIUM

125

13 DATA SET( 1)

13

a2 input calc diff

12 wxkw STNGULAR MATRIX IN DECOMP, ZERO DIVIDE IN SQLVE

134

Figure A-9. Sample Output File: AM_ACET_POST_ABN.OUT (2 of 2)
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Figure A-10. Apparent stability constant for AmAc in NaCl media: comparison of the model
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0 ] 0 0

0

001080 0.00000000 1 0 HZ20
011000 0.00000000 2 1 Na+
001000 0.00000000 3 2 H+
085000 0.00000000 4 3 Zm+++
095830 0.00000000 5 4 AmAc++
000170 0.00000000 &€ 1 Cl-
000890 C.00000000 72 Ac-
000000

1958851 0.00000000

-1

-1

Figure A-11. Sample Input File: AM_ACET_POST_NORM.GMIN.
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001080E20

0010008+
011000Na+
013000K+

0000800OH-
000161HS04~-
000170C1L-
017080Cl04~

0000508 (OK) 3 (aq)

090000Th++++
093080Np (V)02+
095000Am+++
095001 Am+++F

085890AmAC++
095821 AmAc++F

0008%0AC-
000831Ac~F

0009900x=
£01990HOX-
001891H20x (ag)
0938390NpO2Ac (aqg)

101990H20x.2H20 (s)
111990Na20x(s)

0

1
1

=

Y
0

195830AmAc/Am/Ac(s) 0

155891AmAc/Am/Ac (s)

193002Na+/NpO2+EX
199003Na+/Th++++EX

111170 Halite
119172 Sylvite

-i

0

~895.6635

gco.000
~105.651
-113.837

-63.435
-304.942
-52.8550

-73.81

-390.810

-284.227
~-369.105
-241.694
-241.694

-385.358
999.989

~-147.347
-147.347

-272.2
-281.94
-284.99

-519.800

999,999
999.999

0.000
0.000

899,999
999.993

-154.93%0
-164.840

12

=
(GRS

1
16
i7
17

5
50
93
95
95

85

95 1.

89 1.
89 1.

39

99

93 1.

99 1.
9% 1.

[ R S RN b g
e e . .

e [ 0

[

1
99 1.
1

.0 8 1.0

.0

oo

o w
e
[aw]

CcCoO oo

Figure A-12. Sample Input File: AM_ACET_COMP_POST_NORM.DAT
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NONLIN V2.0

NONLIN was developed by A.R. Felmy

.
INPUT file name is Ul:l SCBABE.NONLI ﬁRGU]DEJ AM_ACET_POST.IN;1
GMIN file name 1s Ul:[ SCBABR.NCNLIN._USERGUIDE) AM_ACET_POST_NORM.GMIN
QUTPUT file name is Ul:[ 3CBABB.NONLIN_USERGUIDE] AM_ACET_PCOST_NORM.OUT:

AQUECQUS SPECIES

-k s s
AWK DM@ A LAY

1D NAME MOLES 2 ulrt

1080HZC 0.000000000000 c. ~85.663

11000Na+ 0.000000000000 1. -105.651

1000H+ 0.00Q000000000 1. a.000
156 95000Am+++ C¢.o00000000000 3. -241.654
18 95890AmAC++ 0.000000000000 2. -3%5.358
17 170Ci- 0.00000000G000  -1. -52.955
18 89CAC~ 0.0000000Q00000 ~-1. -147.347
] SOLID PHASES
e
21 1D HAME MOLES z ulire
2 195891 AmAC/Am/AC (s 0.000000000000 o. ©.000
23
24 CORSTRAINT EQUATIONS
25 o 1 ] 11 85 LR 17
25 H20 0.0 2.0 1.0 0.0 0.0 0.0 0.0
27 Na+ 1.0 0.0 ¢.0 1.0 0.0 0.0 0.0
22 H+ 1.0 1.0 0.0 .0 c.o 0.0 0.0
29 Am+++ 3.0 0.0 0.0 0.0 1.0 c.o 0.0
2 AmMAC++ 2.0 a.q 0.0 0.0 1.0 1.0 0.0
kil ci- -1.0 2.0 0.0 .0 0.0 0.0 1.0
32 Ac- -1.0 0.0 g.c 0.0 0.0 1.0 0.0
az AmRC/Am/AL (8 0.0 0.0 a. 0.0 0.¢ 0.0 0.0
34
35 Closed input files GMIN and COMP
36
7 COMP file name is Ul:[ SCBABB.NONLIN.USERGUIDE] AM_ACET_COME_BCST_NORM
ag BINARYP  file name is Ul:[ SCBABE.NONLIN.USERGUIDE] AM_ACET_BINARYP.DAT:]
3 TERNARYP file name is Ul:[ SCBABB.NGNLIN,INPUTFILES] TERNARYF.DAT;1
4G LAMBDA file name is Ul:f SCBABB.NONLIN.INPUTFILES] LAMEDA.DAT:1
41
42 non-ideal electrolyte parameters
<3
4 single electrolyte parameters
4l Na+ ci- 0.07650 0.26640 0.00000 0.00127
48 Na+ Ac- 0.14260 0.22000 4.00000 -0.00629
£7 H+ Cl- 0.17750 0.23450 0.0C000 0.00080
&8 H+ Ac- 0.o0000 0.00000 0.00000 0.00009
LE] Amesd cl- 0.s8l17C 5.403Q0 0.00000 -0.028B40
5 Am+++ Ac- o.00000 0.00008 0.00000 0.0000¢C
51 AmAc++ Ccl- 0.22700 2.15400 0.ocopQo -0.10200
52 AmAC++ Ac- 0.00000 0.00000 0.0co00 0.00900
53
Ol ternary electreolyte parameters
55
5 ci- Ac-
57 Na+ H+ 0.03600 ~0.08400 9.60000
38 Na+ Am+++ 0.00000 0.00000 0.000C00
549 Na+ AmAc++ 0.00000 C.00000 0.00600
5o H+ Am+++ 0.0000G 0.00000 0.00000
£1 H+ AmAc++ 0.00000 0.00000 0.00000
62 Am*++ Amac++ 0.ggoog 0.00000 0.40000
[
o Na+ H+ Am++ AmAcC++
=] cl- Ac- -0.0%000 0.01023% 0.00000 0.00009 0.00000
56
&7 TOTAL NUMBER QF SPECIES = 8
62 NUMBER CF CCMPONENTS -~ 7
& INDEPENDENT CONSTRAINTS = 5
7
Ial SOLUBILITY DATA
b
73 input meclalities
74
75
7% Na+ H+ Am+++ AmACH+ [ R Ac-
rr 3.0C0E-01 1.427E-05 1.010E-06 5.426E-07 3.000E-01 1.010E-02
78 1.000E+00 1.44ZE=05 1.021E-06 3.304E-07 1.000E+0O0 1.021E-02
I 2.0C00E+0OC 1.465E-05 1.033%E-06 2.B56E-07 2.000E+00 1.039%E-Q2
RC 3.000E+00 1.488E-05 1.054E-06 4.706E-07 3.000E+00D 1.054E-02
1 4.000E+00 1.513E-05 1.07iE-0¢6 7.240E-07 4.000E+QQ 1.071E=-02
82 5.00CE+00 1.538E-05 1.CE&9E-06 1.725£-06 5.000E+00 1.089E-02
&

Figure A-13. Sample Output File: AM_ACET_POST_NORM.OUT (1 of 3)
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e
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118
113
120
i
122
122
R
125
126
127
128
125
138
2
pic3
132
134
135
136
137
138
133
10
13
142
143
144
145
148
1=7
148
148
150
151

NONLIN, Version 2.0
User’s Manual

Appendix A - Exampie for Calculating Thermodynamic Parameters from Constants

WPO # 30740
January 31, 1996
Page 59

ADJUSTED PARAMETERS
DATA SET( I}

input calg
0.000000000000000E+000
0.0000000000C0000E+000
0.000000000C00000E+000
0.0000G00000GOQO0RE+DQO

Qiff

0.000000000000000E+000
0.0000000000000G0E+000
0.00000000GC0000CE+D0D
0.0C00000C00G0COI0E+000

0.000000000000000E+COD 0.0000000C000C00CE+000C
0.00003000000000CE+C0D 0.000000000000000E+000
AVERAGE DEVIATION - 0.0000E+0D
STANDARD DEVIATION = 0.0000E+00
FINAL MOLALITIES
Na+ : H+ Amess AmAC++ cl- Ac~
3.000E-01 1.427E-05 1.00BE-O8 5.449E-07 3.0Q00E-01 1.010E-02
1,000E+00 1.442E-05 1.03CE-06 3.218%E-07 1.000E+00 1.021E-02
2.000E+00 1.465E-05 1.020E-08 3.043E~07 2.000E+DO 1.039E-02
3.00QE+0C 1.4B8E-05 1.084E-04 4.404E-07% 3. 00QE+QG 1.034E-02
4.000E+Q0 1.513E-05 1.045%E-06 7.496E-07 4.000E+00 1.071Eg-02
5,000E+00 1.538E-05 1.993E-06 1.721E-086 5.000E+00 1.088E-02
FINAL LGG ACTIVITIES
Na+ H+ Am+++ AmACH+ cl- Ac-
-6,728E-01 -4.958E+00 -7.404E+Q0 -6.821E+00 -6.75BE-01 -2.160E+00D
-1.827E-01 -4.901E+00 -7_.715E+00 -~7.178E+00 -1.853E-01 -2.207E+0C
1.2861E~01 «4.771E+D0 ~7.842E+D0 -7.311E+0D 1.237E-01 ~-2.,Z12E+00
3.310E-01 -4.625E+00 =7,.824E+00 -7.274E+0Q0 3.287E-01 ~2,194E+00
4,960E-01 -4.472E+00 -%.7BSE+00 -7.202E+00 4.93BE-01 -2.160E+00
6.408E-01 -4_.315E+00 -T7,.669E+00 -7.042E+00 6.385E-01 -2.116E+00
Calculated Log Activity Coefficients
Na+ H+ Amt s+ AmAc++ Ci- Ac-
-0.1500 -0.1130 -1.4077 -0.5573 -0.1529 -0.1643
-0.1827 -0.0602 -1.7272 ~0.685% -0.1853 -0.2161
-0.1749 0.0630 ~-1.8505 -0.7941 ~0.1773 ~0.2290
=-0.,1461 0.20z22 -1.8589 -0.91381 ~0.1485 ~G.2168
-0.1060 0.3484 -1.8043 -1.07867 =0.1083 -0.1901
-0.058B2 0.4%81 ~1.7082 -1.2776 ~0.0604 -0.1529

SCOLID PHASE NOW IN EQUILIBRIUM
DATA EETI 1)

input cals diff
projected hessian indefinite

0.0000000000C0000E+Q0DD
projected hessian
0.0000000C000C00DE+000
projected hessian
0.000000000000000E+COD

0.C000C00COU0DI00E+DQ0

indefinite

G.000000000G0Q000E+QOD

indefinite

0.000000000000000E+QDD

projected hessian andefinite

0.000000000000000E+400C

0.0000C0000000000E+000

projected hessian indefinite

0.0000000C00CC000E+QQD
projected hessian

0.00000000000C000E+0Q0

AVERAGE DEVIATICH -

STANDARD DEVIATION =

Figure A-13. Sample Output File: AM_ACET_POST_NORM.OUT (2 of 3)

0.0000000060C0Q0G0E+DQ0

indefinite

0.00000000000Q000E+CGOD

0.0000E+Q0

0.0CCO0E+CQO




NONLIN, Version 2.0 WPO # 30740
User's Manual Jannary 31, 1996
Appendix A - Example for Calculating Thermodynamic Parameters from Constants Page 60
FINAL MOLRLITIES
Na+ H+ Am+++ AmAC++ cl- Ac-
3.000E-01 1.427E-05 1.008E~06 5.449E-07 3.000E-01  1.010E-02
1.000E+DC  1.442E-05 1.030E-06 3.219E-07 1.00CE+00 1.021E-02
2.000E+00 1.465E-05 1.020E-086 3.043E-07 Z.000E+Q0 1.038E-02
3.000E+0C 1.488E-05 1.084E-06 4.404E-07  3.00GE+«00  1.054E-02
4_.00GE+00 1.513E-05 1.045E-086 T.496E~07 4,000E+00 1.071E-02
5.000E+00 1.538E-05 1.0%3E-06 1.721E-0%6 5.000E+00 1.089E-02
FINAL LOG ACTIVITIES
Na+ H+ Am+++ Amhc++ cl- Ae-
-6.728E-01 ~4.,958E+00 -7.,404E+00 -§,8Z1E+00 -6.75BE-01 -2,160E+0Q0
-1.827E-01 =-4,8%02E+00 -7.713E+00 -7.178E+00 -1_.853E-01 -2.207E+00
1.261E-01 -4.771E+G0 -7.B42E+00 -7.311E400 1.237E-01 -2.212E+00
3.310E-01 <~4_.825E+00 ~7.824E+00 ~7,Z74E+00 3,Z87E-01 -2,194E+00
4.960E-01 =-4,472E+00 -7.785E+00 -7.202E+Q0C 4.93BE-01 ~2.160E+00
6.40BE-0Di ~-4.315E400 -7.669E+00 -7.042E+00  &.385SE-01 ~2.116E+00
Calculated Log Activity Coefficients
Na+ H+ Am++r AMACH+ cl- Ac-
-0.1500 -0.1130 -1.4077 -0.5573 -0.152% -0.1643
-0.1827 ~0.0602 -1.7272 -0.6859 -0.1853 -0.2161
-0.1749 0.0630 -1.8505 -0.7541 -0.1773 -0.2250
-0.1462 0.2022 -1.8589 -0.9181 -0.1485 -0.2168
-0.1060 0.3484 -1.8043 -1.0767 -0.1083 -0.1901
-0.0582 0.4883 -1.7082 -1.27786 -D.0604 -0.1529%
FINAL L2 NORM COF THE RESIDUALS 0.0000000E+00

EXIT PARAMETER

FINAL APPROXIMATE SQLUTION

Figure A-13. Sample Output File: AM_ACET_POST_NORM.OUT (3 of 3)
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Appendix B - Sample Input File: EXTR_00.GMIN

L 7

o n

™

[ See Table 7-1 for explanation of this listing. ]
0 0 0 0
0
001080 0.00000000 H20
011000 0.000000C0 Na+
090000 0.00000000 Th+++
001000 ¢.00000000 H+
000080 0.00000000 OH-
017080 0.00000000 Cl104-
000000 B
199003 0.00000000 Th++++/Na+ extracted ST
-1
-1

Appendix C - Sample Input File: EXTR_07_EXACT.IN

[ ~___ See Table 7-3 for explanation of this listing. = ]
~ -

1 000007 -120.65 uel TR++++/Na+ extracted)] See key 1n

2 010202 1.186 b(0) Yh+++/ClO4~ : _

3 040202 -0.0141 cphi Fh+++/Cl04- Flgure A-1.

& ~1

5 16 -4

g 1.00E-05 0.000 ¢.307 2.12E-05 1.00E-D7 1.C0E-07 0.307
7 1.00E-05 0.000 0.307 2.12E-05 1.00E-07 1.00E-07 0.307
8 1.00E-05 0.000 1.035 5.94E-05 1.00E-07 1.00E-07 1.035
g 1.00E-05 0.009 1.035 5.81E-05 1.00E-0Q7 1.00E-07 1.035
12 1.00E-05 0.000 2.129 1.69E-04 1.00E-07 1.00E-07 2.129
1 1.00E-05 0.000 2.129 1.69E-04 1.00E-07 1.00E-07 2.129
12 1.00E~D5 0.co00 3.322 3.13E-04 1.00E-07 1.00E-07 3.322
12 1.00E-05 ¢.000 3.322 3.39E-04 1.00E-07 1.00E-07 3.322
14 1.00E-05 0.000 4,657 9.45E-04 1,00E-07 1.00E-07 4.657
15 1.00E-05 0.000 4.657 9.45E-04 1.00E-07 1.00E-07 4.657
18 1.00E-05 0.c00 §.176 1.26E-03 1.00E-07 1.00E-07 6.176
7 1.00E-05 ¢.0Q0 6.176 1.45E-03 1.00E-07 1.00E-07 6.176
8 1.00E-05 ¢.0Q0 9.929 1.93E-03 1.00E-07 1.00E-07 9.929
13 1.00E-05 0.000 9.929 2.19E-03 1,00E-07 1.00E-Q7 9.92%
2 1.00E-05 0.000 14.916 2.33E-03 1.00E-07 1.00E-07 14,916
2 1.00E-05 0.000 14.916 2.29E-03 1.00E-07 1.00E-07 14,916
2 -1
23 -1
2&
b=l mORG PH mNa+ mTn++++ mi+ moH- mCloa-
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Appendix D - Sample Input File: SOLUB_00.GMIN

See Table /-1 for explanation of this listing.

1 G 0 o ¢
2 o]
: 001080 0.006000000 H20
. 001000 0.00000000 H+
5 000080 0.00000000 OH-
& 000161 0.00000000 HSO4~
001991 0.00000000 H20x (ag)
8 oocooo
] 101990 .000000000 H20x.2H20 (s)
13 -1
t -1
Appendix E - Sample Input File: SOLUB_0L.IN
B See Table 7-3 Jor_explanation of this listing.
« See key in
; 920006 10.0 @ H2C204.2H20 (s)) Figure A-1.
3 07 -1
s 0.0 0.0 1.168  8.56E-15 1.168 0.875
s 0.0 0.0 1.965 5.09E-15 1.965 0.653
s 0.0 0.0 2.927  3.42E-15 2.927 0.534
7 0.0 0.0 4.450  2.25E-15 4.450  0.476
e 0.0 0.0 6.660 1.50E-15 6.660 0.432
s 0.0 0.0 9.548 1.05E-15 9.548 0.574
e 0.0 0.0 13.941 7.17E-16 13.941 1.268
3| -1
12 -1
12
14
15 0.0 pH mH+ mOH- mHS0O4- mH20x
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Appendix F - Listing of COMP.DAT

See Table 7-4 for_explanation of this listing.

L P E I NS B

-
[+ =R ¢ ]

]

BALIBERAIVLE R

001080820 0
0010GC0H+ 1
011000Na+ 1
019000K+ i
0000800H~- -1
0CCL61HSO4~ -1
goolvoCy~ -1
017080C104~ -1
00C050B (COH) 3 (ag) ¢}
090000Th++++ 4
023080Np (V)02+ 1
095000Am+++ 3
095001Am+++F 3
095890AMACt+ 2
095891AmAc++F 2
000890Ac~ -1
000891Ac-F -1
0009%00x= -2
001920HOx~- -1
001991KH20x (aq) 0
093890Np0O2Ac(aqg) o
10199%0H20x.2H20(s) O
111290Na20x (s} 0
195890AmAc/Am/Ac{s} 0
199002Na+/NpO2+EX
199003Na+/Th++++EX
111170 Halite
115172 Sylvite
-1

-95.6635

000.000
-105.651
-113.837

-63.435
-304.942
-52.9550

-73.81

-390.810
-284.22%
-36%.108%
~241.654
-241.694

99%.99%5
989,999

-147.347
-147.347

-272.2
-281.94
-284.99

-519.800

995.999
999.999

0.000

995.999
999.999

~-154.990
-164.840Q

1.0
11 1.0
19 1.0

[
[
(=]

1.0
16 1.0
17 1.0
17 1.0¢

95 1.08% 1.0
95 1.089 1.073 1.0C

89 1.0
89 1.071 1.0

w0

w
e
cao
[

1.0
2.0
83 1.0 8 2.08% 1.0

29 g 2.0

1.0 1 6.0
99 1.011 2.¢C
73 1.071-1.072-1.0

83-1.011 1.0 8-2.0
90-1.011 4.¢C

B2 e zap
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Appendix G - Listing of BINARYP.DAT

See Table 7-3 for explanation of this listing.

[ R R Y I

-

—
E¥]

i

™

011000 000170 .0765 .2664 .00Q .o00127 Na+ cl-

011600 000181 .0D454 398 .000 . G000 Na+ -~ RBS04-

011000 000080 .0864 .253 .aeo 0044 Na+ OH-

011000 017080 .0554 0.2755 .000-.00118 Na+ clo4-

011000 001%90 -.0307 000 .000 .000 Na+ HOx-

011000 000990 0028 1.461 .Q000 .027 Na+ Ox=

0l1000 00CBY90 .l426 .22 .000-.00629 Na+ Ac-

011000 0008381 .l1426 .22 .000-.00629 Na+ Ac-F

019000 0CQUpl70 .04835 2122 .Q00-.000864 K+ - Cl-

019009 ©Qolsel -.0Q03 1735 .QQ0 .Qea K+ = HS04-

019000 0CQOBO .1298 .320 000 .0041 K+ - OH-

001000 000170 .1775 2945 .0oQ .Qqoo8 H+ = Cl-

001000 OCCl6l .2065 5556 .000 .000 H+ - HS04-

001000 017080 .1747 {(.2931 000 .00819 H+ - C1lD4-~

090000 000170 1.092 13.7 -160. -.112 Th++++ - Cl1- Roy et al. 18992
090000 017080 1.186 27.3 .000 -.0566 Th++++ - Cl04- GRC Extr Data
083080 000170 .1415 281 .000 000 NpO2+ - Ci- NFRK95

093080 017080 .257 .180 L0000 L0081 NpO2+ - Cl04- NFRK95

0950C0 000170 L6117 5.403 .000 -.0284 Am+++ - Cl-

093001 ©ool70 L6117 5,403 000 -.0284 Amr++F - Cl-

000000 e
cation anion betal betal beta2 cphi 4
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Appendix H - Listing of TERNARYP.DAT

| See Table 7-6 for explanation of this listing.
011000 019000 =-.012 000170 -.0018
011000 001000  .036 000170  -.0D4 000161 -.D129 017080 -.0160
019000 001000  .005 00017¢  ~-.011 000160  .197 000161 =-.0265
000170 000161 =-.006 011000 -.006 001000  .0130
000170 000080  -.05 011000 -.006 019000 -.006
000170 000830 ~.090 011000 .01029
000170 000891 -.090 011000 .01029
000080 017080 -.0320
017080 000890 0.064 011000 -.0072°
090000 001000  .600

030000 011000 -420
0Q0000
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Appendix I - Listing of LAMBDA.DAT
[ See Table 7-7 for_explanation of this listing. ]
000050 001000  .000 000170 —-.0102
000050 019000 -.14
000000

w N =
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Appendix J - Sample Output File: EXTR_07_EXACT.OUT

See Table 9-1 for explanation of this listing,

Y

[h]

th o

FRESCERENEGRDSBAEBYEERYUELYEEBYIRIRAN

b}

RERILZTEALR

NONLIN V2.0
NONLIN was developed by A.R. Felmy
INPUT file name is Ul:[ SCBABE.NONLIN.USERGUIDE] EXTR_07 EXACT.IN;1
GMIN file name is Ul:[ SCBABB.NONLIN.USERGUIDE] EXTR_00.GMIN;1
QUTPUT file name is Ul:[ SCBABB.NONLIN.USERGUIDE] EXTR_Q7_EXACT.QUT;1
AQUEQUS SPECIES
ID NAME MOLES z ulrt
1080820 0. 000000000000 0. -95.663
11000Na+ 0.000000000000 1. ~105.8651
90000Th++++ 0.00000000C000 4. =28B4.,227
1000H+ 0.0000000C00CO 1. 0.000
80OH- 0.00000000C00C -1. -63.435
17080Cl04- g.00000000GC00C -1. -73.810
S0LID PHASES
ibp NAME MOLES Z ulre
159003Na+/Th++++EX 0.00000000C00C 0. 999,999
CONSTRAINT EQUATIONS
0 1 8 11 90 17
H2Q 0.0 2.0 1.0 0.0 g.0 0.0
Na+ 1.0 0.0 0.0 1.0 0.0 0.0
Th++++ 4.0 0.0 g.0 0.0 1.0 0.0
H+ 1.0 1.0 .0 .0 0.0 0.0
OH- =1.0 1.0 1.0 0.0 0.0 0.0
clo4- -1.0 0.0 4.0 0.0 0.0 1.0
Na+/Th++++EX 0.0 0.0 .0 4.0 -1.0 .0
Closed input files GMIN and COMP
COMP file name is Ul:[ SCBABB.NONLIN.INPUTFILES] COMP.DAT;3

BINARYP file name is Ul:[ SCBABB.NONLIN.INPUTFILES]} BINARYP.DAT;2

TERNARYP file name 1is

LAMBDA

Ul:[ SCBABB.NONLIN.INPUTFILES] TERNARYP.DAT;1

file name is Ul:[ SCBABB.NONLIN.INPUTFILES] LAMBDA.DAT;1

non-ideal electrolyte parameters

single electrolyte parameters

Na+ QH- 0.08640
Na+ clo4- 0.05540
Th++4+ QH- c.gooeo
Th++++ Clo4- 1.18600
H+ OH=- 0.00000
B+ Clo4- 0.17470
ternary electrolyte parameters
Na+ Th++++ 0.42000
Na+ H+ 0.03600
Th+++ H+ 0.60000
OH~ Clo4- -0.03200
TOTAL NUMBER OF SPECIES = 7
NUMBER OF COMPONENTS = 6
INDEPENDENT CONSTRAINTS = 5

SOLVENT EXTRACTION DATA

0.25300
0.27550
0.0Cc0a0
27.30000
0.00000C
0.29310

OR-
0.60000
0.00C00
¢.00000

Na+
0.00000

0.00000
0.0C000C
0.0000C0
0.00000C
0.00000
0.00000

Cl0a-

¢.00000
-0.01600

0.o000¢C

Th++++
0.00000

0.00440
-0.00118
0.0000Q
-0.05660
¢.Qoc00
0.0081%

H+
0.00000
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-1

-1.2065E+02
L2 NORM OF THE RESIDUALS

-1.2065E+02
L2 NORM OF THE RESIDUALS

input molalities

Na+ Th++++

3.070E-01 2.120E-05
3.070E-01 2.120E-05
1.035E+00 5.940E-05
1.035E+00 5.810E-05
2.129E+00 1.690E-04
2.129E+0C 1.690E-04
3.322E+00 3.150E-04
3.322E+00 3_390CE-04
4.657E+00 9.450E-04
4.657E+00 9.450E-04
6.176E+00 1.260E-03
6.176E+00 1.45CE-03
9.929E+00 1.930E-03
9.929E+00 2.190E-03
1.492E+01 2.330E-033
1.492E+01 2.290E-03
.2065E+02 1_1860E+00

LZ NORM OF THE RESIDUALS

7.6650E-01

7.6650E-01

-1

H+ OH-
1.000E-07 1.C0C0E-07
1.000E-07 1.C00E-07
1.000E-07 1.000E~07
1.000E-C7 1.000E-07
1.000E-07 1.000E-C7
1.000E-07 1.000E-07
1.000E-07 1.000E-07
1.000E-07 1.000E-07
1.0C0E-D7 1.00CE-07
1.000E-07 1.000E-07
1.000E-07 1.000E~-0Q7
1.000E-07 1.00CE-07
1.00CE-07 1.000E-07
1.000E-07 1.000E~Q7
1.000E-07 1.000E-07
1.000E-C7 1.000E-07
.4100E-02

-1.4134E-02

-1

.4134E-02

ADJUSTED PARAMETERS

ulrt{ Na+/Th++++EX)
b0 { Tht++4 clo4d- )
cmx { Th++++ clo4- )
DATA SET( 1)
input calc diff
1.000000000000000E-C05 0.10148169449C094
1.000000000000000E-005 0.1014816944950054
1.000000000000000E-005 -0.220537193518512
1.0000000000C0000E-005 -0.242559039934136
1.00000CC00000C00E-DCS 6.3012%8267648374E~-002
1.000000000000C00E-COS 6.301298267648374E-002
1.00000CCCC0000C0E-005 —-0.10B251784934691
1.000000CCCOD000CE-005 -3.611739799594871E-C02
1.400000000000000E-005 0.242939165971691
1.000000000000000E-005 0.242939165971681
1.000000000000000E~-C05 -5.398818272699338E-002
1.00000C000000000E-0C05 8.0043216039390713E-002
1.0000Q0CCCO0000CCE-005 -0.229546862144291
1.000000000000000E~005 -0.108708180248774
1.000000000000000E-005 6.078330868018109E-002
1.000000000000C00QE~-C05 4.4014426825566%1E-002
AVERAGE DEVIATION = 1.2496E-01
STANDARD DEVIATION = 1.4717E-01
FINAL MOLALITIES
Na+ Th++++ H+ OH-
3.070E-01 2.120E-05 1.367E-07 1.367E-Q7 3.
3.070E-01 2.120E-05 1.367E-07 1.367E-07 3.
1.035E+00 5.940E-05 1.346E-07 1.346E-07 1.

clo4-

3.070E-01
3.C70E-01
1.035E+00
1.035E+00C
2.129E+00
2.129E+00
3.322E+00
3.322E+00
4.637E+00
4.657E+00
6.176E+00
6.176E+00
9.929E+00
$.929E+00
1.4928+01
1.492E+01

2.3701936E+01

5.8867175E~-01

5.8867175E-01

-1.2065375E+02
7.6649537E-01
-1.4134295E~02

clo4-

Q70E~QL
070E-01
035E+00
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1.035E+Q0 5.810E-05 1.346E=-07 1.346E-07 1.035E+00
2.129E+00 1.690E-04 1.157E-07 1.157E-07 2.129E+00
2.129E+00 1.690E-04 1.157e~07 1.157E-07 2.129E+00
3.322E+C0  3.150E-04 9.326E-08 9.326E-08 3.322E+00
3.322E+00 3.390E-C4 S.327E-08 9.327E-08 3.322E+00
4.657E4+00 9.450E-04 7.1S0E-CB  7.150E-Q0B 4.657E+00
4.657E+00 9.450E-04 7.150E-08 7.150E-0B 4.657E+0C
§€.176E+00 1.260E-03 5.191E-08 5.19%91E-C8 &.176E+00
€6.176E+0C 1.430E-03 5.194E-08B 5.194E~08 6.176E+00
§.929E+00 1.93C0E-03 2.303E-08 2_303E-08 9.929E+00
9_929E+00 2.18%0E-03 2.303E-08 2.303E-08 9.929E+00
1.492E+01 2.330E-03 8.007E-Q9 B.007E-C9 1.492E+01
1.492E+01 2.290E-03 8.007E-09 8.CG07E-09 1.4852E+01
FINAL LOG ACTIVITIES
Na+ Th++++ B+ OR~ Clo4d-
-6.693E-01 -5.330E+00 -6.977E+00 =7.024E+00 -6.68%E-01
-6.693E-01 -5.330E+00 -6.977E+00 =-7,024E+00 -6.689%E-01
-1.884E-01 -3.547E+00 -6.933E+00 =-7.078E+00 ~1.879E-01
~1,884E-01 -3.556E+Q0 ~6.933E+00 -7.07BE+00 -1.879%E-01
1.102E-01 -2.229e+00 -6.875E+C0 =-7.153E+00 1.112E-01
1.102E~-01 -2.22%E+00 -6.875E+00 -=7.153E+00 1.112E-01
3.088E-01 -1.509E+00 -6.820E+00 -7.227E+00 3.102E-01
3.087E-01 -~1.478E+00 -6.820E+00 =-7.227E+00 3.103E-01
4.719E-01 ~7.03BE-01 -6.769E+00 -7.302E+00 4.754E-01
4,719E-01 -7.038E-01 -6.769E+4C0 -7.302E+00 q4,754E-01
£.210E-01 -2.36€E-01 -6.724E+00 ~7.376E+0C¢ 6.247E-0Q1
6.207E-01 -1.793E-01 -6.724E+00 -7.376E+00 6.251E-01
9.022E~01 8.11BE-0. =-6.669E+00 -7.511E+00 9.062E-01
§_019E-01 8.,633E-01 -6.669E+0C -7.511E+00 S.065E-01
1.172E+00 2.017E+00 -6.71%E+00 -7.3B1E+DD 1.176E+00
1.172E+00 2.010E+00 -6.71%E+C0 -7.3B1E+00 1.175E+00
Calculated Log Activity Coefficients
Na+ Th++++ H+ OH- Clo4-
-0.1564 -0.6565 -0.1129% -0.1583 ~0.1561
-0.15%4 -0.6565 -0.112%9 -0.1593 -0.1561
-0.2034 0.6797 -0.0622 ~0.2074 -0.2028
-0.2034 0.6797 ~-0.0622 -0.2074 -0.2028
-0.2180 1.5430 0.0622 -0.2164 -0.2170Q
-0.2180 1.5430 0.0622 -0.2164 -0.2170
-0.2126 1.9927 0.2105 -0.187¢C ~0.2112
-0.2127 1.9919 0.2105 -0.1871 -0.2111
-0.1962 2.3207 0.3769 -0.1560 =0.1927
-0.1962 2.3207 0.3769 -0.1560 -0.1827
-0.1697 2.6630 0.5611 ~0.0912 -0.1660
-0.1700 2.68592 0.5608 -0.0914 -0.1657
-0.0%48 3.5263 (Q.9687 0.1267 -0.0907
-0.0850 3.522¢% 0.9686 0.1266 ~0.0904
-0.0017 4.6499 1.3780 0.5156 0.001%
-0.0016 4.6503 1.3781 0.5156 0.0018
SOLVENT EXTRACTION SYSTEM EQUILIBRATED
ulrt { Na+/Th++++EX) =1.2065375E+02
bo( Th++++ clod- ) 7.6649537E-01
cmx { Th++++ clo4- }  -1.4134295E-02
DATA SET( 1)
input calc diff
1.000000000000C00E-C05 (.000000000C00Q00E+COQ
1.000000000000000E~CQS C.0000000000000C0E+000
1.00000000000000CE~-0LS  0.000000000000C00E+00D
1.00000000000000CE-0CS5 0.0000000000GC00DE+00D
1.00000000000000CE-0C5 0.00000000000C00CE+000Q
1.000000000000QC0E~0C5 0.00C000000C00000E+Q0Q0
1.000000000000000E-005 0.C00000C00000000E+0CO
1.000000000000000E~-005 0.0000000C000C000E+CO0
1.000000000000000E-005 0.000000000000C00E+0QQ0
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1.000000000000000E-005 5.000000000000000E+000
1.000000Q0000000QE-005 0.000000000000000E+CO0C
1.000000000000CC0E-005 0.0000000000000C0E+000
1.000000000000000E-005 £.000000000000000E+000
1.C000000000C00000E-005 0.00Q00000C0Q00C00E+QCD
1,.0000000000000C0E-005 {¢.000000000C00000E+00C
1.000000000000000E-005 0.000000000000000E+000
AVERAGE DEVIATION = 0,000CE+0Q0O
STANDARD DEVIATION = 0.C000E+QD
FINAL MOLALITIES
Na+ Tht++++ M+ OH- Clod~
3.070E-01 1.916E-0% 1.367E-07 1.367E-07 3.070E-01
3.070E-01 1.%16E-05 1.367E-07 1.367E-07 3.070E-Q1
1,035E+00 7.409E-~05 1.346E-07 1.346E~07 1.035g+0C
1.035E+00 7.409E-05 1.346E-07 1.346E-07 1.035E+00
2.129E+00 1.586E-04 1.157E-Q7 1.157E-07 2.123E+00
2.129E+00 1.586E-04 1.157E~-07 1.157E-07 2.129E+DC
3.322E+00 3.514E-04 9.328E-08 9.32BE-08 3.322E+0C
3.322E+00 3.516E-04 9.328E-0B 9.32BE-08 3.322E+00
4.658E+00 7.374E-04 7.145E-08 7.145E-08 4.657E+00
4.658E+00 7.374E-~04 7.145E-08 7.145E-08 4.657E+00
6.176E+00 1.332E-03 5.192E-08 5.1%2E-08 6.176E+00
6.176E+00 1.336E~03 5.192E-08 5.19%2E-C8 6.176E+00
$,927E+00 2.443E-03 2.305E-08 2.305E-08 $9.923E+00
9.928E+00 2.44%E-03 2.304E-08 2.304E-08 9.829E+00
1.492E+01 2.190E-03 8.006E-09 B.006E-0% 1.492E+01
1.492E+01 2,190E-03 8.006E-09 B.006E-09 1.492E+01
FINAL LOG ACTIVITIES
Na+ Th++++ H+ OH-~ cle4-
-6.693E~-01 -5.374E+00 -6.977E+00 =-7.0Z24E+00 -6.650E-D1
—-6,693E-01 -5.374E+00 -6.977E+00 ~7.024E+00 ~-6.690E-01
-1.885E-01 -3.4S51E+00 -6.933E+00 -7.07BE+00 -1.878E-01
-1.885E-01 -3.451g+00 -6.%33E+00 -7.078E+00 -1.878E~-01
1.102E-01 -2.256E+00 -6.875E+00 ~-7.153E+00 1.112E-01
1.102E~01 -2.2S6E+00 -6.B75E+00 -7.183E+Q0 1.112E-01
3.087E-01 -1.462E+00 -6.820E+00 ~7.227E+0C 3.103E-01
3.687E-01 -1.462E+0C -6.820E+00 -7.227E+00 3.103E-01
4.724E-01 -8.077E-01 -6.769E+00 =-7.302E+00 4.750E-01
4.724E~01 =-8.077E-01 -6.763E+00 -7.302E+00 4,750E-01
6.209E~01 -2.136E-01 -6.724E+00 -7.376E+00 6.,249E-01
6.209E-01 -2.135E-01 -6.724E+00 -7.376E+00 6.249E-01
%.016E-01 9.094E-0Q1 -6.669E+00 -7.511E+00 8.067E-01
9.016E-01 $.0%5E-01 -6.669E+00 -7.511E+00 9.067E-01
1.172E400  1.991E+00 -6.718E+00 -7.581E+00 1.175E+0Q0
I.172E400 1.991E+00 -6.719E+00 -7.581E+00 1.175E+00
Calculated Log Activity Coefficients
Na+ Th++++ H+ OH- Clo4-
-0.1564 -0.6565 -0.112% -0.1593 ~0.1561
-0.1564 -0.6565 -0.1129 -0.1583 -0.1561
-0.2034 0.6791 -0.0623 -0.2075 ~0.2027
-0.2034 0.6792 -0.0623 =0,2075 -0.2027
-0.2180 1.5433 0.0622 -0.2163 -0.2170
~0.2180 1.5433 0.0622 -0.21632 -0.2170
-0.2127 1.9918 0.2104 -0.1971 ~-0.2111
-0.2127 1.991¢ 0.2104 -0.1871 -0.2111
-0.1958 2.3246 0.3772 -0.1557 -0.1931
-{.,1958 2.3246 0.3772 ~-0.1557 -0.1931
~0.1698 2.6620 0.5612 -0.0913 -0.165%
-0.1698 2.6609 0.5610 -0.0913 ~0.1658
-0.0952 3.5215 0.9684 0.1263 -0.0902
-0.0952 3.52053 0.9684 0.1264 -0.0902
-0.001¢ 4.6508 1.3781 0.5157 0.0017
~-0.0016 4.6509 1.3781 0.5157 0.0017
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@85 FINAL LZ NORM OF THE RESIDUALS 5.8867173E-01

281

o)

283 EXIT PARAMETER 3

e ™

280

28 FINAL APPROXIMATE SCLUTION

287

288

28 0 C 7 -1.2065375E+C2

2% 122 7.6649537E~01

2 4 2 2 -1.4134255E-02

riwh

f._,-u. -
7
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Appendix K - Sample Qutput File: SOLUB_01.0UT

See Table 9-1 for explanafion of this listing.

L oRy

NONLIN V2.0

NONLIN was developed by A.R. Felnmy

I
& INPUT file name is Ul:[SCBABB.NONLIN.USERGUIDE}SOLUBwﬂl.IN;l
g GMIN file name is Ul:[ SCBABB.NCNLIN.USERGUIDE] 50LUB_(O0.GMIN;1
K OUTPUT file name is Ul:{ SCBABB.NCNLIN.USERGUIDE] SOLUB_01.007T;1
El AQUEQUS SPECIES
12
1" ID NAME MOLES Z ulrt
” 1080820 0.000000C0DORD 0. -95.663
” 10008+ 0.000000000000 1. 0.0co
14 800H- 0.000000000000 ~=1. -63.435
15 161HS04- 0.00000000000C -1. -304.942
18 1991H20x (aq) 0.0000000400000 p. ~284,990
17 SOLID PHASES
L
19 Ip NAME MOLES Z ulrt
25 101990H20x.2HZ0 (s) 0.000000C00000 999,999
21
22 CONSTRAINT EQUATIONS
23 0 1 ] 1 99
24 H20 0.0 2.0 1.0 0.0 0.¢
H+ 1.d 1.0 .o 0.4Q 0.0
OH- -1.0 1.0 1.0 0.0 0.0
HS04- ~1.0 1.0 4.0 1.0 0.0
H20x (aq) 0.0 2.0 0.0 c.0 1.0
H20x.2H20 (s) 0.0 6.0 2.0 0.0 1.0
Clesed input files GMIN and COMP
COMP file name is Ul:[ SCBABB.NONLIN.INPUTFILES] COMP.DAT;3
BINARYP file name is Ul:[ SCBABB.NONLIN.INPUTFILES] BINARYP.DAT:?2 PR ) By
TERNARYP file name is Ul:[ SCBABB.NONLIN.INPUTFILES] TERNARYP.DAT:1 E . AR

LAMBDA file name is Ul:[ SCBABB.NONLIN.INPUTFILES] LAMBDA,DAT;1

non-ideal electrolyte parameters

single electrclyte parameters
H+ OH- 0.0000C0 0.00000 0.00000 0.00000
H+ RSO4- 0.20650 0.55560 0.00000 {0.g0000

ternary electrolyte parameters

H+
OH- HSO4- 0.00000 0.000C0O
neutral ion parameters
H20x (aq) P
H+ 0.0000 & .
OR~ 0.0000 - -
H504~ 0.0000 i o
H20x (aq} 0.0000 A
higher order lambdas K%M;;
OH~- HSO4- e
H20x (aq) H+ 0.00000 0.00000
TOTAL NUMBER OF SPECIES = 6
NUMBER OF COMPONENTS = 5
INDEPENDENT CONSTRAINTS = 4

PRV EEGEERNSE L BENEFRSELHERAIBP R HBIBYIRYIRR

SOLUGBILITY DATA
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input melalities

H+ OH-

1.168E+0Q0 8.560E-15
1.%65E+00 5.090E-15
2.927E+00 2.420E-15
4.450E+C0 2,250E-1%
6.660E+00 1.500E-15
9.548E+00 1.050E-15
1.394E+01 7.170E-16

-1.0000E+QC1

~4.77BBE+02
L2 NORM OF THE RESIDUALS 2.72556793E+00
-4_.778BE+02
L2 NORM OF THE RESIDUALS 2.7255679E+00
ADJUSTED PARAMETERS
ulrt ( H20x.2H20 (s} }
DATA SET( 1)
input calec diff
0.0C0000C000000CO0E+COD -1.30103480373751
0.00000000000C000E+000 ~=0.832205339571694
0.000000000000000E+000 -0.611447612354127
0.00C00000000000CE+0Q00 -0.249816679321500
0.000000000000000E+000  0.325209375816246
0.00000000000000CE~+DOO 0.889641981011270
0.00000000000C00QE+000 1.87975307818427
AVERAGE DEVIATION = B.8417E-01
STANDARD DEVIATION = 1.0302E+00
TINAL MOLALITIES
H+ OH- HSO4~ H20x {aq)
1.16BE+CD 1.845E-14 1.168E+00 8.750E-01
1.965E+00 9.859E-15 1.965E400 €.530E-01
2.927E+00 5.247E-15 2.927E+00 5.340E-01
4.450E+00 7.0C0E-15 4.450E+00 4,760E-01
6.660E+00 7.000E-15 6.660E+00 4.320E-01
&_548E+00 7,000E-15 9.548E+00 5.740E-0Q1
1.394E+01 7.000E-15 1.3%4E+01 1.268E+00
FIMAL LOG ACTIVITIES
B+ CH- HSO4- H20x {aq)
7.007E-02 -1,409E+01 7.007E~Q2 -5.799E-02
3.9858-01 -1.444E+01 3.985E-01 -1.851E-01
7.086E-C01 -1.477E+01 7.056E-01 -2.725E-01
1.1314E+00 -1.471E+01 1.114E+00 -3.224E-01
1.636E+00 -1.477E+01 1.636E+00 -3.645E-01
2.265E+00 -1.482E+01 2.265E+00 -2.411E-01
3.16BE+00 -1.487E+01 3.168E+00 1.031E-D1

L2 NORM OF THE RESIDUALS

Calculated Leg Activity

H+

CH-

HS04- H20x (ag)

1.168E+00  8.750E-01
1.965E+00  6.530E-01
2.927E+00  5.340E-01
4.450E+00  4.760E-01
6.660E+00  4.320E-01
9.548E+00  5.740E-01
1.394E+01  1.268E+00

Coefficients

H504-

H20x{aq)

1.2378927£+03

-4.7787833E+02
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0.0026 ~-0.3603 G.0026 0.0000
0.1051 -0.4330 0.10351 0.0000
0.2382 -0.4922 0.2392 0.0000
0.4657 -0.5552 0.4657 0.0000
0.8128 -0.6145 0.8128 0.0000
1.2849 -0.6654 1.2849 0.0000
2.0238 -0.7168 2.0238 G.000GC
SOLID PHASE NOW IN EQUILIBRIUM
DATA SET{ 1)
input calc diff
0.00000000000000CE+QQ00 0.0COCO000000000CE+00D
04.000000000000C00E+000O 0.0C00000000000CCE+000
0.00CCCCO00000C0QE+QQ0 0.0000000000000C0E+0C0
0.000000000000000E+000 0.0000000000000C0E+QQ0
0.000000000CCC0Q0E+000 0.00C000000000CG00E+DCO
0.000J00CC00000D0E+QQD 0.0000006000CCC00E+CO0
0.0000000000000Q00E+000 0.000000000000000E+CO0
AVERAGE DEVIATION = 0,.0000E+0Q
STANDARD DEVIATION = 0.0000E+0C0
FINAL MOLALITIES
H+ OH- HS04- H20x {aq)
1.168BE+0C0D 1.777E-14 1.168E400 2.2Z80E-01
1.%965E+00 9.5B9E-15 1.965E+00 2.506E-01
2.927E+00 7.000E-15 2_.927E+0Q00 2.857E-01
4.450E+00 7.000E-15 4.450E+00 3.681E-Q1
6.660E+00 7.000E-15 6.660E+00 5.%92E-01
9.548E+00 7.000E-15 9.548E+00 1.353E+00
1.394E+01 7.00CE-15 1.394E+01 5.061E+00
FINAL LOG ACTIVITIES
H+ OH- H504- H20x {aq)
8.371E-02 -1.410E+C1 8.371E-02 -6.319E-01
4.087E-01 -1.445E+01 4.087E-0l1 -5.%47E-01
7.1338-01 -1.464E+01 7.133E-01 -5.402E-01
1.118E+00 -1.471E+01 1.118E+00 -4.312E-01
1.627E+00 -1.477E+01 1.627E+00 -2.250E-01
2.210E+00 -1.483E+01 2.210E+00 1.194E-01
2.82BE+00 -1.491E+D1 2.B2BE+00 €.486E-01
Calculated Log Activity Coefficients
H+ OH- HS04~ H2Cx (ag)
0.0163 -0.3532 0.0163 0.0102
0.1153 -0.4288 0.1153 0.0063
0.2469 -0.4897 0.2469 0.003%9
0.4700 -0.5541 0.4700 0.0017
0.8038 -0.6163 0.8038 -0.0026
1.2296 -0.6736 1.229¢6 -0.0120
1.6841 ~0.7552 1.6841 -0.055%6

FINAL L2 NORM OF THE RESIDUALS

EXIT PARAMETER

FINAL APPROXIMATE SOLUTION

0 0 6 -4.7787833E+02

2.7255679E+00
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Appendix L - Review Forms

This Appendix contains the review forms for the NONLIN User’s Manual.




NOTE: Copies of the User's Manual Reviewer’s Forms are available in the Sandia WIPP
Central Files.




