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* 0

1.0 SCOPE OF THE VALIDATION

This document establishes the Software Validation Test Plan for validating installation and
functionality of the EQ3/6 package, which enables geochemical modeling of aqueous systems
(Wolery, 1992a). The major components of the package are

* EQ3NR, for speciation-solubility calculations (Wolery, 1992b)

* EQ6, for reaction path modeling of water/rock interaction or fluid mixing (Wolery and
Daveler, 1992)

* EQPT, for data file preprocessing (Daveler and Wolery, 1992)

* EQLIB, a supporting software library

* supporting thermodynamic data files

EQ3/6 is an acquired code, originating at Northwestern University and further developed by
Lawrence Livermore National Laboratory with support from U.S. Department of Energy (DOE)
nuclear waste programs (including the Yucca Mountain Site Characterization Project). The
software is applied by staff at the Center for Nuclear Waste Regulatory Analyses (CNWRA) as
part of its technical assistance to the U.S. Nuclear Regulatory Commission (NRC) in its
high-level waste program.

This Software Validation Test Plan applies to EQ3/6, Version 7.2b, and is intended to validate
(per TOP-018) the software for the use in modeling geochemical systems as identified in the
test cases described in Section 6. DOE contractors have modified the EQ6 component to
include a solid-centered flow-through mode for reaction path modeling (CRWMS M&O, 1998a).
Installation of this particular revision of Version 7.2b (not distinguished by version number) is
indicated by the presence of the "eq6new.exe" file in place of "eq6.exe." Because CNWRA
staff have not yet used this newer revision, this test plan applies only to EQ3/6 Version 7.2b as
distributed in 1995. A separate validation test plan or addendum will be prepared if the version
of EQ6 with solid-centered flow-through capability ("eq6new.exe") is expected to be used.

This test plan also does not apply to EQ6, Version 7.2bLV (CRWMS M&O, 1999), which has
not yet been used by CNWRA staff. The additional functionality of this version (e.g., radioactive
decay and aqueous displacer with variable composition) is sufficiently distinct from Version 7.2b
that, should staff decide to use Version 7.2bLV, a separate validation test plan or addendum will
be prepared. If written, this new plan would also incorporate testing for the solid-centered
flow-through EQ6 functionality discussed in the previous paragraph.

This test plan is based on that developed by the Civilian Radioactive Waste Management
System Management and Operating Contractor for use in the Yucca Mountain program
(CRWMS M&O, 1998b). Additional verification that the code correctly executes numerical
computations may be found in Kishi (1996).
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3.0 ENVIRONMENT

EQ3/6, written in FORTRAN 77, was originally developed for use in UNIX operating systems.
Pentium-based personal computers are now sufficiently powerful that the code may be run
routinely on such hardware. This test plan applies only to personal computer installations.

3.1 Software

The most recent DOE EQ3/6 Version 7.2b installation and testing report (CRWMS M&O,
1998b) is written for the DOS or Windows 95 operating systems. CNWRA staff have installed
and used EQ3/6 Version 7.2b under the Windows NT 4.0 operating system. This validation test
plan will therefore be limited to installation under Windows NT 4.0. Modifications may be
necessary if the code is to be used under other Windows systems, although it is anticipated that
validation tests will be essentially identical.
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* 0

The CNWRA holds two versions of the distribution package for EQ3/6 Version 7.2b.
Version currently in use were installed from floppy diskettes provided by Lawrence Livermore
National Laboratory in 1995. Instructions are provided with that distribution in files titled
"install.txt" and "run.txt" (dated August 18, 1995). The installation instructions in CRWMS M&O
(1998b), a document that accompanies the 2000 CD-ROM distribution of EQ3/6, differ from
those contained in the "install.txt" file, and therefore should not be consulted for Windows
NT 4.0 installations. The applicable Version 7.2b revision numbers for which this test plan
applies are R139-P5 for EQ3NR and R136-P5 for EQ6. Revision numbers are shown at the top
of the EQ3NR and EQ6 output files (*.3o and *.6o, respectively). The following three lines are
from an EQ3NR output file and show that the EQ3NR revision number is R139-P5

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)
EQ3NR Speciation-Solubility Code (EQ3/6-V7-EQ3NR-EXE-R139-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

Likewise, these lines from an EQ6 output file show that the EQ6 code is revision R1 36-P5

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)
EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R136-P5)

Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

The procedures for personal computer systems in "install.txt" and "run.txt" place EQ3/6 files in
the necessary locations on the hard drive. Instructions for needed changes to the
AUTOEXEC.BAT file are included. (Under Windows NT 4.0, the AUTOEXEC.BAT file is edited
in the "User Variables" box on the "Environment" tab of the System Properties control panel.) It
is important to note, however, that the executable files installed in this way (e.g., eq3nr.exe and
eq6.exe) will not run under Windows NT 4.0, necessitating an additional recompiling step that is
not explicitly documented in "install.txt." Recompiling is accomplished following the instructions
in the section of "install.txt" titled "Creating and Modifying Executable Files on a PC System,"
using a Lahey FORTRAN compiler of version 4.00a or above. The one alteration to those
instructions (aside from compiler version to use) is that "-winconsole" must be added at the end
of the commands in the linking step for each executable, e.g.,

lf9O eqpt.obj eqlib.obj -nobanner -bind

becomes

lf9O eqpt.obj eqlib.obj -nobanner -bind -winconsole

The new executables (e.g., runeq3.exe) should now function when launched from the
"Command Prompt" application under Windows NT 4.0.

EQ3NR and EQ6 input files needed for testing (*.3i and *.6i, respectively) are installed on the
hard drive in the "eq3_6v7.2b\import" directory, and need not be obtained separately. The
same directory contains the output files for comparison (*.3o and *.6O).

Comparison of test output files to supplied output files requires an ASCII text editor such as
Notepad 4.0 and the "fc.exe" file comparison utility, both of which are supplied with Windows
NT 4.0.
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3.2 Hardware

This test plan applies to installations on PCs equipped with a Pentium-class or compatible
processor. The package is designed also for 386 PCs with math co-processors and 486DX
PCs, but EQ6 performance under non-Pentium systems is likely to be poor (CRWMS M&O,
1998b). According to "install.txt," the PC should have a minimum of 16 MB of RAM and at least
a 340 MB hard disk. No printers or other peripherals are required.

4.0 PREREQUISITES

As discussed in section 3.1, standard installation of EQ3/6 places the necessary executables,
input files, and output files on the hard drive. In addition, the test procedure requires a test
directory be created and EQ3NR and EQ6 test input files be copied to it. In the Windows NT
4.0 "Command Prompt," the following steps will accomplish this:

cd \eq3_6v7.2b
md test
cd test
copy ..\import\*.3i
copy ..\import\*.6i

The output files generated from these input files during the test will therefore be located in the
new "test" directory so that they may be compared to the supplied output files in "import."

5.0 ASSUMPTIONS AND CONSTRAINTS

As with all geochemical equilibrium speciation and reaction path codes, the quality of the results
are dependent on the type and quality of the data used. Essential to the EQ3NR and EQ6
calculations are database files of thermodynamic values for chemical species. This release of
EQ3/6 is supplied with seven different thermodynamic data files, named data1.*; the user
specifies the database for a given simulation. Five of these databases-with com, sup, nea,
hmw, and pit corresponding to the * file extension-are discussed in Wolery (1992a) and
Daveler and Wolery (1992), and the additional two-chv and alt-are described in the
"dbnews.txt" file that accompanies the version 7.2b installation package. The user must select
the appropriate database for the given problem and must be aware of how uncertainties and
choices of specific values can affect results. The contents of the distributed databases has
evolved, and the release number of the database used in a given simulation is noted on the
output file. In addition, the user may edit existing database files to create new ones by editing
the dataO.* file and running EQPT to create a corresponding datal.* file for use by EQ3NR and
EQ6. Instructions for these procedures are beyond the scope of this test plan, which employs
the databases as installed.

The EQ3/6 package is not bug-free, and information on known bugs is supplied in the
"knbugs.txt" file. In addition, CNWRA staff have documented other problems in scientific
notebook 037-2. These should be consulted by the user, because the limitations they may
place on use of the code will not be revealed by this test plan. In any case, calculations using
complex codes should not be interpreted in a vacuum.
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6.0 TEST CASES

The test cases discussed below were taken from the sample problem suite provided with the
package and discussed in Wolery (1992b) for EQ3NR and Wolery and Daveler (1992) for EQ6.
The tests were selected because output files to which test output can be compared are
provided with the code and because the tests provide comparisons with other codes and with
experimental data. Geochemical conditions simulated in the tests span a broad range in
composition-from dilute river waters to concentrated brines-and temperature-from 9.5 to
1500C. This range of conditions includes those likely to be encountered in CNWRA modeling
efforts. The procedure for carrying out the tests is adapted from CRWMS M&O (1998b), which
includes as Attachments I and 11 checklists for installation and testing. These may be adapted
by the individual CNWRA user as desired. Because the tests are run simultaneously, the
procedure will be described first, followed by descriptions of the individual cases.

6.1 General Procedure

6.1.1 Test Description

The EQ3/6 test uses a set of eight EQ3NR input files and eight EQ6 input files to generate
corresponding output files by running EQ3NR and EQ6. The generated output files are
compared to the corresponding supplied output files using the "fc" text file comparison
command in the "Command Prompt." The supplied output files provide comparison to show
that the installed codes have functioned correctly, but they also provide information on the
validity of EQ3/6 for such calculations. Discussion of how these tests provide validation are in
the documents cited in the discussions of each individual test in Section 6.2.

6.1.2 Test Input

The EQ3NR input files (which should now be located in both the "import" and "test" directories)
are:

canshbr.3i
deadsea.3i
fo2mineq.3i
jl3wa.3i
rwtst.3i
swmajp.3i
swphcl.3i
swtst.3i

with corresponding output files (*.3o) in the "import" directory. The EQ6 input files (also in both
"import" and "test" directories) are:

calhal.6i
dedolo.6i
fwbrmix.6i
heatqf.6i
methane.6i
micro.6i
microft.6i
pptqtza.6i
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with corresponding output files (*.6o) in the "import" directory. (Other *.3i and *.6i files were
also copied to the "test" directory [section 4.0] and will be run automatically during the test, but
corresponding output files are not available for comparison. Some of these other input files
produce output files that are needed for EQ6 test cases.)

6.1.3 Test Procedure

The test cases are run simultaneously as follows. In the Windows NT 4.0 "Command Prompt"
window, go to the "test" directory created as shown in section 4.0 and enter:

runeq3 com *.3i

EQ3NR will be executed for each of the *.3i input files that can run with the "coin"
thermodynamic database (i.e., those not requiring a Pitzer database). An error message will be
printed on the screen and in the output files for those input files that will not run with "coin."
After the run is completed, enter:

runeq3 hmw *.3i

which executes EQ3NR for those input files requiring a Pitzer database. EQ3NR will not
process those input files that are incompatible with the "hwm" database. After the runs are
executed, perform EQ6 calculations by entering:

runeq6 com *.6i

followed by

runeq6 hmw *.6i

Again, an error message will have been printed on the screen when database files are
incompatible.

The runs will have created the following output files (among others) in the "test" directory:

canshbr.3o
deadsea.30
fo2mineq.3o
jl3wa.3o
rwtst.3o
swmajp.3o
swphcl.3o
swtst.3o
calhal.6o
dedolo.6o
fwbrmix.6o
heatqf.6o
methane.6o
micro.6o
microft.6o
pptqtza.6o
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Compare each of these output files to the corresponding supplied file in the "import" directory

by means of the "fc" command in the "Command Prompt" window. Thus, for the "canshbr" test,
enter from the "test" directory:

fc \eq3_6v7.2b\import\canshbr.3o canshbr.3o > canshbr.txt

This command examines the two versions of the file and writes in the "test" directory a report on

the differences to a text file called "canshbr.txt." Repeat the command for the remaining 15

output files. Note that case "fwbrmix.6i" will require further modification and running before a

satisfactory result is produced (see comments in the input file and section 6.2.11).

6.1.4 Test Results

The results of the tests are found in the 16 *.txt files written by the "fc" commands. If no

differences are reported for calculated values, the test is successful. If differences are reported

for quantities such as molar mineral amounts, molalities of aqueous species, fugacities, or Log

Q/K, these differences should be in the fourth significant figure or better for the test to be

considered successful. Test results should be recorded in scientific notebook 037-2 and will be

documented in a validation test report..

6.2 Individual Test Case Descriptions

Brief descriptions of the test cases are presented here, based on discussions placed as

comments in the supplied EQ3/6 input files. Nine of the 16 cases were discussed in, or were

based on cases discussed in Wolery (1992b) or Wolery and Daveler (1992). The test cases

cover a range of temperature and ionic strength conditions.

6.2.1 "canshbr" or "Canadian Shield Brine" EQ3NR Test Case

The "canshbr" test water chemistry is for the brine of Frape, et al. (1984). This test is adapted

from the PHRQPITZ manual of Plummer, et al. (1988). The purpose is to test EQ3NR on a

concentrated solution using Pitzer's equations. As noted by T. Wolery in the "canshbr.3i" file:

Caution: the output from this run using the Harvie-Moller-Weare data file can be only
roughly compared with the corresponding PHRQPITZ output because of non-matching
pH scales and extensions in PHRQPITZ to the Harvie-Moller-Weare (HMW) model in
the form of temperature corrections and addition of new components.

Thus, this test case provides only indirect comparison to another code, and serves only to

demonstrate the capability of EQ3NR to correctly perform high-ionic strength calculations. The

discussions in the "canshbr.3i" file and Plummer, et al. (1988) point to the difficulties in

simulating such systems, which should be approached with caution using EQ3/6.

6.2.2 "deadsea" or "Dead Sea Brine" EQ3NR Test Case

This test employs a Dead Sea brine from Marcus (1977). The purpose is to test EQ3NR on a

concentrated solution using Pitzer's equations, with emphasis on matching activities of water

and KCI ionic species. The discussion in Wolery (1992b) of an earlier version of this test shows

8



the difficulties encountered in calculating activities and pH in high-ionic strength solutions. Like

"canshbr.3i," this test chiefly demonstrates the ability of the code to perform such calculations
correctly according to the underlying algorithms; again, caution is suggested in the application
of EQ3/6 to such cases.

6.2.3 "fo2mineq" or "Compute fO2 from Hematite-Magnetite
Equilibria" EQ3NR Test Case

This test of oxygen fugacity calculated in equilibrium with mineral phases is based on a problem

addressed by Henley, et al. (1984). Because hematite and magnetite are both present, the log

of the oxygen fugacity should be calculated to be equal to an experimentally determined

equilibrium constant. More information may be found in the "fo2mineq.3i" file and in
Wolery (1992b).

6.2.4 "jl3wa" or "J-13 Well Water, Six Minerals Suppressed" EQ3NR
Test Case

This case calculates aqueous speciation for groundwater from well J-13 in the Yucca Mountain

region (Harrar, et al., 1990). According to T. Wolery in the "j13wa.txt" file, suppression of

chalcedony, tridymite, pyrophyllite, maximum microcline, and illite does not affect the EQ3NR

results because these minerals are undersaturated. When using EQ3/6 for calculations

involving water-tuff reactions, a rational basis (e.g., kinetic) must be provided for all such

mineral suppressions. The purpose of this case is to produce a pickup file for the EQ6 test

"j13wtuff.6i," simulating reaction of J-13 with silicic tuff. This EQ6 case may be run and

compared with the experimental results examined in Delaney (1985), but is not included in this

validation plan because a corresponding EQ6 output file was not supplied.

6.2.5 "rwtst" or "River Water, Full Benchmark Test Case" EQ3NR
Test Case

This river water case serves as a test of a dilute solution, and was used in an inter-code

comparison by Nordstrom, et al. (1979). The suite of elements included in the input is

particularly large, so that aqueous speciation of a broad range of elements is tested.

6.2.6 "swmajp" or "Sea Water, Major Ions Only, Using Pitzer's
Equations" EQ3NR Test Case

This is an altered and shortened version of the "swtst" case (section 6.2.8), which is based on

an inter-code comparison case of Nordstrom, et al. (1979). The purpose of "swmajp" (which is

also discussed in Wolery, 1992b) is to apply Pitzer's equations to a moderately concentrated

solution and for comparison to other seawater cases included in the EQ3/6 package. This case

also tests whether, as expected (Wolery, 1992b), supersaturation is calculated for the

carbonate phases calcite, aragonite, dolomite, and magnesite. In addition to "swtst"

(Section 6.2.8) and "swphcl" (Section 6.2.7), the package includes six other EQ3NR seawater

input files.
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6.2.7 "swphcl" or "Sea Water, Using pHCI Instead of pH" EQ3NR
Test Case

"swphcl" is another major-ion seawater test case, also based on "swtst" (section 6.2.8). This
case tests using pHCI as an input quantity and allows a check that pH is calculated properly by
comparing to the "swmajp" output. This case is discussed in Wolery (1992b).

6.2.8 "swtst" or "Sea Water, Full Benchmark Test Case" EQ3NR
Test Case

This is the full seawater benchmark case used in the inter-code comparison of Nordstrom, et al.
(1979), including major and minor elements (see also sections 6.2.6 and 6.2.7).

6.2.9 "calhal" or "Calcite Saturated NaCI Brine" EQ6 Test Case

In this EQ6 test case, a fresh water concentrated with respect to calcite is run to halite
saturation. EQ3NR output from "calnacl.3i," which was run automatically by the steps in section
6.1.3, is required for this case. This high-ionic strength case provides comparison with results
for the same case using PHRQPITZ (Plummer, et al., 1988).

6.2.10 "dedolo" or "Dedolomitization with Increasing Temperature"
EQ6 Test Case

A carbonate groundwater that is saturated with respect to calcite and dolomite is reacted at
increasing temperature with gypsum to drive dedolomitization. This case was used in a
comparison (INTERA Environmental Consultants, 1983) between EQ3/6 and the PHREEQE
code (Parkhurst, et al., 1980). Changing temperature is one of the functions tested by this
case.

6.2.11 "fwbrmix" or "Fresh Water-Brine Mixing" EQ6 Test Case

In this case, a calcite-saturated fresh groundwater (created when "calnacl.3i" was run by
EQ3NR) is mixed with the brine defined by the EQ6 test case "calhal.6i."' Because this test
relies on output from another EQ6 case, "fwbrmix.6i" will have to be altered and re-run after the
"runeq6 com *.6i" and "runeq6 hmw *.6i" steps of section 6.1.3 (see instructions in "fwbrmix.6i").
This test case was used also for PHRQPITZ (Plummer, et al., 1988).

6.2.12 "heatqf" or "Heat a Quenched Fluid to Find the In Situ pH" EQ6
Test Case

This test employs quenched water from hydrothermal experiments on reaction of J 3 water with
vitric Topopah Spring tuff (Knauss and Peifer, 1986). In the run, the water is heated to
experimental conditions (150 0C) to calculate the in situ pH to correct the measured quench pH
for temperature change. See also Wolery and Daveler (1992).
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6.2.13 "methane" or "Methane Reduction of An Oxygenated System"
EQ6 Test Case

Methane is reacted with "an oxygenated, calcite and hematite saturated solution at 25CC"
(quote from the "methane.6i" file). This test was employed in the PHREEQE-EQ3/6
comparison of INTERA Environmental Consultants (1983). This test is intended to simulate a
system with major changes in redox conditions, and uraninite is one of the product minerals.

6.2.14 "micro" or "Microcline in pH 4 HCI Solution" EQ6 Test Case

In this test case, from the INTERA Environmental Consultants (1983) comparison, microcline is
reacted with a pH 4 HCI solution at 250C until saturation. Silica phases quartz, chalcedony, and
tridymite are suppressed.

6.2.15 "microft" or "Microcline in Flowing HCI Solution" EQ6
Test Case

In this variant of the "micro" test, the solution with which microcline reacts is simulated to be
flowing. This case tests the fluid-centered flow-through open system capability of EQ6, and
may be contrasted with the closed-system results of "micro."

6.2.16 "pptqtza" or "Precipitate Quartz Using Knauss and Wolery Rate
Law" EQ6 Test Case

Quartz is precipitated at 105'C from a supersaturated solution. This case, based on
experimental data by Rimstidt and Barnes (1980), tests the extrapolation of pH-dependent
kinetic rate constants to higher temperature. As discussed in the comments in "pptqtza.6i," a
poor match with the experimental results-dissolved silica drops too quickly early in the
experiment-reveals an inadequacy in the rate model. This test merely shows that the code
has correctly executed the model by comparison with supplied output file "pptqtza.6o." A result
that better fits the experimental data is represented by case "pptqtz.6i," which uses the rate law
model Rimstidt and Barnes (1980) developed from the data. For a direct comparison, case
"pptqtz.6i" may be run and the tabulated results in output file "pptqtz.6t" compared to figure 2 in
Rimstidt and Barnes (1980). (Note that an error in the input starting silica concentration for
"pptqtz.6i" results in the "pptqtz.6t" silica concentrations being a factor of 1.6 times higher than
the values in Figure 2 of Rimstidt and Barnes [1980] on a mole basis.)

11



4

SOFTWARE VALIDATION REPORT FOR EQ3/6
VERSION 7.2b

Prepared for

U.S. Nuclear Regulatory Commission
Contract NRC-02-97-009

Prepared by

David A Pickett

Center for Nuclear Waste Regulatory Analyses
San Antonio, Texas

Approved by:

e, eC L
English C. Pearcy
Manager, Geohydrology an eochemistry

10 t /-
DatO /



1 SCOPE OF THE VALIDATION

This report documents the validation of installation and functionality of the EQ3/6 code
package, Version 7.2b, as described in its software validation test plan (Pickett, 2002). The
validation involved execution of EQ3NR and EQ6 test cases and comparisons with supplied
output files. These test cases were constructed by the EQ3/6 developers for validation using
comparison to other codes and laboratory results.

EQ3/6 is a set of codes for geochemical modeling of aqueous systems (Wolery, 1992a).
EQ3/6 is an acquired code, originating at Northwestern University and further developed by
Lawrence Livermore National Laboratory with support from U.S. Department of Energy (DOE)
nuclear waste programs (including the Yucca Mountain Site Characterization Project). The
software is applied by staff at the Center for Nuclear Waste Regulatory Analyses (CNWRA) as
part of its technical assistance to the U.S. Nuclear Regulatory Commission (NRC) in its
high-level waste program.

This software validation report applies to personal computer installations of EQ3/6 Version 7.2b
as distributed in 1995; that is, revisions R139-P5 for EQ3NR and R136-P5 for EQ6. The
validation is applicable only to installations under the Windows NT 4.0 operating system;
therefore, the executables were recompiled for compatibility (Pickett, 2002). This test was
based on that developed by the Civilian Radioactive Waste Management System Management
and Operating Contractor (CRWMS M&O) for use in the Yucca Mountain program
(CRWMS M&O, 1998). Additional verification that the code correctly executes numerical
computations may be found in Kishi (1996).
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3 ENVIRONMENT

This validation test was conducted on the IBM-compatible personal computer
syreen.cnwra.swri.edu, located in Room A217 of Building 189, Southwest Research Institute.
This computer had a 1.3-Ghz AMD Athlon processor and 256 kb of RAM, and the operating
system was Windows NT 4.00.1381. Output files were inspected for confirmation that the
correct EQ3/6 version 7.2b revisions had been used (i.e., R139-P5 for EQ3NR and R1 36-P5
for EQ6). As described in Section 1.0 and in Pickett (2002), the EQ3/6 executable files had
been recompiled from the FORTRAN source codes for Windows NT compatibility. More details
on installation and environment setup may be found in Pickett (2002). Comparison of test
output files to supplied output files utilized Notepad 4.0 and the "fc.exe" file comparison utility,
both of which were supplied with Windows NT.

4 TEST RESULTS

The test cases were taken from the sample problem suite provided with the package and
discussed in Wolery (1992b) for EQ3NR and Wolery and Daveler (1992) for EQ6. The
procedure for carrying out the tests was adapted from CRWMS M&O (1998), which includes as
Attachments I and 11 checklists for installation and testing. These may be adapted by the
individual CNWRA user as desired. The test procedure, described by Pickett (2002), produced
for each case a text file that compared the new output with the corresponding provided output
file. According to the procedure, "if no differences are reported for calculated values, the test is
successful. If differences are reported for quantities such as molar mineral amounts, molalities
of aqueous species, fugacities, or Log Q/K, these differences should be in the fourth significant
figure or better for the test to be considered successful." Test results were recorded in
Scientific Notebook 037-2 and are discussed individually in the following sections. Output
variances attributable to differences in iteration or step results, run time, or in numbers in the
fourth significant figure or better are not mentioned. In addition, variances of one in the final
digit of three-digit values such as Log Q/K were considered insignificant because they could
easily arise from small rounding errors.

4.1 canshbr" or "Canadian Shield brine" EQ3NR Test Case

The purpose of this case (Frape, et al., 1984; Plummer, et al., 1988) was to test the capability
of EQ3NR to correctly perform high-ionic strength calculations using Pitzer's equations. The
test was unsuccessful because EQ3NR was unable to read the HMW thermodynamic database
file, which employs Pitzer-type activity coefficient calculations. In response to the command

runeq3 hmw canshbr.3i

Command Prompt reported the error message

Processing canshbr.3i
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* Note - This input file requires an activity
coefficient model that isn't compatible with the
specified data file. It will not be run.

The follwing input files were not run because
they require an activity coefficient model that isn't
compatible with the specified data file:

canshbr.3i

The source of this error could not be discerned. The input file was confirmed to correctly
contain the value of 1 for the flag "iopgl," which designates the activity coefficient model that is
consistent with the HMW database (Wolery, 1992b). The datal.hmw file was inspected and
contained the key "stpitz," which indicates consistency with the same activity coefficient model.
Other measures that failed to correct the error and allow running the input file were (i) the
software package was reinstalled, (ii) datal.hmw was reconfigured using eqpt.exe, (iii) the
package was installed on a separate personal computer. The same error was obtained when
other supposedly compatible input files were run with the HMW data file designated, but also
when runs with the other Pitzer-model database PIT were attempted.

Inability to access the HMW and PIT databases may be related to the fact that EQ3/6 7.2b was
not originally intended to be compatible with Windows NT. Nevertheless, these are the only two
thermodynamic data files that were not successfully read by EQ3NR and EQ6. Until a solution
to this error is found, these two data files should not be called by EQ3NR or EQ6 in a
Windows NT installation. Because these are the only data files appropriate for high-ionic
strength solution modeling, such use of EQ3/6 is not validated.

4.2 "deadsea" or "Dead Sea brine" EQ3NR Test Case

This test (Marcus, 1977), like "canshbr," was intended to test the capability of EQ3NR in
high-ionic strength simulations. This test failed for the same reasons as "canshbr"; see
Section 4.1.

4.3 "fo2mineq" or "Compute fO2 from hematite-magnetite equilibria"
EQ3NR Test Case

This case simulated redox-sensitive water chemistry in equilibrium with mineral phases
(Henley, et al., 1984). The new run faithfully reproduced all chemical parameters reported
in the original output file and in Wolery (1992b), including pH, oxygen fugacity, and
iron concentration.

4.4 "jl3wa" or "J-13 well water, six minerals suppressed" EQ3NR
Test Case

This case calculates aqueous speciation for the Yucca Mountain region groundwater from
Well J-13 in the Yucca Mountain region (Harrar, et al., 1990). As discussed in Pickett (2002),
certain minerals were suppressed with justification. The EQ3NR test output file showed no
differences from the supplied file. Therefore, the test was successful.
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The original purpose of this case was to provide a pickup file 013wa.3p) for an EQ6 test. In the
new validation test, the corresponding EQ6 input file-j13wtuff.6o-was automatically run by the

runeq6 com *.6i

command. Although not required by the validation test plan, the output from the j1 3wtuff.6i run
was inspected for additional information on the validation of EQ3/6; no corresponding EQ6
output was supplied for direct comparison. Because ji3wtuff.6i was based on a case in
Delany (1985) that was compared with experimental results from Knauss, et al. (1985), the new
jI3wtuff.6o output was visually compared with the published EQ6 and laboratory results as
plotted in Figures 3a and 3b of Delany (1985) and in Figures 8 and 9 of Knauss, et al. (1985),
respectively. Note that the starting water compositions for jl3wa.3i (and, thus, j13wtuff.6i) and
the Delany (1985) run differed to a small degree, as did certain kinetic dissolution/precipitation
model assumptions. The agreement in aqueous elemental concentrations between the new
EQ6 results and the experimental data is quite good. For example, the final modeled silicon
concentration is 102 ppm, versus about 120 ppm in the experiments. Throughout the
approximately 70-day period, Na, Ca, K, and Mg concentrations and pH were similar in the
experiments and the j13wtuff run. Experimental aluminum concentrations were over an order of
magnitude higher than model values; as Wolery (1992b) discusses, high aluminum
concentrations in waters may be attributable to a considerable colloidal component.

4.5 "rwtst" or "River water, full benchmark test case" EQ3NR Test Case

This river water case served as a test of a dilute solution, and was used in an inter-code
comparison by Nordstrom, et al. (1979). The test output file did not differ from the supplied
output file. The test was successful.

4.6 "swmajp" or "Sea water, major ions only, using Pitzer's equations"
EQ3NR Test Case

This test (Wolery, 1992b) was intended to test the capability of EQ3NR in a moderately
concentrated solution using Pitzer's equations for activity coefficient modeling. This test failed
for the same reasons as "canshbr"; see Section 4.1. The analogous test case utilizing the
B-dot activity coefficient model and the "COM" database is swmaj.3i; an output file for this case
was not supplied with EQ3/6, but is reproduced in Wolery (1992b). The new output file
swmaj.3o, generated automatically during the test, was compared by inspection with the
swmaj.3o output file reproduced in Wolery (1 992b), and the results for aqueous concentrations,
pH, and mineral saturation states were identical to better than the fourth significant figure.

4.7 "swphcl" or "Sea water, using pHCI instead of pH" EQ3NR Test Case

Another seawater case, "swphcl" (Wolery, 1992b) failed for the same reasons as "canshbr";
see Section 4.1.
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4.8 "swtst" or "Sea water, full benchmark test case" EQ3NR Test Case

This seawater benchmark case was from the inter-code comparison of Nordstrom, et al. (1979).
The case uses the B-dot activity model and thus was run with the "COM" database. The output
file was identical with the supplied output file. The test was successful.

4.9 "calhal" or "Calcite saturated NaCI brine" EQ6 Test Case

This case tests EQ6 simulation of a high-ionic strength solution (Plummer, et al., 1998). The
test failed for the same reasons as "canshbr," that is, EQ6 also failed to recognize the HMW
database. (Likewise, the required pickup file calnacl.3p was not successfully produced.)
Therefore, as mentioned in Section 4.1, EQ6 is not validated for high-ionic strength cases for
which Pitzer's equations are warranted.

4.10 "dedolo" or "Dedolomitization with increasing temperature"
EQ6 Test Case

This case simulates reaction of a carbonate water with gypsum, under changing temperature,
to drive dedolomitization (INTERA Environmental Consultants, 1983). The new output file had
a large number of differences with the supplied file. Therefore, the final reaction path results
were inspected. Values inspected were concentrations of the more important aqueous species,
fugacities, masses of solid phases destroyed and produced, and pH. The differences between
the two output files for these values were in the fourth significant figure except for H20(g)
fugacity, which differed by only 0.2 percent in the two tests. This difference is very small, and
the test is considered successful.

4.11 "fwbrmix" or "Fresh water-brine mixing" EQ6 Test Case

This case, in which a fresh groundwater is mixed with a brine (Plummer, et al., 1988), depends
on the HMW database, failed for the same reason as calhal.6i.

4.12 "heatqf" or "Heat a quenched fluid to find the in situ pH"
EQ6 Test Case

This test calculated in situ pH for quench water from a 150 0C [302 'F] experiment on reaction
of J-1 3 water with vitric Topopah Spring tuff (Day 16 from Table 4 of Knauss and Peifer, 1986).
The test output matched the supplied output precisely; thus, the test was successful.
[The calculated quench pH was 6.38, compared with the Knauss and Peifer (1986) calculation
of 6.39. Because Knauss and Peifer (1986) used an earlier version of EQ6 for their calculation,
this result does not provide an entirely independent check on model results.]

4.13 "methane" or "Methane reduction of an oxygenated system"
EQ6 Test Case

Methane is reacted with an oxygenated solution in this test case (INTERA Environmental
Consultants, 1983), which simulated major changes in redox conditions. The final step results
in the new test output matched the supplied output in the third significant figure or better for all
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parameters except Eh and the logs of oxygen fugacity, iron concentration, and uranium
concentration. The differences in these values were all one percent or less, except for uranium,
which differed by three percent. However, because the log molal U content was very low
(- 15.2), and because this value changed dramatically from the previous calculational step, the
latter inconsistency is not considered important. All the reported values with notable variances
from the supplied output file are sensitive to oxidation/reduction calculations. It appears that this
type of calculation may be more susceptible to rounding errors than others. This is not
surprising, because very small differences in oxygen fugacity can be propagated to
redox-sensitive elements such as iron and uranium.

4.14 "micro" or "Microcline in pH 4 HCI solution" EQ6 Test Case

In this test case, microcline is reacted with a pH 4 HCI solution until saturation
(INTERA Environmental Consultants, 1983). The new output file did not differ significantly from
the supplied file; therefore, the test was successful. The final solid assemblage of microcline,
muscovite, and kaolinite is consistent with previous model results (Wolery and Daveler, 1992).
However, in both the new results and the supplied output file, diaspore (AIHO2) precipitated and
dissolved during the run instead of gibbsite [AI(OH)3], which was predicted by the Wolery and
Daveler (1992) EQ6 results. This difference was also seen in the microft case (Section 4-15).
This variance can likely be attributed to differences in the COM thermodynamic databases
used; while Wolery and Daveler (1992) used version dataO.com.R10, the supplied output files
and the test runs used dataO.com.R2. On the other hand, test case solution chemistry results
are very similar to the Wolery and Daveler results (Figures 6-9 in Wolery and Daveler, 1992).

4.15 "microft" or "Microcline in flowing HCI solution" EQ6 Test Case

In this variant of the "micro" test, the solution with which microcline reacts is simulated to be
flowing in an open system. Compared to the supplied output file, there is a two percent
difference in the log moles of remaining microcline at the end of the run; however, this amount
remaining is very small (log moles of -8.5682), so the difference is not considered significant.
The test was successful. As for micro (Section 4-14), the results differed from those in
Wolery and Daveler (1992; Figures 10-13) only in the substitution of diaspore for gibbsite.

4.16 "pptqtza" or "Precipitate quartz using Knauss and Wolery rate law"
EQ6 Test Case

The results from this test case, in which quartz is precipitated at 105 °C [221 °F] from a
supersaturated solution, were identical to those in the supplied output file. Therefore, EQ6
correctly executed the run and the test was successful. [As discussed in Pickett (2002), a
better fit with the corresponding Rimstidt and Barnes (1980) experimental results may be found
in the pptqtz case, which uses the kinetic rate law developed frm the laboratory data.]

5 SUMMARY

Six of the 16 test cases-four with EQ3NR and two with EQ6-failed the validation test
because the code was unable to read the HMW thermodynamic database file. It was also
found that these test cases, which involved high-ionic strength solutions for which an activity
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coefficient model based on Pitzer's equations was appropriate, could also not access the PIT
database file. The reason for this error could not be determined, but it is most likely related to
the Windows NT platform. Therefore, EQ3/6 version 7.2b (revisions R1 39-P5 for EQ3NR and
R1 36-P5) under Windows NT 4.0 is not validated for use on solutions that are judged by the
modeler to be best approached with Pitzer-type activity coefficient relationships.

In all the test cases that were successfully run, the vast majority of numerical results met the
test criterion proposed by Pickett (2002); namely, that differences between the new test results
and the test case outputs supplied with the EQ3/6 package agree to the third significant figure
or better. In three of the six successful EQ6 runs, there were larger differences among output
parameters. In these three cases, very small values could differ by up to a few percent, while
larger values differed by less than one percent. These variances, which are likely due to
rounding errors, arise from the fact that the code was executed under a different operating
system. In each case, the differences are judged to be insignificant in the context of the overall
uncertainties in geochemical modeling. Therefore, the validation test was successful for EQ3NR
and EQ6 runs that use the COM thermodynamic database.

Though not required by the test plan, this report includes some discussion of comparisons to
experimental data and previous code comparisons (see Sections 4.4, 4.14, 4.15, and 4.16).
These discussions show that geochemical modeling codes are far from perfect, and that
objective comparisons sometimes involve model or data adjustments that cloud the line
between calibration and validation [e.g., the use of the Rimstidt and Barnes (1980) kinetic law to
fit their experimental data). The use of EQ3/6 and the choice of particular data sets or models
within it should always be informed by how these choices affect the objectivity and usefulness
of the results.

As mentioned in Pickett (2002), the EQ3/6 package is not bug-free, and information on known
bugs is supplied in the "knbugs.txt" file. In addition, CNWRA staff have documented other
problems in Scientific Notebook 037-2. These should be consulted by the user, because the
limitations they may place on use of the code will not be revealed by this test report.
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