e ]
/ DI: UCRL-MA-110662 PTIV
SCR: LSCR198 -
‘ Nﬂ:ﬂmm44ﬂ0&0010h&kmﬂmﬂ
/ December 11, 1998

[ o QAL

MOL.19990520. 0169
SOFTWARE QUALIFICATION REPORT
~ GQR) .
/ . . B

ADDENDUM TO EXISTING LLNL DOCUMENT UCRL-MA-110662 PT IV:
IMPLEMENTATION OF A SOLID-CENTERED FLOW-THROUGH MODE FOR EQ6
VERSION 7.2B

CSCI: UCRI.;MA-xlossz V72b
'SCR: LSCR198
MI: 30084-M04-001 (Addendum only)

%/ﬂ.\ | [2-/2

Harlan Stockman Date

Reviewed by:
| Z«.‘/ﬁ{{/ 12- IS-9P
Kaveh Zarrabi

Concurred by:

RRR\L,,\ 1, | - o eslse

- Robert A. Morgan, Engineering Assurance

Approved by:

= - . 12/23/95

Peter Gottlieb, Supervisor

Degraded & External Criticality Department




Software Qualification Report for EQ6 Solid-Centered... . DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

Table of Contents

A

" Description
1.0 SUMMARY

1.1 DESCRIPTION OF EQ3/6 7.2B BASIC PACKAGE
1.2 SOFTWARE NEEDS NOT MET BY ORIGINAL EQ6 PACKAGE
1.2.1 Need for Solid-Centered Flow-Through Mode
1.2.2 Need for Compact Output Files
1.2.3 Need for Informative Screen Output
1.3 SUMMARY OF FUNCTIONALITY SUPPLIED BY THE ADDENDUM TO EQ6
1.3.1 Solid-Centered Flow-Through Modz
1.3.2 Compact Output Files
1.3.3 Informative Screen Output
1.3.4 Array Size Changes
1.3.5 Identification as Altered Version of EQG
1.4 SOFTWARE VALIDATION PROCESS
1.4.1 Validation Methods
1.4.2 Implementing Documents
1.4.3 Acceptance Criteria
1.4.4 Additional Software Documentation

2,0 INSTALLATION

2.1 HARDWARE AND OFERATING SYSTEM REQUIREMENTS
2.2 SUPPLEMENTAL MEDIA
2.3 INSTALLATION PROCEDURE
2.3.] Install over Previous EQG6.EXE
2.3.2 Keep old EQG6.EXE, and Install Eg6new in a Separate D:rectory
2.4 INSTALLATION TESTS AND RESULTS

0 B VNN A AR DARNAWLWD WA RN e - I’g

3.0 SOFTWARE VALIDATION
3.1 COMPARISON WITH ANALYTICAL SOLUTIONS (INDEPENDENT TEST CASE)...
3.2 COMPARISON WITH ALLPOST /NxTINPUT CALCULATIONS (INDEPENDENT TEST CASE) ....... 10
3.3 COMPARISON AGAINST STANDARD EQ6 BENCHMARK SUITE 14
3.4 TEST OF OUTPUT FROM KWS4 10 AND HWSTXT SUBROUTINES 15
4.0 INSTRUCTIONS FOR USING NEW SOLID-CENTERED FLOW-THROUGH MODE ............. P— 22
5.0 RECOMMENDATIONS : 25
5.1 SOFTWARE ELEMENTS VALIDATED asesne 25
5.2 SOFTWARE ELEMENTS NOT VALIDATED 25
53 RECOMMENDA_‘I'IONS FOR SOFTWARE QUALIFICATION : 25
6.0 REFERENCES 26
i




Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR:LSCR198
MI: 30084-M04-001 (Addendum)

' List of Attachments

Attachment I. Source Code Changes (15 pages)
Attachment II. Test Case Checklist (3 pages)

Attachment IIl. Concatenated £c (File Compare) Outputs for Section 3.3 Tests (26 pages)

ii




Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

1.0 SUMMARY

1.1 Description of EQ3/6 7.2b Basic Package

The EQ3/6 software package originated in the mid-1970s at Northwestern University . Since
1978, Lawrence Livermore National Laboratory (LLNL) has been responsible for maintenance
of the package. Most recently, EQ3/6 been maintained under the sponsorship of the Civilian
Radioactive Waste Management Program of the U.S. Department of Energy. The major -
components of the EQ3/6 package include: EQ3NR, a speciation-solubility code; EQ6, a reaction
path code which models water/rock interaction or fluid mixing in either a pure reaction progress
mode or a time mode; EQPT, a data file preprocessor; EQLIB, a supporting software library; and
several (>5) supporting thermodynamic data files. The supporting data files contain both
thermodynamic standard state and activity coefficient-related data. Most of the data files support
the use of the Davies or B-dot equations for the activity coefficients; two others support the use
of Pitzer’s equations. The temperature range of the thermodynamic data varies from 25 °C only
for some species, to a full range of 0-300 °C for others. EQPT takes a formatted data file (a
data0 file) and writes an unformatted datal file, which is read by EQ3NR and EQ6. EQ3NR
is useful for analyzing groundwater chemistry data, calculating solubility limits and determining
whether certain reactions are in states of partial equilibrium or disequilibrium. EQ3NR is also
required to initialize some EQ6 calculations.

Only the EQ6 code was modified for this report (minor changes were made to the eqlib. for
source, but per QAP-SI-0, Computer Software Qualification, revision 4, section 3.34, those
changes do not constitute “modifications™). EQ6 calculates the interaction of an aqueous
solution and a set of “reactants”, and the code can model fluid mixing and the consequences of
changes in temperature. The code operates both in a pure reaction progress frame and in a time
frame. In a time frame calculation, the user specifies rate laws for the progress of the irreversible
reactions. . Otherwise, only relative rates are specified. EQ6 uses a hybrid Newton-Raphson
technique to make thermodynamic calculations. This method is supported by a set of algorithms
that create and optimize starting values. EQ6 uses an ordinary differential equation (ODE)
integration algorithm to solve rate equations in time mode. The codes in the EQ3/6 package are
written in FORTRAN 77 and have been developed to run under the MS-DOS/Windows and
UNIX operating system on platforms ranging from workstations to supercomputers. Further
information on the codes of the EQ3/6 package is provided in Refs. 2, 3, and 4.

~ EQ6 is used by the Yucca Mountain Project Management and Operating Contractor (hereafter
called “M&O”) to calculate the degradation of waste packages (WPs) in water. These
calculations are performed in support of internal and external criticality assessments, and for
estimation of radionuclide transport through drifts and into rock fractures. The aqueous fluid in
these calculations typically begins with & composition similar to J-13 well water’. The
“reactants” are the components of the WPs (steels, fuel, criticality control materials such as
gadolinium phosphate, high level waste (HLW) glass), or the engineered and natural materials
external to the WPs (volcanic rocks, fracture fillings, backfill, and concrete). In addition, J-13
water may itself become a reactant, added continuously throughout the calculation.
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As provided by LLNL, EQ6 principally models batch processes, operating in a closed system.
The code has a mode for a “fluid-centered flow-through system”, but that mode has no simple
analogy with the processes involved in the degradation of WPs.

Throughout this report, a bold courier font is used to denote computer file names,
parameters in programs or input files, or operating system (OS) commands. OS commands are
indented by at least one space, and the “Enter” key implicitly follows each OS command.

1.2 Software Needs Not Met by Original EQ6 Package

1.2.1 Need for Solid-Centered Flow-Through Mode \

In the proposed repository at Yucca Mountain, there is 2 small probability that waste packages
(WPs) may be disrupted by rock falls, such that breaches, or holes, develop in the top surface of
the WP 6. Water may then drip into the packages, eventually filling the available void volume.

In packages containing significant amounts of fissile materials, the water may act as a moderator,
enhancing the likelihood of criticality. If the dripping is continuous, there is a possibility that
water will overflow from the package, and the continuous dilution will remove neutron-
absorbing components (such as gadolinium) that were originally added for criticality control.
Some fissile materials may also be flushed from the system, possibly to reconcentrate outside the
WP. The simulation of such processes, with a chemical reaction-path code, requires a “solid-
centered flow-through” mode (p 44, Ref. 4). In this mode, an incremental amount of “fresh”
water enters the WP system in each time step, displacing an equivalent volume of water out of
the system.

EQ6 version 7.2b, as distributed by LLNL, does not contain a solid-centered flow-through mode.
To add this mode, it is necessary to change the eg6 . £or source code, and recompile the source.
However, by using a variant of the “special reactant” type built into EQS, it is possible to add the
functionality of a solid-centered flow-through mode in a very simple and straxghtforward
manner.

1.2:2 Need for Compact Output Files

The amount of output generated by EQ6 can be enormous. EQ6 users at the M&O currentl 7y
simulate a solid-centered flow-through system with the “allpogt/nxtinput” method ‘.

This method chains many EQ6 runs together, concatenates the output files, then post-processes
and condenses the intermediate output to save space. The allpost/nxtinput method was
developed to avoid changing or amending the EQ6 source code; thus the results are qualified
according to LLNL’s existing procedures. However, even with the space-saving measures, a
single allpost/nxtinput run typically generates 300 MB of output, and 2 series of runs for
a particular WP may generate well over 2 GB. The constant archival of results, and the clearing
of outputs from the system, offer many chances for error and data loss. The resultant output files
are somewhat tedious to process; blocks of output are pasted into Excel files, with many more
hand operations and chances for error. The generation of Excel plots from & single run can take
days. The binary output and tab-delimited files proposed in this Software Qualification Report
(SQR) rarely exceed 40 MB, contain approximately ten times as much information as the files
generated by the older method, and are easily accessed by graphical post-processors.
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1.2.3 Need for Informative Screen Output .

As distributed by LLNL, EQ6 version 7.2b gives no indication of the status of a calculation
(apart from reports of errors or convergence failures) until the calculation is completed. Since
the complex calculations performed by the M&O may take hours to complete, yet may also
“hang” and become caught in infinite loops, there is a tendency for users to become impatient
and terminate a calculation prematurely, unless there are signs of progress.

1.3 Summary of Functionality Supplied by the Addendum to EQ6

Of the additions made to the eq6 . £or source, only the first (Solid-Centered Flow-Through
Mode, section 1.3.1) will “affect the calculational structure or flow ... and mathematical
algorithms”, per QAP-SI-0 rev 4, section 3.34. The other code additions allow production of
compact output files, enhance the information printed to the screen during long runs, enhance the
code capabilities for WP modeling by increasing array sizes, or simply print an additional notice
identifying the addendum.

For simplicity, the modified source files are referred to hereafter as egénew. for (the
replacement for egé6 . £or) and eglibnew. for (the replacement for eqlib. for). It must
be noted that the changes made to eqlib. for comprise minor fixes to output or date formats,
and erray sizes, and do not constitute true modifications, per section 3.34 of QAP-SI-0

revision 4. All the modifications are documented in the egénew. for and eqlibnew. for
source files. The headers for the source files, and the modified sections of code, are reproduced
in Attachment I. .

1.3.1 Solid-Centered Flow-Through Mode

The new mode is induced with a “special-special” reactant (j code=5, Daveler format term
DISPLACER). The jcode number 5 is immediately trapped and converted to j code=2, with
a jhws flag set to 1 (all other jcodes have jhws=0). Apart from the input trapping, the
distinction between the DISPLACER and SPECIAL reactants is seen only in one 9-line block of
the reacts subroutine, when the total moles of elements in the rock+water system (mte array)
is adjusted by adding in the DISPLACER reactant, and subtracting out a commensurate amount
of the total aqueous elements (mteag a.rray) This adjustment is made in change 12 of
Attachment I.

1.3.2 Compact Output Files

The subroutine hws4 1o produces & binary file called hwsdata. That file contains the aqueous
solution moles and molality of dissolved elements, the number of moles of each solid (including
solid solutions), saturation states, gas fugacities, reactant moles, pH, ionic strength, reaction
progress and physical time (if run in kinetic mode) for every time step. The hwsdata file can
be read by the PP program described in Ref. 8, or by short C programs that run in stand-alone
mode. The companion subroutine hwatxt produces tab-delimited files that are easily pasted
into spreadsheets (the files elem_aqu.txt, elem min.txt,elem m a.txtand
elem_tot.txt). These files are designed to provide the input necessary for neutronics
calculations, and require very little additional manipulation, reducing the chance of user error.
While the files produced by hwatxt are text, the routine uses binary writes to overcome the
limits of FORTRAN 77 formatted I/O.

. B o
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- 1.3.3 Informative Screen Output

At each calculation step, eg6new. for writes the step number (and log time in seconds, if in -
kinetic mode) to the screen. Whenever a change in the solid phase assemblage is encountered,
the solids in the new assemblage are printed as well. These additions to screen output are found
in routines hwa4io and modexz, in changes 6 and 8 of Attachment I.

1.3.4 Array Size Changes

As described in the EQ3/6 V&V report’, it is necessary to increase the dimensions for several of
the static arrays in EQ3/6. The changes are made through parameter statements, and do not
constitute “modifications” per QAP-SI-0 revision 4 section 3.34. The most important of these
changes in the number of “special reactants” allowed for the code. The WPs modeled by the
M&O are complex, and may involve many “reactants” in the form of alloys and fuel
components; up to 12 special reactants have been used in runs to date. ‘All the array size changes
are indicated in the header of the eq6new. for file, and in Attachment I.

1.3.5 Identification as Altered Version of EQ6
After printing the normal LLNL disclaimers, egénew. for prints the following message to the
screen and to the output file:

bd g RX 1L L1 30 4 £4 L X 17 13 2 £ 31 T3 T 22 £ 22 L3 L3 23 13 3 2
THIS I8 EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2,
R137. The alterations consist of a flow-through mode
(jcodex=5 or displacer reactant) and I/0 functicas to
display progress and to produce binary output f£iles.
Contact HWStockman (Harlan_Stockman@ymp.gov)
for more information. EQSNEW version 12-11-98.

MEDIA # 30084-M04-001 for this Addendum enly.

CRWHMS K&0; coriginal document # UCRL-MA-110662.

This notice is the only change egénew. for makes to the standard eg6 . f£or output file.
The message is printed by the subroutine hwadis.

1.4 Software Validation Process »

Two parts of the validation process are distinguished here. The first is the initial validation
presented in section 3.0, which involves a detailed analysis to establish the accuracy of the flow-
through mode implemented in e¢6new. for. The second is a test procedure for installation of
the addendum on individual CPUs (the checklist for the latter process is provided in Attachment
).

1.4.1 Validation Methods
The initial validation process, described in section 3.0, involved four parts:
(1) Comparison of eqénew . £or results against analytical solutions for a passive tracer in a

solid-centered flow-through system, to validate and measure the accuracy of the new
functionality.

2
¥
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(2) Comparison of eq6new. for results against a run produced by the allpost/nxtinput
method *’, to demonstrate the accuracy of the new functionality, for a complex problem typical
of those encountered in WP calculations at the M&O.

(3) Comparison of qunew for results with those achieved by the LLNL distribution of
eg6 . for (version 7.2b), for the standard EQ3/6 test suite, to verify that the new ﬁmctlonahty in
egbnew. for does not interfere with the original capabilities of the eg6 . £ox program.

(4) Proof that the supplemental I/0 functions of the addendum (specifically, files produced by
routines hws4 io and hwstxt) produce outputs that agree with the tab (or *.6t) and
output (or *. 60) files of the normal EQ3/6 7.2b distribution.

The test procedure for installation, described in Attachment 11, is used to verify that the
software addendum has been installed correctly on individual PCs.

1.4.2 Implementing Documents

Implementing docurnents for the addendum include the EQ6 manual *, and the current document.
Section 4.0 of the current document describes how to use the new solid-centered flow-through
mode.

1.4.3 Acceptance Criteria

For numerical results, an acceptance criterion of 110% is used for the two independent test cases
(sections 3.1 and 3.2), and a criterion of £1% is used for the comparison against the standard
EQ6 test cases (sections 3.3 and 3.4). For test cases with graphical output, a visual companson
between actual and expected results will be used as acceptance criteria. Visual comparisons that
do not match the expected results will require documented justification of acceptance for
software validation.

1.4.4 Additional Sofitware Documentation

No additional software documentation is reqmred Section 2.0 of this report documents
installation of the addendum, and section 4.0 gives brief i mstrucuons for the use of the new
capabilities.
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2.0 INSTALLATION

2.1 Hardware and Operating System Requirements

The requirements for eq6new are essentially the same as those for eg6, as described in Ref. 9.
The program described herein runs in a DOS window under Windows 95 and Windows 98, on
processors compatible with the Intel 486, Pentium, Pentium Pro, and Pentium II families.
However, because flow-through calculations typically involve many time steps, and because the
calculations performed by the M&O tend to be complex and to involve many components,
performance may be unacceptable with the minimal hardware described in Ref. 9. For typical
WP calculations, a minimum system includes a 166 MHz Pentium or Pentium/MMX processor,
and 32 MB RAM. The output files can be quite large in flow-through calculations, with binary
output files (hwsdata files) ranging from 10 to 50 MB, so the user should have at least 1 GB
free hard drive space, and a method to archive and remove unused files from the system.
However, because the eg6new. for solid-centered flow-through mode tends to run fast, the
binaries can be recreated quickly if only the input files (which are rarely greater than 40 KB) and
the corresponding thermodynamic databases are saved.

2.2 Supplemental Media :

The installer must obtain & copy of the supplemental media from Software Conﬁguranon

- Management. The supplemental media for egénew contain two self-extracting executable files,
eg6newll.exe and egénewlB. exe. The first file (egénewlA. exe ) contains the
exccutable program eg6new. exe (2 replacement for egé6 . exe), the five test cases (. 64

files), and the comparison output files (. €nw files) required for the Test Case Checklist
(Attachment IT). The second file (eqénewlB. exe) contains the source code for egénew. for
and eqlibnew. for, the additional test cases new_1.641 and new_2. 64 described in section
3.1,and the £01_2022.64 and £01_2022_alln. 64 test cases described in section 3.2.

The eg6new. exe file was compiled with the Lahey LF90 compiler, version 3.5, with the

command line:
LFS0 egbnew.for eglibnew.for -pack -bind -tp.

2.3 Installation Pmcedure

This installation procedure requires that EQ3/6 version 7.2b has already been installed on the PC,
per Ref. 9. It is assumed that the installer is familiar with the opening and operation of 2 DOS
console.

Begin the installation of the supplemental media by opening an MS-DOS console on the target
CPU. A directory called eg6new is then created on the target CPU, and the supplemental
media files egénewlh . exe and egénewlB. exe are copied into the that directory. The
Supplemental Media files are then executed, which produces the uncompressed files in the
directory egénew. Assuming the Supplemental Media disk is in the A drive, the process is

accomplished with the following DOS commands:
cd \
md eqgqénew
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cd \egbnew
‘copy a:egbnewll.exe
copy &a:egbnewlB.exe
egétnewlh
egénewlB . _
at the DOS prompt. The “Enter” key must follow each of the DOS commands above.

From this point, two installation methods are possible, viz:

2.3.1 Install over Previous EQS.EXE

Locate the directory containing the eq6 . exe binary; this is the directory indicated by the

SET EQ36CO linein the autoexec .bat file. Enter this directory, and rename eg6 . exe to
eg6old.exe. Copy the egénew. exe binary into the same directory, and rename it

eg6 . exe. The runeg6 program will now launch the new executable, and EQG can be used as
before, and the program will recognize the EQ3/6 environment variables, allowing one to launch
the program from any directory. This procedure MUST be used to test the installation per
Attachment II. After the installation test, eg6old. exe can be copied back into eg6 . exe, and
eg6new can be run from a separate directory, as described in section 2.3.2.

2.3.2 Keep old EQG6.EXE, and Install Egénew in a Separate Diréctory

Copy the appropriate datal. * file (e.g. datal.comor datal . hmw)from the EQ3/6
database directory (as indicated by the SET EQ36DA line in the autoexec.bat file), into the
eg6new directory. Rename the datal. * fileto datal. Eachtime a *. 61 file is to be run, it
must first be copied to a file named input, and input must reside in the eg6new directory.
The program eqénew is then invoked in this directory (without arguments), and the standard

- EQ6 output is directed to a file named output, and the compact binary ﬁle is named
hwsdata.

2.4 Installation Tests and Results

The test procedure described here is modified after Attachment II of Ref. 9. It is presumed here
that there is a prior installation of EQ3/6 on the system, per Ref. 9. After eg6new.exe is
copied over the prior version of eq6 . exe, the additional test cases described in Attachment II
(Test Case Checklist) must be run for each installation. After completion of the test cases, a
signed copy of Attachment II must be returned (for each target CPU) to the Software
Configuration Manager, accompanied by & memo signed by the installer (or installers’)

responsxblc manager.
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3.0 SOFTWARE VALIDATION

Sections 3.1 and 3.2 exercise the new solid-centered flow-through mode, added to EQ6 to create
egénew. for. Section 3.3 shows that the addition of the new mode does not affect egénew’s
accuracy in running the 17 test cases in LLNL's distribution of EQ3/6. Section 3.4 shows that
the new output modes of the addendum produce results that agree with the default EQ3/6 output
modes.

3.1 Comparison with Analytical Solutions (Independent Test Case)

This test case compares eq6new.£or calculations against the analytical solution for flushing of
an inert tracer (that is, a chemical component that does not enter into a discrete solid phase). The
filesnew_1.6,new_2.61 and new_01. 61 perform the test with the EQ6 parameter

dlzmx2 (maximum step size, in units of reaction progress zi) set to 0.1, 0.2 and 0.01,
respectively. Each of these 61 input files uses the pickup file generated by the standard EQ6 test
casemicro. 61 (with 1 Liter solution, muscovite mica and K-feldspar present), and titrates in

up to 100 “moles” of water, with a “mole” of water defined to equal 1 Liter (111.0173631 moles

hydrogen, and 55.50868156 moles oxygen). The tracer is chlorine, initially present at 1.00-107
Molal. It is simple to show that if chlorine does not enter into the minerals, its concentration C
will follow: '

dC = C(~AVeated/Viot) = CT/Co = exp(—AVodsed/Viowl) = . 1)

IN(C/Co) = ~AVustea Vet »

where Cy is the initial concentration, AV,4.q is the added volume of the DISPLACER reactant,
and ¥,y is the fixed volume of the aqueous system.

Figure 1 shows the Molality of chlorine (log scale), plotted against AVase4/V o1t , for the
eg6new calculation with dlzmx2 =0.01 (new_01.64). The plot shows the linear behavior
expected from equation 1; after the system has been flushed ~100 times, the chlorine
concentration has reached extremely low levels, < 107 Molal. Figure 2 shows the difference
between the analytical solution in equation 1, and the results of the eg6new runs, expressed as
% error. For d1zmx2 = 0.01, the error is well under 1%, even after the Cl concentration has
been reduced to ~10~ Molal. This is an extremely harsh test of the flush-through algorithm, for
two reasons: (1) in most cases, eg6new will be used for calculations in which solute
concentrations are buffered by solids in the system, which tends to lower error; and (2) the EQ6
dlzmx2 parameter is based on the sum of reaction progress for all reactants, not just the
displacer reactant. In the new* , €4 test cases, the displacer reactant dominates reaction progress,
so a dlzmx2 of 0.2 implies up to 20% of the system volume can be added (as displacer reactant)
at any time step. When other reactants are present, the maximum amount of a displacer (added
per time step) will typically be substantially less than d1zmx2. Since the errors range from <1%
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' for the case with d1zmx2=0.01, to <9% for dlzmx2=0. 2, the results are within the £10%
criteria established in section 1.4.3 for the independent test cases.

4E+01
1E-02

1E-05 <
1E-08 . l‘s.&‘
1E-11
1E-14
1E-17
1E-20
1E-23
1E-26
1E-29
1E-32
1E-36
1E-38
1E-41
" 1E44
1E-47 ' — - —
0 20 40 €0 80 100 120

System Volumes Displaced (A V4104 / Viotar)

Molality Chlorine

Figure 1. Molality of Chlorine Calculated for Test Case new_01.64, Showing
Exponential Behavior Expected for Conservative Tracer (Note Log Scale on Ordinate).
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Figure 2. Error in Predicted Molality of Chlorine, Relative to Equation 1, for Three
Different Values of the Parameter d1zmx2.

3.2 Comparison with allpost/nxtinput Calculations (Independent Test Case)

The eg6new results may also be compared against calculations made with the allpost and
nxtinput programs ’. The allpost/nxtinput programs consist of & series of C and/or
batch-language drivers that chain together many separate EQ6 runs, to simulate the flush through
system. Within each EQ6 run, J-13 water and other reactants are added to the system; between
successive EQ6 run, the amount of water and solutes in the system is adjusted to maintain an
approximately constant volume of one thcr The allpost/nxtinput method has been
verified by independent hand calculations ?, and the codes have been ported to the PC'’.

A calculation for degradation of WPs, containing Fast Flux Test Facility (FFTF) fuel, provides a
comparison between egénew and the PC version of allpost/nxtinput. The calculation
begins with first-stage runs FO1_2204 .64 and FO1_2204_alln. 61 for eqénew and
allpost/nxtinput, tcspectlvely (these files are in the supplementa! electronic media). In
the first stage, J-13 water is reacted with the HLW glass and steels outside the DOE Spent
Nuclear Fuel (SNF) canisters, at & high drip rate (0.5 m*/year into a package with ~6 m’ of void
space), for a period of ~3770 years. The package void volume is flushed ~324 times in this
process, removing much of the alkalinity in the glass. In the second stage (file FO1_2202.6i
for eg6new, FO1_2022_alln.6i for allpost/nxtinput) the J-13 water dnp rate into -
the packagc is reduced to 0.015 m®/year, and the SNF canister is “breached”, allowing the fuel
and remaining components to interact. The package is flushed through with J-13 water
corresponding to a minimum of 400 times the package volume. This is a harsh comparison,
since there is plenty of opportunity for the two methods to lose synchronicity between the two
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stages, as the two methods choose steps sizes differently, and the calculation involves tens of
thousands of eqé time steps. (eg6new tends to pack more time steps into regions where
concentrations change rapidly, to minimize errors and provide greater coverage of “interesting”
areas of the calculation, where solid minerals are forming or disappearing.)

Figures 3 through 6 compare the Gd, pH, U and Pu aqueous concentrations calculated by the two
methods, for the second stage. The continuous line indicates the eg6new results, and the black
x's denote the results obtained with allpost/nxtinput. The agreement between the two
methods is excellent, despite the choice of very different time steps. For the plots with a linear
concentration scale, the disagreements between the egénew and allpost/nxtinputpeak
concentrations are less than 5%, again within the +10% criterion established in section 1.4.3.
The pH range in figure 4 (5.4 < pH < 7.65) is typical of expected repository conditions.

2.5E-02

2.0E-09

1.5E-09

Gd Molal

1.0E-09

5.0E-10

0.0E+00 :
1 10 100 1000

1000s Years

Figure 3. Comparison of eg6new. for Calculations for Gd Molality (Continuous Line)
and allpost/nxtinput Results (Crosses).
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75

6.5

pH

w1

100 1000
1000s Years

Figure 4, Comparison of egénew. for Calculations for pH (Continuous Line) and

allpost/nxtinput Results (Crosses).
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6.E-07

5.E-07

4.E-07 ' j

3.E-07

U Molal

2.E-07

1.E-07

0.E+00 ~ T .‘J

1 10 100 1000
1000s Years

Figure 5. Comparison of egénew. for Calculations for U Molality (Contindous Line) and
allpost/nxtinput Results (Crosses).
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1.0E-04
1.0E-05
1.0E-06
1.0E-07 _ > Zi
1.0E-08 _

1.0E-09
1.0E-10
1.0E-11

1.0E-12

1.0E-13 — T
1 10 100 1000

41000s Years

Pu Molal (log scale)

Figure 6. Comparison of egénew. for Calculations for Pu Molality (Continuous Line)
and allpost/nxtinput Results (Crosses).

3.3 Comparison against Standard EQ6 Benchmark Suite

In sections 3.1 and 3.2, it was shown that the added code correctly produces a solid-centered
flow-through calculation. However, it is important to show that the added code does not
interfere with any other functionality of EQ6. To show that there is no interference, the standard
EQ6 test suite can be run for both the modified code (eg6new. £or) and the standard version of
eq6 . £or from the EQ3/6 version 7.2b distribution. The output files from the two codes are
then compared and checked for differences. To minimize differences that might result from
changes in compiler libraries and optimization strategies, both eq6new. for and eq6.for
(and the corresponding libraries eqlibnew. for and eqlib. for) were recompiled with the

exact same options and same version of the Lahey compiler (Lahey LF90 Version 3.5). The
compiler command lines were:

LF90 eqgbnew.for eqlibnew.for -pack ~bind -tp
-LF90 eg6.for eqglib.for -pack -bind -tp

where the ~tp switch optimizes for the Pentium, -pack compresses arrays to minimize the
executable size, and -bind attaches the 32-bit DOS extender to the executable. Seventeen
standard EQ6 test cases were run: DEDOLO. 64, HEATQF.6i, J13WSF.6i,
J13WIUFF.61i, METHANE.6i, MICRO.6i, MICROFT.6i, PPTCALA.6i,

14
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PPTQTZ.64, PPTQTZA.€1i, RWTITR.6i, EVSWGYHA.6i, CALHAL.6i,
FWBRMIX.6i, GYPNACL.6i, GYPSUMB.6i,and CRISQTZ.6i. The comparison uses
the MS-DOS £c (file compare) command (the concatenated difference files from fe are given in
in Attachment I1I). In brief, the £c comparison found no differences between each set of files,
other than the expected differences in date, dimensioned array sizes, version name (“Pentium” '
vs. P5), and the header added by the hwsdis routine. The numerical difference of 0% is within
the 1% acceptance criterion established in section 1.4.3. Thus the added flow-through mode
appears to have no effect on the normal functionality of EQ6.

3.4 Test of Output from hws4io and bwstxt Subroutines

This test uses the tab file micro. 6t (created by EQ6 test case micro. 61), and compares the
results against the files created by the added subroutines hws4io end hwatxt: files hwsdata,
elem_aqu.txt,elem min.txt,elem m a.txtand elem_tot.txt. The elemental
concentrations (Molality) of the aqueous phase were extracted from hwsdata with the PP
program®, version 1.10, and saved by PP &s tab-delimitéd text. Table 1 shows the comparison of
the hws41o/PP results with those frommicro. 6t, for the same set of time steps; the
agreement is excellent (PP saves one more significant digit). The slight differences arise from
the lower precision saved by EQ3/6 in creating tab files (this difference is most obvious for zi
and pH values). In addition, the EQ3/6 tab file (micro. 6t) saves logio(Molality) to 4 places
only, and additional error is created on performing the 10'81°M!i) gheration to obtain true
Molality. Figures 7 and & show the PP output as imported into Excel, with the results from
micro. 6t superposed; figures 9 and 10 are the corresponding plots produced by PP, after
importing the micro. 6t results into PP. The correspondence between the two figures is
obvious. In effect, this comparison also validates the use of PP version 1.10 to extract data from
" the hwadata file. :
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[Table 1. Comparison of zi, pH, Concentrations and (Molality) from

micro. 6t File vs. hws4io Output Imported into Excel 97,

Zi (6t) Zi (PP) pH (61 pH (FP) Al (6t) Al (PP)
0.00000E+00 | 0.00000E+00 | 4.00000 4.00000 | 1.00000E-12 | 1.00000E-12
1.00000E-08 | 1.00000E-08 |  4.00020 4.00017 | 1.00000E-08 | 1.00010E-08
1.00000E-07 | 1.00000E-07 | 4.00170 4.00168 | 1.00000E-07 | 1.00001E-07
1.00000E-06 | 1.00000E-06 | 4.01710 4.01713 | 1.00000E-06 | 1.00000E-06
7.13400E-06 | 7.13403E-06 | 4.13870 | 4.13867 | 7.12853E-06 | 7.12853E-06
1.00000E-05 | 1.00000E-05 | 4.14820 4.14817 | 6.69268E-06 | 6.69203E-06
5.86000E-05 | 5.86016E-05 | 4.41140 441144 | 1.20365E-06 | 1.20357E-06
8.78100E-05 | 8.78119E-05 | 4.88490 4.88494 | 6.93426E-08 | 6.93458E-08
1.00000E-04 | 1.00000E-04 | 5.92940 $.92945 | 1.22321E-09 | 1.22300E-05
1.01900E-04 | 1.01897E-04 736760 736762 | 4.33311E-09 | 4.33357E-09 |
1.49600E-04 | 1.49576E-04 | 1.36660 | 7.36657 | 2.94781E-09 | 2.94772E-09 |

Ci(6) ~Ci(PP) K (61) K (PP) Si(61) ST(PP)
1.01158E-04 | 1.01163E-04 | 1.00000E-12 | 1.00000E-12 | 1.00000E-12 | 1.00000E-12
1.01158E-04 | 1.01163E-04 | 1.00000E-08 | 1.00010E-08 | 2.99985E-08 | 3.00010E-08
[TTOT158E-04 | 1.01163E-04 | 1.00000E-07 | 1.00001E-07 | 2.99985E-07 | 3.00001E-07 |
1.01158E-04 | 1.01163E-04 | 1.00000E-06 | 1.00000E-06 | 2.99985E-06 | 3.00000E-06
T.01158E-04 | 1.01163E-03 | 7.13346E-06 | 7.13402E-06 | 2.14042E-05 | 2.14021E-05
1.01158E-04 | 1.01163E-04 | 1.00000E-05 | 9.99999E-06 | 2.99985E-05 | 3.00000E-05
1.01158E-04 | 1.01162E-04 | 5.86003E-05 | 5.86013E-05 | 1.75711E-04 | 1.75691E-04
1.01158E-04 | 1.01162E-04 | 8.78213E-05 | 8.78115E-05 | 1.75711E-04 | 1.75692E-04
1.01158E-04 | 1.01162E-04 | 1.00000E-04 | 9.99995E-05 | 1.99986E-04 | 2.00000E-04
| T.01158E-04 | 1.01162E-04 | 1.01906E-04 | 1.01896E-04 | 2.03798E-04 | 2.03798E-04
1.01158E-04 | 1.01162E-04 | 1.02141E-04_ | 1.02142E-03 | 2.98951E-04 | 2.98976E-04 |
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o X

logie{Molality)
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E‘ £ Al
'-9 T T

0 0.00005 - 0.0001 0.00015 ~0.0002
Reaction Progress (zi)

Figure 7. Excel 97 Comparison Plot of Elemental Concentrations. Solid Lines: hwsdata
File Imported into PP v1.10, Exported as Tab-Delimited Text, Then Imported into Excel
97. Discrete Markers: EQ3/6 Tab File micro. 6t, Imported into Excel 97.
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0 0.00005 _ 0.0001 0.00015 _ 0.0002
Reaction Progress (zi)

Figure 8. Excel 97 Comparison Plot of pH. Solid Lines: hwedata File Imported into PP
v 1.10, Exported as Tab-Delimited Text, Then Imported into Excel 97. Discrete
Markers: EQ3/6 Tab File micro. €t, Imported into Excel 97.
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PWD=C2\EO\TEST11™1 Femicrobt 000/ Wnicrobt ,000 DB=datel.com.R2 MachineID=9376 11-18-98 12:37
£06 trput File names micro.61 BIN=micro.bin PPVER=1.10

. I SVURENE AN SRR I TP NPT BEPUIPr I

log|g(molal Elements)

T T S S |

0 Sc-005 0.002! 0.00215 = 0.020
Reaction progress

Figure 9. PP Comparison Plot, Elemental Concentrations. Solid Lines: hwsdata File

Imported and Plotted in PP v 1.10. Discrete Markers: EQ3/6 Tab Filemicro.6t,

lmportcd into Excel 97, Then Exported as Tab-Delimited Text, Then Imported and Plotted
in PP. Compare to Figure 7.
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PUD=CAEDNTESTI1™1 OF=microbt 201 /Ainicrobt 03] DB=datal.con K2 MachineID=9976 11-18-98 12:38
E05 tnput f'1le names micrc.Bi BIN=aicre.bin PPVER=].10

6. N | [ P ] - [ ] JEPEET | -

7.5 pH -

7 ]

6.5': E

T . 6] . i
Q_ .

] ;

4:...,,...,ﬁ.. — .,,........,rf..v...F

e 5e-005 0.0001 0.02215 0.0022

Reaction progress

Figure 10. PP Comparison Plot, pH. Solid Lines: hwsdata File Imported and Plotted in
PP v1.10. Discrete Markers: EQ3/6 Tab Filemicro. 6t, Imported into Excel 97, Then
Exported as Tab-Delimited Text, Then Imported and Plotted in PP. Compare to Figure 8.

Table 2 gives the elem_aqu. txt file created by the hwstxt subroutine; comparison against
the results in Table 1 shows good agreement. Table 3 compares the calculation of mineral
volumes in elem_min.txt against themicro. 6t tab file results (called “ce cre” in the
micro. 6t file). Again, the agreement is good.
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Table 2. Portion of elem_aqu.txt File (Compare Against Table 1).

This x1s file gives MOLES in aquecus phase
data0.com.R2
|EQ6 input file names= micro.€i
|Descriptions *Microcline Qissolution in pH 4 HC1"

Years
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

" 0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

o]
§.5508E+01
S5.550BE+01
§.5508E+01
S.5508E+01
S.5508E+01
5.5509E+01
S .S509E+01
5.5509E+01
S.5509E+01
S.5509E+01
5.5509E+01

zi
0.0000E+00
1.0000E-08
1.0000E-07
1.0000E-06
7.1340E-06
1..0000E-0S
5.8602E-05
8.7812E-0S
1.0000E-04
1.0190E-04
1.4958E-04

Al
1.0000E-12
1.0001E-08
1.0000E-07
1.0000E-06
7.1285E-06
6.6920E-06
1.2036E-06
6.5346E-08
1.2231E-09
4.3336E-09
2.9477E-09

pH
4.0000E+00
4.0002E+00
4.0017E+00
4.0171E+00
4.1387E+00
4.1482E+00
4.4114E+00
4.8849E+00
5.9294E+00
7.3676E+00
7.3666E+00

Cl
1.0116E-04
1.0116E-04
1.0116E-04
1.0116E-04
1.0116E-0¢4
1.0116E-04
1.0116E-04
1.0116E-04
1.0116E-04
1.0116E-04
1.0116E-04

Eh
-9.9500E+02
=9.9300E+02
-9.9900E+02
-9.9900E+02
~9.9900E+02
-9.9900E+02
-9.9900E+02
-9.9900E+02
-9.9900E+02
-9.9900E+02
-9.9900E+02

H
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02
1.1102E+02

£02
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

) <
1.0000E-12
1.0001E-08
1.0000E-07
1.0000E-06
7.1340E-06
1.0000E-0S
5.8602E-05
8.7812E-05
1.0000E-04
1.0190E-04
1.0214E-04¢

IonStr
1.0116E-04
1.0118E-04
1.0144E-04
1.0396E-04
1.2069E-04
1.1946E-04
1.0423E-04
1.0130E-04
1.0119E-04
1.0194E-04
1.0219E-04

si
1.0000E-12
3.0001E-08
3.0000E-07
3.0000E-06
2.1402E-05
3.0000E-0S
1.75€9E-04
1.7569E-04
2.0000E-04
2.0380E-04
2.9898E-04

Table 3. Comparison of Mineral Volumes from
elem min.txtandmicro.6t (TabFile).
=3 Minerals Volume Minerals Volume

(Reaction (cm®) from (em®) from
Progress) elem min.txt micro.6t

0.0000E+00

0.0000E+00

0.0000E+00

1.0000E-08

0.0000E+00

0.0000E-+00

1.0000E-07

0.0000E+00

0.0000E+00

e

1.0000E-06

0.0000E+00

0.0000E+00

7.1340E-06

9.7645E-08

9.7640E-08

1.0000E-05

5.8749E-05

5.8750E-05

5.8602E-05

pere—

1.0230E-03

1.0230E-03

8.7812E-05

4.3661E-03

4.3660E-03

1.0000E-04

4.9759E-03

4.9760E-03

1.0190E-04

5.0702E-03

5.0700E-03

1.4958E-04

1.0873E+02

2t

1.0870E+02
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4.0 INSTRUCTIONS FOR USING NEW SOLID-CENTERED FLOW-
THROUGH MODE

The simplest way to use the new functionality is to modify an existing EQ6 input file. The
existing EQS$ input file should represent a system with 1 Liter of aqueous solvent. The
displacing solvent (e.g., J-13 water) is added as a reactant, described by either jcode= §
(Wolery or W format files), or “| reactant type | DISPLACER” (DavelarorD
format files). The composition of the displacer reactant is defined so that 1 “mole” of the
reactant corresponds to the initial volume of aqueous solvent in the system (1 Liter, in this case).
The dlzmx2 parameter should be set to 0.2 or lower (see section 3.1). When the input file is
run, the system aqueous volume will stay approximately constant. The rate at which the system
is flushed will be determined by the rk1 (in the EQ6 input file) for the DISPLACER (or
jcode= S5)reactant. The filesnew_01.6i,new_l1.6i,new_2.6i and FO1_2022.6i

can be used as examples to set up a calculation. (Note the file FO1_2022_alln.é64i is for the
allpost/nxtinput formalism, and is NOT to be used with the ¢ dlsplacer mode.)

If the results of the calculation are to be “picked up” to begin & new run, the jcode= S notation .
(W format) or “| reactant type | DISPLACER” (D format) must beresetinthe -

pickup file.

An egénew run produces five files, in addition to the files produced by the LLNL distribution
of EQ3/6. These files are called: elem aqu. txt, elem_min.txt,elem m a.txt,
elem_tot.txt,and hwsdata. The four “elem” files are easily pulled into Excel
spreadsheets (Excel versions 5.0 through Excel 97) by two methods: (1) use the Excel File
“open” dialog, specify text file, then select “delimited”, “tab-delimited”, then select “finish™.
This first process creates a new Excel workbook. (2) Alternatively, each “elem” file can be read
into a separate sheet of an existing Excel file with the following procedure: (a) open an existing
Excel file with 4 blank sheets; (b) open each “elem” file in an ASCII text editor, such as
WordPad; (c) in the text editor, use the “Edit — Select All” dialog to mark the entire file; (d) type
Ctrl-C (or use the editor “copy” dialog; either process copies the entire file to the windows
buffer); (e) place the cursor in the upper left comer of a blank Excel sheet; (f) type Ctrl-V (or use
the Paste dialog); (g) repeat for each clem file, using a blank sheet in Excel. The hwadata file
can be read with & program such as PP%; the format of the hwsdata binary is given in the PP
manual.

The elem_*. txt files all have similar format. For example, the elem_aqu. txt file
contains & descriptive header, then a block of (6+N) columns by nstep rows, where N is the
number of elements in the system, and nstep is the number of time steps selected for output (the
hwetxt routine prints a step at each EQ6 print point, thus it typically prints about every tenth
step, with higher step densities in time intervals that have rapid chemical changes). A small
portion of a typical elem_aqu. txt file is below; the first line is a reminder of the file content;
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the second records the thermodynamic database used for the calculation; and the 3™ and 4" give
the first two lines of the input file, to identify the source of the calculation.

This xls file gives MOLES in aqueous phase
datag.nuc.R8
|BQ6 input file name= FO01_2022.64 |
|Descriptions React J-13 water with metals in an FFTIF waste package. | .
Years i PR Eh £02 IenStr [+) A3 Al
" 3.7637E+03 3.7611E+02 €.0328E+00 8.621SE-01 2.0999E-01 12.2770B-02 S.5524E+01 1.4914B-06 1.3484E-06
3.7637E+03 3.7611E+02 6.0328E+00 8.6215E-01 2.0999E-01 1.2770E-02 5.5524E+01 1.4914E-06 1.34%0E-06
3.7679E+03 3.7616E+02 5.!859i+00 8.7084E-01 2.0999;-01 2.487SE-02 5.S5536E+01 1.5863E-06 3.4303E-06
3.7883E+03 3.7642E+02 5.6844E+00 8.8277E-01 2.0999E-01 8.1151E-02 5.5SS92E+01 1.8S09E-0O6 1.6833E-05
3.8124B+03 3.7673E+02 S5.S955E+00 8.8803E-01 2.0999E-01 1.4433E-01 5.565¢E+01 2.0385E-06 1,9482E-05

The first six columns give the Years, reaction progress variable (zi), pH, Eh, fO, and ionic
strength; the remaining columns give the moles of each element in the aqueous phase.

A small portion of an elem_min. txt file is shown below. The format is similar to the format
for the aqueous phase, but this table contains (4+N) columns; note the 4® column is an estimate-
of the total volume of minerals. The volume estimate excludes any fictive “fixed fugacity”
minerals (which have zero molar volume anyway), and excludes any phase whose reported molar
volume is between 499.9999 and 500.0001. The latter exclusion reflects the fact that the EQ3/6
databases currently assign a molar volume of 500.0000 cm® for phases whose molar volume is .
unknown. Note the oscillating, very small molar amounts for boron (B); these are rounding
errors, and there is probably no real boron in the minerals. These small errors occur because the
elemental composition of the minerals is obtained by starting with the EQ3/6 mte array, then
subtracting out the contributions from fictive fixed fugacity “minerals”, then subtracting out the
aqueous phase array mteaq.

MOLES in minerals slone

data0.nuc.R8

|BQ6 input file name= FOl_2022.61

|pescriptions React J-13 water with metals in an FFTF waste package.

Years zi pH VolMinerals(cc) O Ag Al B
3.7637E+03 3.7611E+02 6.0328E+00 7.01S2E+02 9.2557E+01 1.07S0E-02 1.8969E+00 0.0000E+00
3.7637E+03 3.7611E+02 6.0328E+00 7.0152E+02 9.2557E+01 1.0750E-02 1.8969E+00 0.0000E+00
3.7679E+03 3.7616E+02 S5.8859E+00 7.0136E+02 $.2633E+01 1.0750B-02 1.8969B+00 S.0822E-21
3.7883B+403 3.7642E+02 S.6844E+00 7.00S4E+02 9.3001E+01 1.07S0E-02 1.8369E+00 0.0000BE+00
3.8124E+03 3.7673E+02 5.59SSE+00 €.9959E+02 9.3435E+01 1.0749E-02 1.8969E+00 2.S411E-20
3.8137E+403 3.7674E+02 5.5919E+00 6.9959E4+02 9.3445E+01 1.0749E-02 1.8969E+00 1.2096E-18
3.8374E+0) 3.7697E+02 S.5401E+00 6.9966E+02 9.3620E+01 1.0749E-02 1.8968E+00 6.7763E-21

A portion of the elem_tot. txt file is shown below. This file also contains (4+N) columns,
but with several important differences. First, the aqueous component is included (though the
fictive fixed fugacity “minerals” have been subtracted out). Second, the elemental contents of =
the remaining “special reactants” (but not the DISPLACER reactants) have been included in the
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sum. The special reactants are not part of what EQ3/6 defines as the equilibrium system, but are
typically used to represent package materials, such as steels, glass and fuel. Consequently,
adding in the special reactants allows a check of the total amount of loss of fissile materials and
neutron absorbers, as & function of time, and serves as an easy metric for criticality calculations.
The VolSolids (cc) column gives an estimate of the volume of total solids in the system,
including minerals and special reactants. For this estimate to be accurate, real values of vreac
must be included for each solid special reactant specified in the input file. In this case, the input
file (FO1_202.61) specified 0.0 for the vreac, so the calculated volume of solids is the same
as the calculated volume of minerals from the previous example.

MOLES in minerals, aqu & special react

data0.nuc.R8

|BQ6 input file names F01_2022.61

|Descriptions React J-13 water with metals in an FFTP waste package.

Years =i pH VolSolids{cc) O Ag AL B
3.7637E+03 3.7611E+02 6.0328E+00 7.0152E+02 1.4842E+02 1.0752E-02 1.896%E+00 1.2386E-05
3.7637E+03 3.7611E+02 6.032BE+00 7.0152E+02 1.4842E+02 1.0752E-02 1.8969E+00 1.2386E-0S
3.767SE+03 3.7616E+02 5.8859E+00 7.0136E+02 1.4848E+02 1.075&3-02 1.8969E+00 1.238€E-05
3.7883E+03 3.7642E+02 S5.6844E+00 7.0054E+02 1.4878E+02 1.0752E-02 1.8969E+00 1.23!6!-65
3.8124E+03 3.7673E+02 $5.5955E+00 €.9959E+02 1.4912E+02 1.0751E-02 1.8969E+00 1.2386E-05
3.8137E+03 3.76€74E+02 $.5919E+00 6.9959E+02 1.4914E+02 1.0751E-02 1.8969E+00 1.2386E-05 -

" 3.8374B+03 3.7697E+02 5.5401E+00 6.9966E+02 1.4942E+02 1.0751E-02 1.8969E+00 1.2386E-05

The elem m a.txt file is similar to the three described above, except it contains elemental
information for the sum of the minerals and aqueous phases.
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5.0 RECOMMENDATIONS

5.1 Software Elements Validated
This SQR tested the addendum to EQ3/6 version 7.2b, which adds the capability to run the solid-
centered flow-through mode in a single calculation (that is, with out the need to chain multiple
EQ6 runs). The solid-centered flow-through mode was validated through the tests described in
sections 3.1 and 3.2. In section 3.3, it was shown that the addition of this new mode did not alter
" the pre-existing functionality of EQS6, for the 17 *“, 61” test cases provided in the LLNL
distribution of EQ3/6 version 7.2b. These 17 test cases exercise the B-Dot and Pitzer activity
corrections, kinetic and non-kinetic modes, temperature jump calculations, titrations, and closed
and open systems. The test cases do not exercise every conceivable combination of rate laws
and solid solution models in EQ6, but the tests are quite comprehensive. No software limitations
were discovered in the process of running the test cases (section 3), apart from the '
recommendation that the parameter d1zmx2 be kept < 0.2 when the DISPLACER mode is in
use.

5.2 Software Elements Not Validated
All elements and components for running EQ6 reaction path calculations were validated.

5.3 Recommendations for Software Qualification

The EQ3/6 version 7.2b software is transferred to the M&O from LLNL. LLNL has performed
an extensive validation of the EQ3/6 version 7.2 software, and has qualified the code for use in
the Yucca Mountain Project. The changes described in this addendum do not affect the existing
capabilities of EQG, and have been shown to implement correctly the solid-centered flow-
through mode. Therefore, it is recommended that this software addendum be qualified for use by
the Waste Package Operations and Performance Assessment groups at the M&O to calculate the
degradation of waste package (WPs) in water.
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Attachment I: Source Code Changes

Changes to File eqg6 . for (to Create eg6new. for)

For each change listed below, several lines of the unchanged code are included to allow the programmer
to find the proper position in the program and subroutines.

1. Header comments added:
c eqgb )
program eqé
cr*++++ Comment Header Block from E.W. Stockman wewwwikwws
11-7-98 add hwsdis to display notice of alterations.
10-19-98 increase # special reactants from 10 to 12 for FFTF.
7-5-98 for M&O-type use, replace modr(} with morr()
7-4-98 increase kpar from S0 to 110
Clean re-build of source, from that
obtained from T.J. Wolery (via SCM), to include these options:
(1) Denote with hws## : output to create hwsdata file,
to be used by PP postprocessor. Does not alter any
data or program flow in original EQ6 algorithms. A
new subroutine, hwsd4ioc, has been added, but this
routine merely outputs, and does not alter, extant
egé data.
Also include: write statements to print step
number, time (when in time mode), and minerals or
solid solutions in the system whenever an assemblage
changes. The purpose of these write statements is to
better inform the user about the status of the program,
to allow the user to terminate a stalled run or to
allow the user to estimate the time to completion.
Also: alter rtcalc to pass nhydr for hws4io use.
Also: call hwsdis to print M&O-specific disclaimer.
CEsnnErRrssEcaSEESn = EEEEEEEESEEEEENEEEESEE
(2) Denote with plc : Changes suggested by Paul Cloke,
specifically to array sizes and minor write statements,
to allow for larger numbers of special reactants and
species. These changes do not affect existing
algorithms or data flow, and are:
In file eglib.for, subroutine initim, the data statement for
the number of days in each month was corrected; a&s supplied
this statement showed 31 days in November and 30 for December.

(o I o 2O » TN » T o T o TN o TN o TN o TN T o 2NN o TN o T o O o N o IO+ B o IO ¢ B 0 Y o }

Globally, in both the eg6.for and eqglib.for files, the
dimensions were increased for four arrays. The dimensions are
changed though parameter statements; specifically the following
parameters were changed.

(A) The parameter nstpar (maximum number of aqueous species)
was increased from 800 to 2000. This change also required a
change in format statement 2030 of subroutine echoz in

. eg6.for, to permit proper printing of the changed array
dimension.

(B) The parameter nxmdpa (maximum number of species/reactions that
can be affected by the suppress/alter options) was increased

nooanoocanoanonooaonoaaaaoaan
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from 20 to €0.

{(C) The parameter nrctpa (maximum number of specified reactant
species) was increased from 25 to SO.
(D) The' parameter nsrtpa {(maximum number of special reactant

species) wag increased from $ to 10. 10-19-98: 10 to 12.

c-.-----'--’---.'.------.-------..---..‘.-------.-.---.---.--.

¢ (3) Denote with hws!! : changes for flow-through, rock-

c centered mode. This mode is signaled by jcode of S.
These changes are active only when jcode § is specified.
The specific changes required for this mode are summarized
here:

------ Begin summary specific changes, jcode § flow-through------

Global change: add jhws(nrctpa) to eqére.h, by replacing all
"jeode (nxrctpa) ,® with "jcode(nretpa),jhws (nrctpa),\n g
vhere the '\n' represents a new line (carriage return)
inserted manually.

Change to subroutine reacts: add block to elseif that starts
after label 53 and ends with line 43. Add egémta.h common so
we can reference mteaq.

Changegs to subroutine rdérea: wherever "jcode(nrct) =" appears in
old code, add "jhws(nrct) = 0"; and add the block
starting "else if (uheader.eq.'DISPLACER'®" to include case for
READ uvalue(2).eq.'S', which will reset jcode to 2 and set jhws
to 1...

NOTES: the "displacer" type of reactant is indicated with
*DISPLACER" in Daveler format, and with a pseudo jcode of §
in Wolery format. Internally, the W format pseudo jcode of S5
is reset to 2, and the corresponding jhws flag is set to 1.
Thus this type of reactant is treated as & normal special
reactant everywhere except where jhws is tested -- currently
that is only in the subroutine reacts.

NOTE: to get true continuum mixing, it is important to
adjust the dlzmxl and dlzmx2 params in the input file
8o that no step will be larger than about 20% of a "mole"
of the displacer reactant, and a "mole"” of the displacer
reactant should comprise 1000 grams if 1000 grams of initial
solution are to be displaced.

------ End summary specific changes, jcode 5 flow-through-==----
crs++*x% END Comment Header Block from H.W. Stockman ##*#i*

Csmsmw ORIGINAL YMP HEADER BELOW €-95-98 s==ssas

c

c YMP Configuration Item Identifier: EQ3/6-V7-EQ6-SRC-R137

c Last revised 10/11/95 by TJW

[

2 Globally, the jhws array is added to this header block:

anoaoaaa

naoaon

(o o o o T N ¢ o T o o T o o T o o B o o DO o N o B e B e I e D e D e Do D e D )

c eque h
common /egére/ mwtrc{nrctpa),vreac(nrctpa),morr (nrctpa),
$ modr(nrctpa) ,mecor (nrctpa) ,morrs (nretpa) ,modrs (nretpa),
$ zircts(nrctpa),zirct(nrctpa),rxbar(iktpar,nxrtpa),
- § rxbarb(iktpar,nxrtpa),cesrb{nctpar,nsrtpa), cesr(nctpar,nsrtpa),
$ jreac{nrctpa),jcode(nrectpa), jhws (nxrctpa),
$ nrndex(nrctpa),nxridx(nxrtpa)

[..]
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3. In program eq6 (main program), add hwsdis to print notice that this is a modified eq6:
call prendi (noutpt,nttyo)
c hwsii# 11-7-98 add notice of modification (1 line below).
call hwsdis (noutpt,nttyo)
' [..']

4. In program eq6 (main program), add call to rtcalc:
call rsatch(qreq)
c hws## alter 1 line below: pass nhydr to rtcalc
call ‘rtcale (nhydr)
endif
gftpr2=.false.
c
c * & & * * & ¥ * * ok F kN R F F R F N X R Rk F XN TN

[+

[...]
5. In program eq6 (main program), add 2 lines:

c LN SN NE NN NN UL JNE JNE JNN NN JNE 2R JNE JNE JNE JNE JNE K JEE JNE BEE JER JEE JEE ZEE K R BN BN BEE 2N I

call scripz(iopg2,nhydr,nchlor,ghydth,gftpr2)

call routine path to trace the reaction path.

ao0oan

if (kstpmx.gt.0) call path(axmatr,xbarh,xgkx,csp,nsp,ntpr,
$ nhydr,nchlor,itracx, iebal,nsqmxl, iapxmx, iktmax)

¢ hwsi## write w/ -1 only if there are steps...
call hwsd4io(kstep, xi, xlkeh, nhydr)
if(kstep.gt.l) call hws4io(-1, xi, xlkeh, nhydr)
c

[...]

6. Add entire subroutine, for producing binary output file (this function is not necessary for the

solid-centered flow-through mode):

o4 hws## sEsuz= entire subrouting ssscsssssssszssssssssscsscs

hws4io subroutine to output binary file called hwsdata for

PP postprocessor.

This routine is based on the code published in:

Stockman, H.W. (1994) "PP: A Graphical Postprocessor for the
EQ6 Reaction Path Code”, SAND94-1955, Sandia National Laboratories
(55 pp).

subroutine hws4io(kstep, xxi, xxlkeh, nnhydr)

LI BRI AR IR B AR R R R R AR A IR IR 2R 2R BE 2 R IR

aonoao0acana0

implicit logical(q),integer(i,j.k,n),real*g{a-h,1,m,0,p,r-t,v-2z),
§ character+*s (u)

c -------------------------- R A D G D D D W P D W M W D T S P W D D D YD IR R P oo oee -
parameter (ntitpa=100,iktpar=20, imchpa=4, kpar=110)
parameter (nctpars=100,ndctpas=4,nffgpa=15)
parameter (ngtpar=80, nmtpar=850,nordpa=6)
parameter (nprspas=50,nrctpa=50,nsgpar=200)
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parameter (nsrtpa=12,nstpar=2000,nxmdpa=60)
parameter (nxoppa=10,nxpepa=1S, nxrtpa=12)
parameter (nxtpar=50, iapxpas=12,narxpas=5,ntprpas2)

c .
parameter (nctpalsnctpar+l,nsqgpalsnsgpar+l,nordpl=nordpa+l)
parameter (nrstpasnstpar-nctpar-1)
parameter (nssparsnxtpar*iktpar)

Ceccemcccncnccans S e L L LR L L L L T L LD L

c egéaf.h
common /eg6af/ aff (nmtpar),affx(iktpar,nxtpar),afflcx(nxtpar),
$ newsgt,ksat,kxsat

c -----------------------------------------------------------------------

c egédd.h

common /eg6dd/ azero(nstpar)oslg(nstpar),glgo(nstpar),

. § concinstpar), conclg(nstpar) act (nstpar) ,actlg(nstpar},

$ hydn (nstpar)
c -------------------------------------------------- P Y L L L L T T R Ty
c eqgédzi.h zil is needed here, don't pass zi

common /eq6dzi/ zil,zi2,zi3,tstret,time,dltime,times,timemx,

$ tdays,tyears, tlogs,tlogd, tlogyr griinf
) Crerrrcvmcncrncnennesncsesnerencere s reescrenc e cr e e e E e R e P —
c quff.h ’

common /eq6ff/ xilg,fo2lg,xic,dshmc, shme, fo2

c egégg.h
character*24 uspec,umin,ugas,usolx
common /eq6gg/ uspec(nstpar),umin(nmtpar),ugas (ngtpar),
$§ usolx(nxtpar),uelem{nctpal),uoxide (nctpar)

c
c

c

c tzero = last temp for which tstep was called

c told = temp {c) at previous point of reaction prograess

c tempc = temp (c)

c tempk = temp (k)

c press = pressure, bars

c tempc = temperature (c)

c tempcOd = temp (c) at zil = 0 or time = 0

c tkl, tk2, tk3 = temperature tracking coefficients (see

c routine tstep)

c jtemp = temperature tracking option parameter {see routine
c tstep)

c tdamax = data file nominal upper temperature limit

c tdamin = data file nominal lower temperature limit

c

common /eg6hh/ tzero,told, tempc, tempcO, tempel, tempe2, tempk, press,
$ tkil,tk2,tk3, tdamax, tdamin, jtemp

c -----------------------------------------------------------------------
c egéka.h

common /eg€ka/ iindxl(kpar),jsflag{nstpar), jmflag(nmtpar),

§ jkflag(iktpar,nxtpar),jxflag(nxtpar),jgflag(ngtpar), .

$§ jeflag(nctpar),jflag(nsgpar),ibasis(nstpar),ibswx (nsqpar),

$ gbswx
Coromanssssnmcncancsnnowonsannenecrrnrcrnavcecenw L R R Y R N Y el L XY

c egélm.h 7-5-98 hws## note old 7.2a had lomx(iktpar,nstpar) bug!
common /eqélm/ moss(nstpar),loss(nstpar),momn (nmtpar),
$ lomn(nmtpar),momx(iktpar,nxtpar),lomx(iktpar,nxtpar),
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$ motx(nxtpar),lotx{nxtpar) ,mosst,actlw,xbarlw, xbarw,
$ actlwe,xbrlwec, xbarwe

c -----------------------------------------------------------------------
c egémt.h

common /egémt/ mte(nctpar) ,mtes (nctpar), electr gnochb
c ---------------------------------- TR S D G D L W D s e N T D D D D AT S s e
c egémta.h

common /egémta/ mteag(nctpar),mteagb(nctpar), fuglg(ngtpar),

$§ fug(ngtpar)
Ceerdeecccrscccnccncncaccacwcscsnrnrnererc e e rcrecrreer s e e cce e aee
c egéni.h

common /eqgéni/ nct,nsb,nsbl,nsq,nsql,nst,nrst,nmt,nxt,ngt,nctd
R R L e LR L L TR L L ittt
c egégg.h .
. common /egéqq/ qbad gflag,gdump
CommmcectctccmccmeeremcGcessmcesAmmmscesemceecmmmeeeesemmeecomeSm—eean—-
c egérc.h

common /eg6rc/ nret,nrctmx,nsrt,nsrtmx,nart,nmrt,nxret, nxrtmx,

$ ngrt
c -------------------------------- L R R el L L L T T X R R R R R Y
c egére.h

common /eqére/ wiwtrc(nrctpa),vreac(nrctpa),morr (nrctpa),

§ wodr (nrctpa),moor (nrctpa) ,moxrs (nrctpa) ,modre (nretpa),

$ zircts(nrctpa),zirct{nrctpa),rxbar (iktpar,nxrtpa),

§ rxbarb(iktpar,nxrtpa),cesrb{nctpar,nsrtpa),cesr(nctpar,nsrtpa),

$ jreac(mrctpa),jcode (nrctpa), jhws (nretpa),

$ nrndex(nrctpa),nxridx(nxrtpa)
c

character*24 ureac,uendd

common /eg6rec/ ureac(nrctpa),uendb(iktpar,nxrtpa),

$ uesrb(nctpar,nsrtpa)
c ------- L R R WP N M D D D D D R D D D D D D D ED G P D G D D S D D S T s D P YR R R R GE G S AR D U DD D U R R R A A e
c eglpp.h -

common /eqlpp/ allo, farad,rconst,afcnst,ehfac,volg, om, omly,

§ omi,tcnstl,tenst2
c --------------------------------------------------------------------
c egski.h
’ common /eqgéki/ kct,ksb,ksg,kml,kmt,kxl,kxt, kdim,kmax
c -----------------------------------------------------------------------
c egssi.h

common /egéei/ jet,jst,jrst,jmt,ixt,jgt .
c ----------------------------------------------------- cTeoeeececeoreoeoneceee e
c eqsti h

common /eqgéti/ ntitll,ntitl2,ntitld,ntitmx
c

character*g0 utitll,utitl2,utitld
common /eg6tic/ utitll (ntitpa),utitl2(ntitpa), utitld(ntitpa)
c .................. cToceeeneeReseen D D D G S S A D R D T R D D s e
dimension ihws (nmtpar)
dimension ihit (nmtpar)
c Ibelow 2 statements for solid solution data
dimension ixhws (nxtpar)
dimension ixhit (nxtpar)
c taffmul is 1/afcnst; 2-27-94 add ixplac, etc for sol soln
save ihws,iplace, ixhws,ixplac,nlu,nerr,ictr, affmul
save ihit, ixhit
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data ictr/0/, ihit/nmtpar*0/, ixhit/nxtpar+*0/

if (kstep.eqg.1l) then
affmul = 1./afcnst

c print*, char(7), '+++sdsettibddndehddhyiiits!
iplace = 1
ixplac = 1

c lif the file exists, destroy it

inquire(file='hwsdata’,exist=gex)

if (gex) then
call getlu(nlu,nerr)
open (units=nly,status='o0ld’',file='hwsdata’)
close (unit=nlu, status='delete’)

aaoaanao

endif
c !find an open device
call getlu(nlu,nerr)
c !BEGIN;ﬂACHINE_pEPENDENT_CODE_LAHEY
' open{unit=nlu, access='transparent', statuss'unknown',
& file=thwsdata')
c {END_MACHINE_DEPENDENT_CODE_LAHEY
c |#wwwwsvHeader; logicals implicitly 4bytegwweksn
c lwrite database name size, then name
write{nlu) len{utitld(1)), utitld(1l)
lwrite & descriptive line from input file;
1I£f 'D' format, use second line...
if (utitli(1) (1:1).eq.'|') then’
write (nlu) len(utitli(2)), utitli{(2)
else '
write (nlu) len(utitll(1)), utitli(1)
c endif : ' :
c IEND writing descriptive header
write(nlu) gdump, gnochb
c lwrite number of active...
write(nlu) kect, jgt, jmt, jst, jxt
c IMaster var names ph,eh,fo2,xi,zi,time,tempc, press
c ! not written; assume these in C code...
c IWrite the # reactants and the reactant names
write(nlu) nrct
do 20 i=l,nrct
if(jcode(i) .eq.1) then
write (nlu) usolx{nrndex(i))
else !
write(nlu) ureac(i)
endif
20 continue
. e ~ IWrite names element species minerals for log Q/K, gases
c ..............
do 21 is=l,nct
if (jeflag(i) .gt.0) write(nlu) uelem(i)
21 continue
c --------------
do 22 i=l,nst
if(jsflag(i).le.0) write(nlu) uspec(i)
22 continue
Cr = = @ = = = @« = @« = = = =

do 23 is=l,nmt
if (jmflag(i).le.0) write(nlu) umin(i)
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23 continue
c--;---' ........
c iictr
iictr = 0
do 24 i=1,nxt
if(jxflag(i) .le.0) then
" if(iiectr.lt.jxt) write(nlu) usolx(i)
ijectr & fiictr + 1
endif
24 continue
c --------------
do 25 is=l1,ngt
if(jgflag(i).le.0} write(nlu) ugas(i)
25 continue
c --------------
endif
Coememom= END of EEADER BLOCK--~++cecrcccccccnccnnccas

c A kstep.eq.-1 signals it ie time to write the trailer and close
c the file. In the future, we could close the file with every
¢ step, which would -allow a user to check the status of
¢ a2 long run at any point; but we would have to back up and delete
c the focoter. :

if (kstep.eq.-1) then

c tappend the min names and number of minerals .
if (iplace.gt.1l) write(nlu) (umin(ihws(i)), i=1,iplace-1)

c ) {Last 12 bytes are the # min, # sol soln, and # plot points

c 1Add distinctive tag at end, to check run ended properly

iiitag = 123456789
if(ixplac.gt.l) write(nlu) (usolx(ixhws(i)}, i=1,ixplac-1)
write(nlu) iplace - 1, ixplac - 1, ictr, iiitag
close (nlu)
else
c 111 time display
if(time.gt.0.0) then
write(*,*) 'gtep=’,kstep,' loglO(seconds)=',tlogs
else
write(*,*) 'steps', kstep
endif
Next line (commented out) useful for debugging
write(*,*) t==>nmt,nxt,iplace,ixplac’',nmt,nxt,iplace,ixplac
c iWrite data for this step
ictr = ictr + 1
lcalculate the ph, eh
ph = -actlg(nnhydr)
if (.not.gqnochb) then
eh = ehfac*0.25*({fo2lg - 4.*ph - 2.vactlg(l) - xxlkeh)

aa

else
eh = -999.
endif
c lwrite out the "master" variables; add tempc, press...
write(nlu) ph,eh, fo2,xxi,zil, time, tempc,press
c lwrite out amounts of remaining reactants
c Ichanged from destroyed reactants 7-5-98 for M&O-type use

write(nlu) (morr(i), i=1,nrct)

do 31 isl,nct
if (jeflag(i).gt.0) write(nlu) mteaqg(i)
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31 continue

do 32 i=1,nst
if(jsflag(i).le.0) write(nlu) conc(i)
32 continue
Co = = = @ o o o o 0 e = == the log (Q/K) below
do 33 is=l1,nmt :
if (jmflag(i) .le.0) write(nlu) aff(i)*affmul
33 continue

do 35 i=l,ngt
if(jgflag(i) .le.0) write(nlu) fug(i)
35 continue

¢ the ihws and ixhws arrays track the existence of pure
¢ minerals and solid solutions, respectively; we don't write
¢ data for minerals unless they are in the system.
c lupdate ihws array and write current step data
do 100 is=l,nmt )
if ((jmflag(i) .eq.~1) .and. (ihit (i) .eq.0)) then
ihit(i) = 1
ihws (iplace) = 4
iplace = iplace + 1
endif
100 continue
c lwrite this step's mineral amount data
write (nlu) iplace-1
if(iplace.gt.l) write{(nlu) (momn(ihws(i)), i=1,iplace-1)
C- =~ = = = =« = = = similar for solid sol'ms
c fupdate ixhws array and write current step data
do 200 i=1,nxt
if((jxflag(i).eq.-1) .and. {(ixhit (i) .eq.0)) then
ixhit(i) = 1
ixhws(ixplac) = i
ixplac = ixplac + 1
endif
200 continue
c lwrite this step's sol soln amount data
write(nlu) ixplac-1
if (ixplac.gt.1l) write(nlu) (motx{ixhws(i)), i=1,ixplac-1)
endif
end
c=== END hws## subroutine hws4io = an FOT PSP

o]

7. In subroutine echoz : ,
" ¢ plec change format below to ‘allow printing 4 digits (i4)
write (noutpt,2030) nct,nctmak,kct,nstmax,nst,jst,nrstmx,nrst,jrst

2030 format(/4x,'No. of elements in the data base = ',1i3,/

4x, 'No, of elements dimensiocned for = ',i3,/

4x,'No. of active elements = ',i3,//

7x, 'No. of agqueous species dimensioned for = ',i4,/

7x, 'No. of agueous species loaded = ',i4,/

7x, 'No. of active aqueous species = ',i4,//

10x, 'No. of aqueous reactions dimensioned for = ',i4,/

'10x, 'No. of aqueous reactions loaded = ',i4,/

“trernnnrannan
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$ 10x, 'No. of active agqueous reactions = ',14,/)
write (noutpt,2031) nmtmax,nmt,jmt,ngtmax,ngt,jgt,nxt,nxtmax,jxt

(o]

8. In subroutine modexz, several minor changes for informative screen oﬁtput:

Coceeccermecccesccceecereanmene smeemeeeceeccecemeccsccmmemammamanmm——ne.—-
c
c hws## 1 line below: make it more cbvious where we are
write(*,*) 'sxamss=uaxCHANGING PHASE ASSEMBLAGE-----*--:'
kcol=ksqg
do 15 nm=1,nmt
if (jmflag(nm).eq.-1 .or. jmflag({nm).eq.-10) then
kcolskcol+l
if (kcol.le.kmax) then
iindxl (kcol)=nm
uzvecl (kcol) sumin (nm)
Jmflag(nm)=-1
1xx=lomn (nm)
zvelgl (kcol) =1xx
zvecl (kcol) stexp (1xx)
¢ hws## 1 line below, to show min. assem.
write(#,*%) teccccccea- ', umin(nm), '-cecccecca- '
else
write (noutpt,1005) umin (nm)
write (nttyo,1005) umin (am)

1008 format(/*' * error - (eg6/modexz) Have exceeded the Jacobian',
$ /7x, '‘matrix dimension (kpar) trying to put "',a24,'*’,
$ /7x,'in the equilibrium system.')

endif .
endif
15 continue
kmt=kcol
kmlxksqg+l
if (nxt.gt.0. and. iopt4.gt.0) then
do 25 nxasl,nxt
c hws## 1 line below: add klhws, solid sol'n indicator
klhws = 0
ncpt=ncomp (nx)
do 20 ik=1,ncpt
if (Ikflag(ik,nx).eq.-1 .or. jkflag{ik,nx).eq.-10) then
kcolskcol+l
if (kcol.le.kmax) then
1indxl (kcol)=50000+100*nx+ik
uzvecl(kcol) (1:8) musolx(nx) (1:8)
nm=nend (ik,nx)
if (nm .gt. 0) then
uzvecl{kcol) (S: 2&)-umin(nm)(1 16)
jkflag{ik,nx)=-1
lxx=lomx (ik,nx)
zvelgl (kcol) =1xx
zvecl (kcol) =texp (1xx)
else
kecol=kcol-1
endif
¢ hws## 1 line added below: mark solid sol'n
kihws = 1
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else
write (noutpt,1005) usolx(nx)
write (nttyo,1005) usolx{nx)
endif
endif
20 continue
¢ hws## 1 line below: when changing solid sol'n
if(kihws.eqg.1l) write(*,*)'::::::::::', usolx(nx), '::zzzizzszz®
25 continue
endif
kdim=kcol
kxlskmt+l
kxtekecol

if (kdim.gt.kmax) then
write (noutpt,1015) kdim, kmax
write (nttyo,1015) kdim,kmax
101S format (/9x, 'Needed the matrix dimension (kpar) to be at least ',

§ is,'.')
stop

endif
c

end
[...]
9. In subroutine path, add several calls to output-only functions:
[ e e e D D e L L L T R P T
c : . )
c save information at the current point, compute new finite
] differences, and estimate derivatives at the latest point
c of reaction progress.
c

20 kstep=kstep+1
¢ hws## next line added :
call hws4io(kstep, xi, xlkeh, nhydr)

kstpprakstppr+l
kstppl=kstppl+l
i=kstep-1 '
write (nttyo,2006) kstpze
2006 format(/' * error - (eqf/path) The step size (delzi) has',

$ /7x, 'been zero ',1i3,' times in a row. Stopping execution.')
¢ hweiff next 3 lines; incl. 1 comment:
c write w/ -1 only if there are steps...
call hws4ioc(kstep, xi, xlkeh, nhydr)
if(kstep.gt.l) call hwsdio(-1, xi, xlkeh, nhydr)

stop
endif
) else
2007 format (/' * error - (eg6/path} The step size (delzi) has',
$ /7x, 'not exceeded the minimum value ',i3,' times in a row.',

$ /7%, 'Stopping execution.')
¢ hws## next 3 lines, incl 1 comment:
c write w/ -1 only if there are steps...
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call hwsdio(kstep, xi, xlkeh, nhydr)
if (kstep.gt.l) call hws4io{-1, xi, xlkeh, nhydr)
stop
endif
else
kstpmn = 0
endif

[.Cl]
2017 format(/" * error - (egé/path) Can't recover by going back",
$§ /1x,'to the last point of reaction progress at which',
$ /7x,"calculations were successful. Can't write a pickup file",
$ /7x,'describing the system at that point. Try re-running the',
$§ /7x,'problem, setting the waximum number of steps (kstpmx)',
$ /7x,'to the value which corresponds to that point. Then',
$ /7x,'try restarting the calculation from that point.®,
$ /7x,'Stopping execution.')
## next 3 lines, incl 1 comment:
c write w/ -1 only if there are steps...
call hws4io(kstep, xi, xlkeh, nhydr)
if (kstep.gt.1) call hws4io(-1, xi, xlkeh, nhydr)

stop
endif
c test for sufficient accuracy in integrating the rate equations
c . :
¢ hws## alter 1 line below to pass nhydr

call rtcalc(nhydr)
if (iopti.le.0) go to 1258
if (griinf) then
if (delzi.le.dlzimn) then
write (noutpt,1272)
write (nttyo,1272)
1272 format (/' * note - (eg6é/path) Have made an infinite time ',

[

10. In subroutine rd6rea, add:
call upcase(uvalue(2), uheadr)
if (uheadr.eq.'MINERAL'.or.uvalue(2).eq.'0') then
jecode (nret) = 0
¢ hwsl!l! add 1 line below:
jhws (nrect) = 0
nmrt = nmrt + 1
elge if (uheadr.eq.'SOLID SOLUTION®.or.
$ uvalue(2).eg.'1l’') then
jecode (nrct) = 1
¢ hws!! add 1 line below:
jbws (nrct) = 0
if (nxrt .ge. nxrtpa) then
ierrct = ierrct + 1
write(noutpt, 15) nxrtpa, linect
write (nttyo, 1§) nxrtpa, linect
else ’
nxrt = nxrt + 1
endif
else if (uheadr. eq.'SPECIAL' or.uvalue(2).eq.'2') then
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jcode(nret) = 2
c hwe!! add 1 line below
jhws (nrct) = 0
if (nsrt..ge. nsrtpa) then
ierrct = ierrct + 1
write{noutpt, 15) nsrtpa, linect
write{nttyo, 15) nsrtpa, linect
else
nsrt = nsrt + 1
endif
c hws!! BEGIN new block for displacer-type reactant
else if (uheadr.eq.'DISPLACER'.or.uvalue(2).eq.'5"') then
jeode (nrct) = 2
jhws(nrct) = 1
if (nsrt .ge. nsrtpa) then
ierrct = iexrrct + 1
write (noutpt, 15) nsrtpa, linect
write (nttyo, 15) nsrtpa, linect
elsge
" nsrt = nsrt + 1
endif
c hws!! END new block for displacer-type reactant
elge if (uheadr.eq.'AQUEOUS'.or.uvalue(2). eq.'3') then
jcode(nret) = 3
¢ hwsl! add 1 line below:
jhws (nrct) = 0
nart = nart + 1 )
elge if (uheadr.eq.'GAS'.or.uvalue(2).eq.'4') then:
jcode (nret) = ¢
.c hws!! add 1 line below:
jhws(nrct) = 0
ngrt = ngrt + 1
else
ierrct = ierrct + 1
write(noutpt, 13) uvalue(2), linect
write(nttyo, 13) uvalue(2), linect
endif

[-..]

11.In subroutme reacts, add egémta.h block so one can reference mteagq:
¢ hws!! add eqsmta h block so can ref. mteaqg .

Crecececcncncancnnaa Cemcrercncescccer e ccenen T T T

c egémta.h
common /egémta/ mteaq(nctpar), mteaqb(nctpar) fuglg (ngtpar),
$ fug(ngtpar)

c egébl.h
common cdrs (nsqgpal, nrstpa) cess (nctpar,nstpar) ,cdrst (nrstpa).,
$ store(nstpar)

12. In subroutine reacts, make the change that implements solid-centered flow-through:
¢ hws!! comment out next 4 lines old code
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elgeif (jcode(nrc).eqg.2) then .
do 43 ncsl,nct
mte(nc)amte(nc)+dmodr*cesr(nc nr)
43 continue
hws!t! BEGIN block substitution of above old code
elseif (jcode(nrc).eq.2) then
if (jhwse(nrc) .eqg.0) then
do 43 nc=1,nct '
mte (nc) =mte (nc) +dmodr*cesr (nc, nr)
43 continue
elsge
do 430 nc=1,nct
mte {nc) amte (nc) +dmodr* (cesr (nc,nr) - mteaqg(nc))
430 continue
endif
c hws!! END block substitution

]

13. In subroutine readz: , .
2049 format (3x, 'reactants ',a24,/6x,'jcode= ',i2,15x, ‘Jreac= ',1i2,/
§ 7x,'morrs= ',lpel2.5,6x, '‘modr= ',el2.5)
¢ hwsl! old code: jcode{nrc)«=jdum
c hws!! BEGIN new code block
if(jdum.eg.5) then
Jdum = 2
jhws{nrec) = 1
else
jhws(nrec) = 0
endif
jcode (nre} = jdum
¢ hwsit END new code block

-]

14. Alter subroutine rtcalc to pass nhydr and to close binary file if program sborts:
¢ hwsi# alter rtcalc to pass nhydr
¢ rtecale

subroutine rtcalc{nhydr)

aon0o0a0

c .
¢ this routine calculates the relative and (for ioptl.ge.l) absolute
[...
310 format(* --- actions to be taken- check input ',
§ - 'file for negative rate constants,',/29x,
$ ‘set switch iodb9=2 in the input',//)
¢ hws## next 3 lines, incl 1 comment:
c write w/ -1 only if there are steps...
call hws4io(kstep, xi, xlkeh, nhydr)
if(kstep.gt.l) call hws4io(-1, xi, xlkeh, nhydr)
stop
end if
c

if ( (affr.lt.0. .and. .not.govstp) .and.
$ rrelrl{nrc).gt.0. ) then
write (noutpt,250) ureac{nrc),rreacl (nrc),rrelrl (nrc)
write (noutpt,320)
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320 format (' * error- calculated rate is .gt. 0, but’,
$ ' affinity is .1t. 0 =~---',/" (reactant is °*,
$ ‘dissolving, but it should precipitate) (rtcalc)')

write (noutpt,310)
¢ hws## next 3 lines, incl 1 comment:
c write w/ -1 only if there are steps...
call hws4ic(kstep, xi, xlkeh, nhydr)
if (kstep.gt.1l) call hws4io{-1, xi, xlkeh, nhydr)
stop
end if
endif

[0.0]
15. Add simple routine hwsdis to warn user this is a modified program:

cttt*itt*ttiiiiiittt*i**1t*tt*tfiittitiiii*it*iiiiii**iiiii
¢ hws## 11-7-98 simple routine to print a warning that this
¢ is an altered version of eg6 for M&0O use.

subroutine hwsdis (noutpt,nttyo)

This routine is called by egé.f immediately after prendi and
after the copyright notice ending with *All rights reserved."
The pregent routine writes an additional paragraph concerning
modifications made for the M&0 work, and the version.

anoa0aonoann

write (noutpt,1000)
write (nttyo,1000)
1000 format(' "--------l-----‘-gﬂﬂ;l-.-----B—I-‘---------.-'---"
$ /* THIS IS EQ6ENEW.FOR, AN ALTERED VERSION OF EQ6 V7.2B, ', .
/' R137. The alterations consist of a flow-through mode’,
/* (jcode=S or displacer reactant) and I/0 functions to °*
/' display progress and to produce binary output files. '
/' Contact HWStockman (Harlan_ Stockman@notes.ymp.gov)
/' for more information. EQ6NEW version 1.0, 11-07-58.
/' MEDIA # 30084-MO4-001 for this Addendum only.
/' CRWMS M&O; original document # UCRL-MA-110662.

/' R emeReReNeBcTNcEeScRcE-EeN-EcT-EeS-S-m-me-S-m-mcs-me’ ,/

oo nrnrnn

end

16. Add subroutine hwatxt to create the elem*.txt files. This routine affects only output; since it
is lengthy and similar to hws4io (see change 6), the reader is referred to the electronic
distribution for source code.

Changes to File eqlib. for (to Create eqlibnew. for)

1. In subroutine initim:

c data ndays(1) /31/
c data (ndays({mo), mo = 3,12) /31,30,31,30,31,31,30,31,30,31/
c ple, 2/13/98. Discovered that the number of days for Nov. and
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c Dec. were reversed. Corrected.

CF * * & & * ¥ & % ¥ & F ® F &k ¥ FEEA AR N RR AN F N F NN LR

c .
[ BEGIN PC_DEPENDENT_CODE
com
c hws## adds mon to line below for pp
integer mo,mm,dd,yy,hr,mi, se, hs, mon
integer ndays(12)

[ooo] .
if (mod(yy,4) .eq. 0) ndays(2) = 29
iexecO = dd
¢ hws## change mo to mon-2 and 3 lines below
if (mm .gt. 1) then .
domon = 1, mm -~ 1
iexecO0 = iexecO + ndays(mon)
enddo
endif

]

2. In subroutine runtim:

c BEGIN_PC_DEPENDENT_CODE

com

c hws## adds mon below
integer mo,mm,dqd,yy,iy, hr,mi,se, hs,idays, iexecl, jexecl, mon
integer ndays(12)

[...]
if (mm .gt. 1) then
¢ hws## change mo to mon, both of two lines below
domon =« 1, mm - 1
iexecl « iexecl + ndays(mon)

enddo

endif

jexecl = yy
[l..]
3. In subroutine timdat:
c udate (1:2) = utd{5:10)
c udate(3:5) = utd(5:7)
c udate(6:7) = utd(23:24)
c udate (8:8) = ublank
com . )
c ple, 2/13/98. Appended (1:8) to "utime®
c utime(1:8) = utd(12:19) '
com
c END_UNIX_DEPENDENT_CODE
c
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Attachment II: Test Case Checklist

EQ6NEW FLOW-THROUGH UPDATE FOR EQ3/6 PACKAGE

Pentium PC Test Case Checklist for CPU#
Date

This installation test procedure requires that a previous installation of EQ3/6 exists on the
system, per the instructions in Ref. 9. Itis also assumed that the supplement has been installed
and the egénew. exe binary has been copied to eg6 . exe (in the directory indicated by the
EQ36CO environment variable in the autoexec.bat file), as described in sections 2.2 and
23.1.

If a “NO GO” condition is encountered, contact Software Configuration Management.

1. Verify that directory eg6new contains five supplemental test case files:

Q

GO
_micro.61
_heatqgf.61i
_pptgtza.6i
_fvwbrmix.6i
new_01.61

[TTT]E

The first four of these are identical in content to the micro.61, heatqgf.64, pptqtza.6i,
and £wbrmix. 64 files in the LLNL EQ3/6 7.2b distribution, except the names have been pre-
pended with the underscore character to avoid confusion. The last file (new_01.64)is
specifically designed to test the new solid-centered flow-through mode.

2. Verify that directory eqénew also contains reference output from the five supplemental test

case files:
GO NOGO
_micro.6nw —_—
_heatqgf.énw —_— —
_pptgtza.btnw —_—
_fwbrmix.6nw —_——

new_0l.énw
These outputs were generated with egénew. exe, compiled as described in section 2.2. (The
ending . 6nw is not a standard EQ6 file extension, and is used solely to prevent the reference
files from being overwritten during testing.)
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3. Run the test cases by entering the egénew directory and typing at the DOS prompt:
: GO NOGO
runeqé com _micro.6i
runeqé com _heatgf.6i
runeqé com _pptgtza.6i
runeqgé hmw _fwbrmix.61
| runeqg6 com new_01.61

[T
[T

Note that runeq6 renames the files, created by eg6, based on the input file name. In the case
of the input file_micro.64, the output fileis _micro. 60, the pickup file is_micro.6p, the
tab fileis _micro.6t, and the tabx file is _micro.6tx. Note also that the _£fwbrmix case
must be run with the hmw database.

4. Verify that the following output files now exist in the eg6new directory:

GO NOGO
_nmicro.6o _——
_heatgf.6o —_— —
_pptgtza.é6o —
_fwbrmix.60 —_— ——
new_0l.60 —

5. Obtain and write down the revision numbers for EQ6 and EQLIB, for both the “. 6aw” and
the “. 60" files generated in the eg6new directory. The revision numbers will be found in text .
lines at the top of the output files; the lines will resemble (example for . 60):

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R136-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

In the example above, R13 6 -P5 is the revision number for EQ6, and R168 -PS5 is the revision
number for EQLIB.

Wr_ite the revision numbers for the installation below:

 «6nwfilesin egbnew: .60 files in egbnew :
EQ6:
EQLIB:
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6. Use the DOS £c command to compare the reference output files (. 6nw files) and the . 6o

files in directory eg6new. Enter the egénew directory, then use the DOS f£e command ,
redirecting the output to *. txt files. Type the following at the DOS prompt:
NOGO

0GO

8

cd \egbnew

fc _micro.6nw _micro.6o > _micro.txt

fc _beatgf.6nw _heatgf.6oc > _heatqgf.txt

fc _pptgtza.énw _pptgtza.60 > _pptqgtza.txt
fc _fwbrmix.énw _fwbrmix.6o > _fwbrmix.txt
fc new 0l.6nw new_0l.60 > new_ 0l.txt.

|

7. Examine each output from the £c command (txt file) to verify that the differences between
the reference (. 6nw) and test output (. 60) files are small. Typically the only differences
between the two file sets will be in the dates. Because of slight changes in the implementation of
transcendental functions in successive generations of Intel processors, there may also be small
differences in the last significant digits of the steps sizes and convergence measures.

GO NOGO
_micro.txt —_—
_heatgf.txt —_—
_pptgtza.txt —
_fwbrmix.txt _

new_0l.txt

8. Sign below that the verification test has been completed.

Test Performer - Date
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Software Qualification Report for EQ6 Solid-Centered...

Attachment III: Concatenated £c (File Compare) Outputs for Section 3.3

Tests
fc DEDOLO.6c DEDOLO.6nw dedolo.txt
fc BEATQF.60 EEATQF.é6nw heatgf.txt
f¢ J13WSF.60 J13WSF.6nw J13WSF.txt
fc J13WTUFF.60 J13WTUFF.6nw J13WTUFF.txt
fc METHANE.60 METHANE.énw METHANE. txt
fc MICRO.60 MICRO.6nw MICRO.txt
fc MICROFT.60 MICROFT.énw MICROFT. txt
fc PPTCALA.60 PPTCALA.6nw PPTCALA. txt

fc PPTQTZA.60 PPTQTZA.é6nw PPTQTZA.txt

fc RWTITR.6o RWTITR.6nw RWTITR.txt

fc EVSWGYHA.60 EVSWGYHA.6nw > EVSWGYHA.txt

fc CALHAL.60 CALHAL. 6nw CALHAL. txt

fc FWBRMIX.60 FWBRMIX.é6nw FWBRMIX. txt

fc GYPNACL.6o GYPNACL.énw GYPNACL. txt

fc GYPSUMB.6o GYPSUMB.6nw GYPSUMB. txt

fc CRISQTZ.60 CRISQTZ.é6nw > CRISQTZ.txt
Comparing files dedolo.6o and DEDOLO.6nw

(X132 X2 dedolo.SO .

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQE Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-PS)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

>
>
>
>
>
>
>
>
fc PPTQTZ.60 PPTQTZ.6nw > PPTQTZ.txt
>
>
>
>
>
>
>

(3122 %] DEDOLO.‘nw .
EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7,2b-PC)
EQS Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

[ X223 2 3

wtster dedolo.6o
Run 14:06:41 12/11/%8
*«w*#® DEDOLO.Enw

bt 4 DX L2 T2 L2 L4 LF 2 L. L2 23 2 D L2 £.4 L4 L2 22 0 22 2 14 L2 L4
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and I1/0 functions to
digplay progress and to produce binary output files.
Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for thig Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

kb k Atk

wxurdr dedolo.60
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Software Qualification Report for EQ6 Solid-Centered... Di: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addeadum)

#«ws%% DEDOLO.6nw

Run 13:58:07 12/11/98

thdbhdd

**xdut dedolo.60

No. of aqueous species dimensioned for = 800
No. of agqueous species loaded = 280
No. of active aqueous species = 30

No. of aqueous reactions dimensioned for = 6€%%

No. of aqueous reactions loaded = 200
No. of active agqueous reactions = 22

#*xw«s DEDOLO.6nW
No. of aqueous species dimensioned for = 2000
No. of agqueous species loaded = 280
No. of active aqueous species = 30
No. of aqueous reactions dimensioned for = 1899
No. of aqueous reactions loaded = 200
No. of active aqueous reactions = 22
fiiii*

*evev* dedolo.60

- Start time = 14:06:41 12/11/98
End time = 14:06:45 12/11/98

Run time = 4.06 seconds
User time = 4.06 seconds
Cpu time = 4.06 seconds

w*«rss® DEDOLO.ENW

Start time = 13:58:07 12/11/98
End time = 13:58:11 12/11/98

Run time = 4.01 seconds
User time = 4.01 seconds
Cpu time = 4.01 seconds

khkkkkk

Comparing files heatgf.60 and HEATQF.6nw

*hwddt heatgf.€o

EQ3/€6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5) .
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)
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SCR: LSCRI198
MI: 30084-M04-001 (Addendum)

Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV

et svs HEATOF.ENw

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQE Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

kkkwdkod

*ewes* heatqgf.6o0
Run 14:06:48 12/11/9%8
ddkdedrok KEATQF.an

THIS 1S EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137. The alterations consist of a flow-through mode
(jeodes5 or displacer reactant) and I/0 functions.to

display progress and to produce binary output files.

Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

LI T L L EY TP 2 PSRN X DY R LY LI R4 L T2 T4 B B 2% LX TF T L8

*hkkhd

s*xe+++ heatqf.6o

wawtxs HEATQF.6nw

Run 13:58:13 12/11/98

dhkhhhk

*#k*kk* heatqf.6o0

No. of aqueous species dimensioned for = 800
No. of aqueous species locaded = 351
No. of active aqueous species = 229

No. of aqueous reactions dimensioned for = 6959
No. of aqueous reactions loaded = 271
No. of active agueous reactions = 216

*rrrdd HEATOF.6nw
No. of aqueous species dimensioned for = 2000
No. of aqueous gpecies loaded = 351
No. of active aqueous species = 229
No. of aqueous reactions dimensioned for = 1899

No. of agqueous reactions loaded = 271
No. of active aqueous reactions = 216
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Software Qualification Report for EQG6 Solid-Centered... ' DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

LA 24 L

*wtkr® heatgf.6o0

. Start time = 14:06:48 12/11/98
End time = 14:06:54 12/11/98

Run time = 5.55 seconds
User time = 5.55 seconds
Cpu time = 5.55 seconds

*htdes HEATQF.6nW

Start time = 13:58:13 12/11/98
End time = 13:58:18 12/11/98

Run time = 4.66 seconds

User time = 4.66 geconds
Cpu time = 4.66 seconds

dhkkkkd

Comparing files j13wsf.60 and J13WSF.6nw

wrwxwer §13wsf .60 ,

EQ3/6, Version 7.2b (EQ3/€-V7-REL-V7.2b-EC) ' -
."EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)

Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R16€-PS)

*#axrkest J13IWSF.6nW . :

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQE6 Reaction-Path Code (EQ3/6-V7-EQE6-EXE-R137-Pentium)

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

Tk kkd

**xwww §13wsf.60
Run 14:06:55 12/11/98
wwwkes JIIWSF.Enw

i Dk DJ 24 L2 B3 24 DX EF 2 R F £F L7 P2 o3 DF 23 BF £F EF LF T T8 L3
THIS IS EQENEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcode=5 ox displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQENEW version 12-11-98.

MEDIA # 30084-M0O4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

ko

wkdkdket §13wgf.E0
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
" SCR:LSCRI98
MI: 30084-M04-001 (Addendum)

whkerdd J1IWSF.6nw

Run 13:58:19 12/11/98

et de ek

*wwwwe §13wsf.60

No. of aqueous species dimensioned for = 800
No. of aqueous species loaded = 721
No. of active aqueous species = 645

No. of aqueous reactions dimensioned for = €99
No. of aqueous reactions loaded = 641
No. of active aqueous reactions = 616

*hkevr J1IWSF.6nw
No. of agqueous species dimensioned for = 2000
No. of aqueous species loaded = 721
No. of active aqueous specles = 649
No. of aqueous reactions dimensioned for = 1899

No. of aqueous reactions loaded = 641
No. of active aqueous reactions = 616

22332
warrtsr J13wsf.60

Start time = 14:06:55 12/11/98
End time = 14:07:43 12/11/98

Run time = - 47.5 " seconds
User time = 47.5 seconds
Cpu time = 47.5 seconds

*xkkdr J1IWSF.Enw

Start time = 13:58:19 12/11/98
.End time = 13:59:02 12/11/%8

Run time = 43.2 seconds
User time =" 43.2 seconds
Cpu time = 43.2 seconds

whkkdkR

Comparing files ji3wtuff.6o and J13WTUFF.énw

*xkeed §13wtuff.€o0

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6é Reaction-Path Code (EQ3/6-V7-EQE-EXE-R137-PS)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-DP5)
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Software Qualification Report for EQG Solid-Centered. .. DI: UCRL-MA-110662 PT IV
SCR:LSCRI98
MI: 30084-M04-001 (Addendum)

*kkkkd J)IWTUFF.EnW

EQ3/€, Version 7.2b (EQ3/6-V7-REL-V?7.2b-PC)

EQ§ Reaction-Path Code (EQ3/6-V7-EQE-EXE-R137-Pentium)

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

* %k k& &k

wxwwkd §]3wtuff.6o
Run 14:07:43 12/11/98
*kkres JLIWTUFF.EnwW

e DR 22 I3 22 T RF T2 R T2 DX L D2 R L2 L3 12 22 LF T EF L8 T2 L8 T4
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

apemecREeNeoEegagegoRegeNc R " EC*EC BN RoNeReR-NoN"E~E" K~
ek kodk ok

wwraw® §13wtuff.6o

wkrrwd J1IWTUFF.6NnW

Run 13:59%:03 12/11/98

o o e ok

**ewet j1l3wtuff.6o

No.. of aqueous species dimensioned for = 800
No. of agueous species loaded = 459
No. of active aqueous species = 346

No. of agueous reactions dimensioned for = €99
No. of aqueous reactions loaded =« 379
No. of active agqueous reactions = 327

*akddd JI3IWTUFF.Enw
No. of agueous species dimensioned for = 2000
No. of agqueous species loaded = 459
No. of active aqueous species = 346
No. of aqueous reactions dimensioned for = 189%

No. of aqueous reactions loaded = 379
No. of active agueous reactions = 327
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Software Qualification Report for EQ6 Solid-Centered. .. DI: UCRL-MA-110662 PT IV
SCR:LSCR198 .
MI: 30084-M04-001 (Addendum)

dedr i e b

*ewkwrs Jlawtuff.6o

Start time = 14:07:43 12/11/98
End time = 14:08:11 12/11/58

Run time = 27.9 seconds
User time = 27.9 seconds
Cpu time = 27.9 seconds

dkdwer JIIWTUFF.6nw

Start time = 13:59:03 12/11/98
End time = 13:59:32 12/11/98

Run time = 28.8 seconds
User time = 28.8 seconds
Cpu time = 28.8 seconds

ik kk

Comparing files methane.6o and METHANE.é&nw

**s4++* methane,6o

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)

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

##+x++ METHANE.6nW - ‘

EQ3/6, Version 7.2b- (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)

Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB—RlGS-Pentium)v

Thkdkht

*#%*¥+ methane.6o
Run 14:08:13 12/11/98
+4wss+ METHANE.6nw

bd X L2 L4 D2 37 EF L3 T2 238 L2 22 LF 3.3 .2 L2 D2 B2 L2 B3 L2 L2 L2 1.2 X4
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockmang@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

b L L2 2 AT T B L2 L L L DX T2 B DX L4 B3 T3 BE L T2 T8 2 L8 L8 1

¥ e ek bk

**k*k+* methane.60
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

................................................................ cemeee]
l..... METHANE. §nw _

Run 13:59%:33 12/11/958

L2 4 222

**+x++* methane.6o

No. of agqueous species dimensioned for = 800
No. of agqueous species loaded = 331
No. of active aqueocus species = 201

No. of agquecus reactions dimensioned for = €99
No. of aquecus reactions loaded = 251
No. of active aqueous reactions = 192
*xkkdt METHANE.ENW

No. of aqueous Epecies dimensioned for = 2000

No. of aqueous species loaded = 331

No. of active aqueous gpecies = 201
No. of agueous reactions dimensioned for = 1899
No. of aguecus reactions lcaded = 251
No. of active agqueous reactions = 1392

dkkhdd

**axe* methane.€o0

Start time = 14:08:13 12/11/%8
End time = 14:08:25 12/11/98

Run time = 12.4 seconds

User time = 12.4 seconds
Cpu time = 12.4 seconds

*kkeed METHANE.Enw

Start time += 13:59:33 12/11/98
End time = 13:59:46 12/11/s58

Run time = 13.1 seconds
User time = 13.1 seconds
Cpu time = 13.1 seconds
(X222 XS .

Comparing files micro.6c and MICRO.6nw

wexeee micre.6o '

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6€-V7-EQ6-EXE-R137-PS)

I11-8




Software Qualification Report for EQ6 Solid-Centered. .. DI: UCRL-MA-110662 PT IV
o o SCR: LSCR198
MI: 30084-M04-001 (Addendum)

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

*kkdkwd MICRO.EnW :

EQ3/6, Version 7.2b {(EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

Rhehddrd

s4kkdd micro,.60
Run 14:08:27 12/11/%8
****k*x MICRO.EnW

L 24 g Lk T2 L3 LF L2 B2 &2 B 22 L2 R2 AJ £2 B2 2 LF L8 L2 B2 32 2.2 1J
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQENEW version 12-11-88.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

hkhkk

*xa¥** micro.6o

*hkewr® MICRO.EnW

Run 13:59:48 12/1}/98

L2 22224

*wxw®d micro.6o

No. of aqueous species dimensiocned for = 800
No. of agqueous species loaded = 156
No. of active aqueous species = 21

No. of aqueous reactions dimensioned for = 699
No. of agueous reactions loaded = 116
No. of active aqueous reactions = 1§
*kkdrd MICRO.ENW
No. of agueocus species dimensioned for = 2000
No. of aqueous species loaded = 196
No. of active aqueous species = 21

No. of aqueous reactions dimensjoned for = 1899
No. of agqueous reactions loaded = 116
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
. SCR: LSCR198
ML: 30084-M04-001 (Addendum)

No. of active aqueous reactions = 15
khkdhkdd
*wvdrd micro.6o

Start time = 14:08:27 12/11/98
End time = 14:08:28 12/11/%8

Run time = 1.21 seconds
User time = 1.22 seconds

Cpu time = 1.21 seconds
kxkded MICRO.ENW

Start time = 13:59:48 12/11/98
End time = 13:59:49 12/11/98

Run time = 1.43 seconds
User time = 1.43 seconds
Cpu time = 1.43 seconds

L4 223 2]

Comparing files microft.60 and MICROFT.é6nw

*+*kvv+ microft.6o0

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

#*kkkr4 MICROFT.6nw

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

khkkdkkd

*erev® microft.6o
Run 14:08:29 12/11/58
*+ekwes MICROFT.6nw

hd bl Bl i bet bd DX B3 DJ LI 12 DX T2 22 22 B4 LF BF I TX T T Ty Ty v
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a ‘flow-through mode
- {Jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

bl DX LE DL ZE LY DL LY B Ty R Dy Ry By R e L e P pr e s

¥k o i & o
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' Softwere Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR;: LSCR198
MI: 30084-M04-001 (Addendum)

*eeed+ microft.6o

| ........................ wmesescsccceceracemcermeea .- ersccunmmanaana }

whwtvt MICROFT.Enw

Run 13:59:50 12/11/98

L2222 2]

*w*etx* mjicroft.6o

No. of aqueous species dimensioned for = 800
No. of aqueous species loaded = 136
No. of active aqueous gpecies = 21

No. of aqueous reactions dimensioned for = 699
No. of aqueous reactions loaded = 116
No. of active aqueous reactions = 15

#wwd¥® MICROFT.6nw
No. of agueocus species dimensiocned for = 2000
No. of aqueous species loaded = 196 ’
No. of active aqueous species = 21
No. of agueous reactions dimensioned for = 1899

No. of aqueous reactions loaded = 116
No. of active aqueous reactions = 15

222321
*exwx* microft.60

Start time = 14:08:29 12/11/98
End time = 14:08:31 12/11/98

Run time = 1.59 seconds
User time = 1.59 seconds
Cpu time =« 1.59 seconds

wkkkd® MICROFT.Enw

Start time = 13:59:50 12/11/98
End time =-13:59:52 12/11/98"

,Run time = 1.76 gseconds
User time = 1.76 seconds
Cpu time = 1.76 seconds

AR AN

Comparing files pptcala.6o and PPTCALR.6nw
w*ess* pptcala.éo
EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-BC)

HI-11




Software Qualification Report for EQ6 Solid-Centered. .. DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-PS5)

***u4d PPTCALA.EDW

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

whhhdk

*wke®¥* pptcala.éo
Run 14:08:32 12/11/%8
*+4k%s PDPTCALA.6NnW

THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and I/0 functions to

display progress and to produce binary output files.

Contact EWStockman (Harlan_Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

ek kR

*w*+%% pptcala.€o

*k&d*4 PPTCALA.ENRW

Run 13:59:53 12/11/98

L2 22 4 2]

*&*e¥* pptcala.6o
No. of agueous species dimensioned for = 800
No. of agueous species loaded = 250
No. of active agqueous species = 10
No. of aqueous reactions dimensioned for = 699
No. of aqueous reactions loaded = 170
No. of active agueous reactions = €
*«4w+d PPTCALA.6DW
No. of agqueous sgpecies dimensioned for = 2000
No. of aqueous species loaded = 250
No. of active aqueous species = 10

No. of aqueous reactions dimensioned for = 1899

mi-12




Software Qualification Report for EQ6 Solid-Centered...

No. of aqueous reactions loaded =
No. of active agqueous reactions =

wkkkkk

*kted* pptcala.éo

Start timg = 14:08:32
End time = 14:08:33

0.940
0.540
0.840

Run time =
User time =
Cpu time =

wwrkds PPTCALA.ENW

Start time = 13:59:53
End time = 13:59:54

Run time = 1.10
User time = 1.10
Cpu time = 1.10

ddkddkhk

12/11/98
12/11/98

seconds
seconds
seconds

12/11/98
12/11/98

seconds
seconds
seconds

Comparing files pptgtz.6o and PPTQTZ.énw

(222211 pptqtz_eo

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

170
6

DI: UCRL-MA-110662 PT IV
SCR:LSCR198
MI: 30084-M04-001 (Addendum)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB~R168-P5)

*tkde* PPTQTZ.EnW.

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

L2 22 3 2]

hhdedkd pp:qtz.so
Run  14:08:34 12/11/38

*hkkd®d DPTOTZ.E6nW

THIS IS EQENEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137.

The alterations consist of a flow-through mode

(jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.

Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQ6NEW version 12-11-98.
MEDIA # 30084-M04-001 for this Addendum only.
CRWMS M&O; original document # UCRL-MA-110662.

khkdkdkhkd

II-13




Software Qualification Report for EQ6 Solid-Centered... ‘DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

**xa%® poEQLz.60

| T cemem—- P, g gt |

w*+4¥+ PPTOTZ.6nw
Run 13:59:55 12/11/98

|--=-=== B T L T T e LT X S U gy e L T

tkkkdd

hdhdhdd pptqtz.SO

No. of agueous species dimensioned for = 800
No. of aqueous species loaded = 248
No. of active aqueous species = 11

No. of aqueous reactions dimensioned for = 699
No. of agqueous reactions loaded = 168
No. of active agqueous reactions = 7

*4¥awd PPTQTZ.Enw
No. of agueous species dimensioned for = 2000
No. of agueous species loaded = 248
No. of active aqueous species = 11 N
No. of agueous reactions dimensioned for = 1899

No. of agueous reactions loaded = 168
No. of active aqueous reactions = 7

1222221
weredk pOEGEz. 60

Start time = 14:08:34 12/11/98
End time = 14:08:34 12/11/%8

Run time = 0.440 seconds
User time = 0.440 seconds
Cpu time = 0.440 seconds

*eksds PPTQTZ.EnW

Start time = 13:59:55 12/11/98
End time = 13:59:56 12/11/98

Run time = 0.600 seconds
User time = 0.600 seconds
Cpu time =  0.600 seconds

khkkdkdhd

Comparing files pptqgtza.6o and PPTQTZA.énw
wtw*** pptgtza.6o
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)
EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-PS)
Supported by the EQLIB library (EQ3/6-V7-EQLIE-LIB-R168-PS)

[ 22222 ] PPTQTZA.GDW . . .

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIE library (EQ3/6-V7-EQLIB-LIB-R1€8-Pentium)

hhkddkh

*eekst pptgtza.6o
Run 14:08:36 12/11/98
*xknxk® PPTOTZA.6NW

THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,.
R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/O functions to

display progress and to produce binary output files.

Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQENEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

cReReEeRc R SR E-E-S-E-E-E S NN R S-E-E-E-m-Kem~
khkkdkk

wkkkhd pptqtza.‘o-

**kdx% PPTQTZA.6nW
Run 13:59:57 12/11/98

- - - - . e S e S D P R W T T T D S W W e E -

khhkdkd

**k¥¥* pptgtza.éo

No. of agueous species dimensioned for = 800
No. of agueous species loaded = 248
No. of active aquecus species = 11

No. of aqueous reactions dimensioned fdr = 699
No. of agueous reactions loaded = 168
No. of active agueous reactions = 7
*hkikdd PRPTQTZA.ENW
No. of aqueous species dimensioned for = 2000

No. of aqueous species loaded = 248
No. of active aqueous specigs = 11
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

No. of aqueous reactions dimensioned for = 1899
No. of aqueous reactions loaded = 168
No. of active aqueous reactions = 7

dkkd ik
w44+ pptqgtza.éo

Start time = 14:08:36 12/11/98
End time = 14:08:37 12/11/98

Run time = 1.53 seconds
User time = 1.53 seconds
Cpu time = 1.53 seconds

*%«4** DPTQTZA.6nw

Start time = 13:59:57 ' 12/11/9¢
End time = 13:59:59 12/11/98

Run time = 1,81 seconds
User time = 1.81 seconds
Cpu time = 1.81 seconds

ek % %k

Comparing files rwtitr.6o and RWTITR.é6nw
#wweesr rwtitr.6o
° EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)
EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-F5)

wikxd¥® RWTITR.6NW

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

(24 22 2]

*xxk* rytictr.6o
Run 14:08:39 12/11/98
tkkddd RWTITR.6DW

THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/O functions to

display progress and to produce binary output files.
Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQE6NEW version 12-11-988.

MEDIA # 30084-M0O4-001 for this Addendum only.

CRWMS M&0; original document # UCRL-MA-110662.
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" Software Qualification Report for EQ6 Solid-Centered...

122222 ]

whrens rutitr.

*kwkk® RWTITR.

DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

6o

énw

Run 14:00:01 12/11/98

wkdkk ko

*hkker ruritr.

No. of
No. of
No. of

No.
No.
No.

wkua®® RWTITR.

No. of
No. of
No. of

No.
No.
No.

L2 X 2 2 24

#wewss rytitr.

L R il ke L R N P R R PR

60 .

aqueous species dimensioned for = 800
aqueous species loaded = 422
active aqueous species = 304

of aqueous reactions dimensioned for = €99
of aqueous reactions loaded = 342
of active agqueous reactions = 288

enw

aqueocus species dimensioned for = 2000
aqueous species loaded = 422

active aqueous species = 304

of aqueocus reactions dimensioned for = 1899

of aqueous reactions loaded = 342
of active aqueous reactions = 288

60

Start time = 14:08:39 12/11/98
End time = 14:08:50 12/11/98

Run time = 11.6 seconds
User time = 11.6 seconds
Cpu time = 11.6 seconds

*wsst* RWTITR.Enw

Start time = 14:00:01 12/11/98
End time = 14:00:12 12/11/98

-Run time = 11.0 seconds

User time = 11.0 seconds
Cpu time = 11.0 seconds

dr ek ok ke

Comparing files evswgyha.6o and EVSWGYHA.6nw
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
' SCR: LSCR198
MI: 30084-M04-001 (Addendum)

whedt® evgwgyha.bo

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-<V7-EQE-EXE-R137-PS)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-PS)

stk r® EVSWGYHA.6nw
EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)
EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

kkkkkd

*retts evgwgyha.60
Run 14:09:11 12/11/98
*4kkdd* EVSWGYHA.6NW

bt A EX L1 L0 LE L2 LJ 28 L4 L2 LF L2 L4 D2 D2 L2 L L L7 B2 DF Bt A4 14
THIS 1S EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcodesS or displacer reactant) and 1/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQE6NEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

L2223 24

(222222 evswgyha'SO

*hdhks EVSWGYHA.6nw

Run 14:04:49 12/11/98

Thhkkd

(222312 evswgyha.so

No. of aqueous species dimensioned for = 800
No. of aqueous species loaded = 17
No. of active aqueous species = 16

-No. of agqueous reactions dimensioned for = 699
No. of agqueous reactions loaded = ' 7
No. of active aqueous reactions = 7
skt ds EVSWGYHA.Enw
No. of aqueous species dimensioned for = 2000

No. of aqueous species loaded = 17
No. of active aqueous species = 16
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR:LSCRI98
MI: 30084-M04-001 (Addendum)

No. of agueous reactions dimensioned for = 1899
No. of agqueous reactione loaded = 7
No. of active aqueous reactions = 7

Wk whd
*xxk¥* eygwgyha.6o0

Start time = 14:09:11 12/11/98
End time = 14:09:12 12/11/98

Run time = 0.830 . seconds

User time = 0.830 seconds
Cpu time = 0.830 seconds

*hrtrt® EVSWGYHA.6nw

Start time = 14:04:49 12/11/98
End time = 14:04:50 12/11/98

Run time = 1.10 seconds
User time = 1.10 seconds
Cpu time = '1.10 seconds

hkkdkdd

Comparing files calhal.60o and CALHAL.énw

#wakd* cglhal.6o

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-P5)

*x¥¥¥+ CALHAL.6nw

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

L X232 224

*+«t+t calhal.6o0
Run 14:09:09 12/11/se
w«ssss CALHAL.6nRW

THIS 1S EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and I/0 functions to

display progress and to produce binary output files.

Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQENEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document ‘# UCRL-MA-110662.
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV

L2 2 22 2

wudekd calhal.

**eees CALHAL.

. SCR: LSCR198
MI: 30084-M04-001 (Addendum)

6o

énw

Run 14:04:47 12/11/$8

thdhkdrd

*wkwd* calhal.

No. of
No. of
No. of

No.
No.
No.

##4xsx CALHAL.

No. of
No. of
No. of

No.
No.
No.

whhkkhk

*wwdd® calhal.

6o

aqueous species dimensioned for = 800
aqueous species loaded = 14
active agqueous species = 10

of aqueous reactions dimensioned for = 699
of agueous reactions loaded = 4

of active aqueous reactions = 4

énw

aqueous species dimensioned for = 2000
aqueous species loaded = 14

active agqueous species = 10

of aqueous reactions dimensioned for = 1899

of aqueous reactions loaded = 4
of active agueous reactions = 4
6o

Start time = 14:09:09 12/11/98
End time = 14:09:10 12/11/98

Run time = 0.390 seconds
User time = 0.390 seconds
Cpu time = 0.390 gseconds

###4++ CALHAL.

énw

Start time = 14:04:47 12/11/98
End time = 14:04:48 12/11/98

Run time = 0.500 seconds
User time = 0.500 seconds
Cpu time = 0.500 seconds

kA d
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
. SCR: LSCRI198
MI: 30084-M04-001 (Addendum)

Comparing files fwbrmix.6o and FWBRMIX.énw

teewrd fybrmix.60 -

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/€-V7-EQ6-EXE-R137-PS)

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

*&xvd+ FWBRMIX.Enw
EQ3/6, Version 7.2b {EQ3/6-V7-REL-V7.2b-PC)
EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIBE library (EQ3/6-V7-EQLIB-LIB-R168 -Pentium)

Rk hkw

sxwawr fyubrmix.6o
Run 14:09:13 12/11/98

**dkwrs FWBRMIX.6nW

2 B2 T2 3 L2 BF T2 B L2 £ £ L2 27 B3 L 4 3 L 22 X3 22 23 2 F TJ
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQENEW versicn 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

L2 22 2 24

wkattr fwbrmix.60

wktve® FWBRMIX.Enw

Run 14:04:51 12/11/98

o e e de e &

*rxers fubrmix.€o
No. of aqueous species dimensioned for = 80O
No. of aqueous species loaded = 14
No. of active agqueous species = 10
No. of agqueous reactions dimensioned for = 659
No. of aqueous reactions loaded = 4
No. of active agqueocus reactions = 4
*rreds FUBRMIX.6nw

No. of aqueous species dimensioned for = 2000
No. of aqueous species loaded = 14
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-(_)Ol {Addendum)

No. of active aqueous species = 10
No. of agqueous reactiocns dimensioned for = 1899
No. of aguecus reactions loaded = 4
No. of active aqueocus reactions = 4
[ 22422 231

wedrtx fybrmix.€o

Start time = 14:09:13 12/11/98
End time » 14:09:13 12/11/98

Run time = 0.220 seconds
User time = 0.220 seconds
Cpu time = 0.220 seconds

*hawer FWBRMIX.6nw

Start time = 14:04:51 12/11/98
End time = 14:04:52 12/11/%8

Run time = 0.380 geconds
User time = 0.380 seconds
Cpu time = 0.380 seconds

khdkdhhk

Comparing files gypnacl.6o and GYPNACL.énw

122122 ganacl.So

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PFC)

EQ6 Reaction-Path Code (EQ3/€-V7-EQE-EXE-R137-PS)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-PS)

*hkkedt GYPNACL.EDW

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC}

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

dekkdkkk

L2 X222 ] gypnacl_SO
Run 14:09:14 12/11/98
wkks4+ GYPNACL.Enw

I T T3 TP EF B T L3 PF T BF I3 L P D T2 22 22 T8 L3 £ B LoF 1
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and I/O0 functions to
display progress and to produce binary output files.
Contact HWStockman (Harlan_Stockman@ymp.gov)

for more information. EQENEW version 12-11-98.

MEDIA # 30084-MO4-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.
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Software Qualification Report for EQ6 Solid-Centered... DI: UCRL-MA-110662 PT IV

SCR: LSCRI198
MI: 30084-M04-001 (Addendum)

L2212 2 ]

*****% gypnacl.€0

i ddd GYPNACL.an

Run 14:04:53 12/11/98

drdrdedkdrd

**¥k** gypnacl.60

kR hdw

dedd ook

No. of
No. of
No. of

No.
No.
No.

aqueous species dimensioned for = 800
aqueous species loaded = 12
active aqueous species = &8

of agqueous reactions dimensioned for = 699
of aqueous reactions loaded = 2
of active ‘agqueous reactions = 2

GYPNACL.é6nw

No. of
No. of
No. of

No.
No.
No.

aqueous species dimensioned for = 2000
aqueous species loaded = 12
active aqueous species = 8

of aqueous reactions dimensioned for = 189%
of aqueous reactions loaded = 2
of active aqueous reactions = 2

*4#4t4+ gypnacl.éo

Start time = 14:09:14 12/11/98
End time = 14:09:14 12/11/98

Run time = 0.380 seconds
User time = 0.380 seconds
Cpu time = 0.380 seconds

#hdwks GYPNACL.6DW

L2 2222

Start time = 14:04:53 12/11/s8
End time = 14:04:5¢ 12/11/98

Run time = 0.770 seconds
User time =« 0.770 seconds
Cpu time = 0.770 seconds
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‘Software Qualifiea'tion. Report for EQ6 Solid-Centered... _ DI: UCRL-MA-110662 PT IV
SCR:LSCR198
* MI: 30084-M04-001 (Addendum)

Comparing files gypsumb:.6o and GYPSUMB.énw

whddtts gypsumb.60

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQE Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-P5)
Supported by the EQLIB library (EQ3/6-V7-EQLIE-LIB-R168-P5)

*herwees QYPSUME.6NRW

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIE library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

*hkkkd

hkhdhd gypsumb.so

Run 14:09:15 12/11/98
ek *ew GYPSUMB. 6nw

hef Bk b g F Log 4 Lg L2 L2 LF 8 LB Ld g B2 bd 12 L4 L2 L3 .08 L2 E.F L4
THIS IS EQ6NEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,
R137. The alterations consist of a flow-through mode
(jcode=5 or displacer reactant) and I/0 functions to
display progress and to produce binary output files.
Contact HWStockman (Earlan Stockman@ywp.gov) -

for more information. EQ6NEW version 12-11-$8.
MEDIA # 30084-M04-001 for this Addendum only.

CRWMS M&O; original document # UCRL-MA-110662.

1 2422 2]

ke w msuﬁ.so

whikkak GYPSUMB.6nw

Run 14:04:55 12/11/98

Thhkhk

[ 2 22 X2 ) gypsumb.SQ
No. of aqueous species dimensioned for = 800
No. of aqueous species loaded = 12
No. of active aqueous species = 8
No. of agueous reactions dimensioned for = €99
No. of agqueous reactions loaded = 2
No. of active aqueous reactions = 2
*tkwes GYPSUMB.6nw

No. of aqueous species _dimensionéd for = 2000
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Software Qualification Report for EQ6 Solid-Centered. .. DI: UCRL-MA-110662 PT IV
' SCR: LSCR198
MI: 30084-M04-001 (Addendum)

No. of aqueous species loaded = 12
No. of active aqlieous species 8

No. of agueous reactions dimensioned for = 1853
No. of agqueous reactions loaded = 2
No. of active aqueous reactions = 2

kkhdhkk

(22222 ] gypsumb.‘o

Start time = 14:09:15 12/11/98
End time = 14:05:15 12/11/98

Run time = 0.170 seconds
User time = 0.170 geconds
Cpu time = 0.170 seconds

wkdisk QYPSUMB.6nw

Start time = 14:04:55 12/11/98
End time = 14:04:55 12/11/98

Run time = 0.330 seconds
User time = 0.330 seconds
Cpu time = 0.330 seconds

(223224

Comparing files crisgtz.6o and CRISQTZ.énw

*wkhwr criggtz.6o ’

EQ3/6, Version 7.2b (EQ3/6-V7-REL~V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-PS)
Supported by the EQLIB library {EQ3/6-V7-EQLIE-LIB-R168~P5)

*kwkkd CRISQTZ.6nW

EQ3/6, Version 7.2b (EQ3/6-V7-REL-V7.2b-PC)

EQ6 Reaction-Path Code (EQ3/6-V7-EQ6-EXE-R137-Pentium)
Supported by the EQLIB library (EQ3/6-V7-EQLIB-LIB-R168-Pentium)

*hhkhkkk

*kkdkd criggtz.€o
Run 14:06:36 12/11/98
##*+++* CRISQTZ.6nW

THIS IS EQENEW 1.0, AN ALTERED VERSION OF EQ6 V7.2B,

R137. The alterations consist of a flow-through mode
{jcode=5 or displacer reactant) and 1I/0 functions to

display progress and to produce binary output files.

Contact HWStockman (Harlan Stockman@ymp.gov)

for more information. EQENEW version 12-11-98.

MEDIA # 30084-MO4-~001 for this Addendum only.
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Software Qualification Report for EQ6 Solid!red... DI: UCRL-MA-110662 PT IV
SCR: LSCR198
MI: 30084-M04-001 (Addendum)

CRWMS ME£O; original document # UCRL-MA-110662.

cEem-E-EeE-B-me-mcacmcHekimcmcB-ReEegemegzemcxeom-memé

hdhked

*exvty coriggtz.60

*wesws CRISQTZ.6nw

Run 13:58:02 12/11/98

*hdrkhrd

*eerw+ crisqtz.60

No. of aqueous species dimensioned for = 800
No. of aqueous species loaded = 184
No. of active aqueous species = 8

No. of agquecus reactions dimensioned for = €99
No. of aqueous reactions loaded = 104
No. of active agqueous reactions = s

¥akudd CRISQTZ.Enw
No. of agueous species dimensioned for = 2000
No. of agueous species loaded = 184
No. of active agueous species = 8
No. of agueous reactions dimensioned for = 1899

No. of agueous reactions loaded = - 104
No. of active aqueous reactions = s

L XX 2213
*hwwes criggtz.E0

Start time = 14:06:36 12/11/98
End time = 14:06:40 12/11/98

Run time = 3.68 geconds
User time = 3.68 seconds
Cpu time = 3.68 seconds

**wk*n CRISQTZ.6nw

Start time = 13:58:02 12/11/%8
End time « 13:58:06 12/11/s8

Run time = 4.28 seconds

User time = 4.28 geconds

Cpu time = 4.28 seconds
II1-26




