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I. Purpose

In this study, the long-term geochemnical behavior of a waste package (WP), containing Pu-
ceramic, was modeled. The ceramic under consideration contains Ti, U, Pu, Gd and Hf in a
pyrochiore structure; the Gd and Hf stabilize the mineral structure, but are also intended to
provide criticality control. The specific study objectives were to determine:

1) the extent to which criticality control material, suggested for this VIP design, will
remain in the WP after corrosion/dissolution of the initial package configuration (such
that it can be effective in preventing criticality), and

2) the extent to which fissile plutonium and uranium will be carried out of the degraded
WP by infiltrating water (such that internal criticality is no longer possible, but the
possibility of external criticality may be enhanced), and

3) the nominal chemical composition for the criticality evaluations of the WP design, and
to suggest the range of parametric variations for additional evaluations.

For this purpose, the chemical compositions (and consequent criticality evaluations) are modeled
for time periods up to 106 years. This longer time frame is consistent with the one million years
time horizon recently recommended by the National Academy of Sciences to the Environmental
Protection Agency for performance assessment related to a nuclear repository (Ref. 1).

The calculation included elements with high neutron-absorption cross-sections, notably Gd and
Hf. as well as the fissile materials. In the calculations, the thermodynamic/geochemical behavior
of Hf was represented by Zr; this substitution was necessary, due to the lack of thermodynamic
data for Hf, and is justified by the extreme chemical similarity of the two elements (Assumption
3.16). The results of this analysis will be used to ensure that the type and amount of criticality
control material used in the WP design will prevent criticality.

2. Method

The method used for this analysis involves the following steps:

* Use of basic EQ316 (software package, Section 4.1) capability for tracing the progress of
reactions with evolution of the chemistry, including the estimation of the concentrations
remaining in solution and the composition of the precipitated solids. (EQ3 is used to
determine a starting fluid composition for EQ6 calculations; it does not simulate reaction
progress.)

* Evaluation of available data on the range of dissolution rates for the materials involved, to be
used as materiallspecies input for each time step.
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* Use of "pseudo flow-through" mode in which:

1) Water is added continuously to the WP and builds up in the WP over a sequence of
time steps (typically 15 to 18 steps per sequence, except for the initial sequence).
The first sequence typically ranges from 200 to 600 steps. The duration of a time
step modeled for the individual EQ6 time steps range from 0.01 seconds to 1000
days as determined automatically by the program. The modeled duration of a
sequence, including the initial sequence, stays constant within the limits imposed
internally by the program. This time is determined from the selected drip rate, e.g.,
0.15 m'/yr entering the WP, and the percentage of added water selected. This
percentage is set at 10% at the beginning of a set of runs, and may be increased to
100% to enable modeling of very long times after initial relatively rapid chemical
changes have settled down to a quasi-steady state.

2) Flushing action (removal of water added during one EQ6 sequence) is simulated by
specifying smaller amounts of water and solutes for input to the next EQ6 sequence
than were present at the end of the preceding sequence. The mass of water
simulated as removed equals the mass of water added, adjusted for water calculated
to enter or exit solids. Solutes are removed in proportion to their concentrations in
that mass of water.

* Determination of fissile concentrations in solution as a function of time (from the output of
EQ6 sequences over times up to 106 years).

* Calculation ofthe amount of fissile material released from the WP as a function of time
(which thereby reduces the chance of criticality within the WP).

* Determination of concentrations of neutron absorbers, such as Gd, Hf and B, in solution as a
function of time (from the output of EQ6 sequences over times up to or somewhat greater
than 106 years).

* Calculation of the amount of neutron absorbers retained within the WP as a function of time.

* Composition and amounts of solids (precipitated minerals or corrosion products, and
unreacted package materials).

Further detail on the specific methods employed for each step is available in Section 5 of this set
of calculations.
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3. Assumptions

All assumptions are for preliminary design; these assumptions will require verification before
this analysis can be used to support procurement, fabrication, or construction activities. All
assumptions are used throughout the calculations.

3.1 It is assumed that an aqueous solution fills all voids within WPs, and that the solutions
that drip into the package will have the composition of J-13 well water (as given in Ref.
2; this composition is given in Table 5.1.1.2-1) for -1 06 years. The basis for the first part
of this assumption is that it provides the maximum degradation rate with the potential for
the fastest flushing of the neutron absorber from the WP, and is thereby conservative.
The basis for the second part of the assumption is that the groundwater composition is
controlled largely by transport through the host rock, over pathways of hundreds of
meters, and the host rock composition is not expected to change substantially over 106
years. For a few thousand years after waste emplacement the composition may differ
because of perturbations resulting from reactions with engineered materials and from the
thermal pulse. These are not taken into account in this calculation because the corrosion
allowance and corrosion resistant barriers are not expected to breach until after that
perturbed period. Therefore, the early perturbation is not relevant to the calculations
reported in this document. See assumption 3.3.

3.2 It is assumed that the density of J-13 well water is 1.0 g/cm3. The basis is that for dilute
solutions, the density differs extremely little from that for pure water and that any
differences are insignificant in respect to other uncertainties in the data and calculations.
Moreover, this number is used only initially in EQ316 to convert concentrations of
dissolved substances from parts per million to molalities.

3.3 It is assumed that (1) water infiltrating the WP will have only a minimal contact, if any at
all, with undegraded metal in the corrosion allowance barrier, and (2) that any effects of
contact with the drif liner will be minimal after a few thousand years. The basis for the
first part of this assumption is that the water should move rapidly enough through
openings in the WP barriers that its residence time in the corroded barrier will be too
small for significant reaction to occur. Furthermore, the water flowing through the
barriers will be in contact with the corrosion products left from the barrier corrosion that
created the holes in the first place, but these corrosion products will closely resemble iron
oxides and hydroxides in the overlying rock Consequently, the water should already be
close to equilibrium with these compounds and would be unaffected by further contact
with them, even if it flowed slowly enough to permit significant reaction. The second
part of this assumption is justified by the following: (1) The drift liner at the top of the
drift is expected to collapse with the roof support well before 1000 years, and (2) The
travel time of water through the liner will be much less than the tiavel time through the
rock above the repository, and the liner will likely have pre-equilibrated with the ambient
atmosphere, forming calcite in the exposed cement.
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3.4 It is assumed water may circulate freely enough in the partially degraded WP that all
degraded solid products may react with each other through the aqueous solution medium.
The basis is that this provides one bound for the extent of chemical interactions within
the WP and conservatively simulates potential preferential loss of neutron absorbers from
the WP by facilitating contact of any acid that may result from corrosion of steel with
neutron absorbers in spent fuel. Such circulation is expected, driven by buoyancy and
thermal gradient (Assumption 3.1 1).

3.5 It is assuned that the database supplied with the EQ3/6 computer package is sufficiently
accurate for the purposes of this report. The basis is that the data have been carefully
scrutinized by many experts over the course of several decades and carefully selected by
Lawrence Livermore National Laboratory (LLNL) for incorporation into the data base
(Ref. 3; Ref. 4; Ref. 5; Ref. 6). These databases are periodically updated and/or new
databases added, such as one including extensive data on the lanthanides (Ref. 7). Every
run of either EQ3 or EQ6 documents automatically which database is used. The
databases include references internally for the sources of the data. The reader is referred
to this documentation, included in electronic files labeled dataO that accompany this
report, for details (Ref. 16). Nevertheless, this review and documentation do not
absolutely guarantee that all the data are adequate.

3.6 In general it is assumed that chromium and molybdenum will oxidize fully to chromate
(or dichromate) and molybdate, respectively. This assumption is based on the available
thermodynamic data, which indicate that in the presence of air the chromium and
molybdenum would both oxidize to the VI valence state. Laboratory observation of the
corrosion of Cr and Mo containing steels and alloys, however, indicates that any such
oxidation would be extremely slow. In fact, oxidation to the VI state may not occur at a
significant rate in respect to the time frame of interest, or there may exist stable Cry
solids (not present in the EQ3/6 thermodynamic database) that substantially lower
aqueous Cr concentration. For the present analyses, the assumption is made that over the
times of concern the oxidation will occur. This is conservative for times of several
thousand years after WP breach, when the high pH solution from any drift liner effects,
has been flushed out of the WP. Acidification of the water will enhance solubility and
transport of neutron absorber out of the WP thereby separating it preferentially from
fissile material.

3.7 It is assumed that the inner corrosion resistant barrier of the WP will react so slowly with
the infiltrating water (and water ponded in the WP) as to have negligible effect on the
chemistry. The bases consist of the facts that this metal (Alloy 22; see nomenclature in
section 5.1.1) corrodes very slowly compared (1) to other reactions in the WP and (2) to
the rate at which soluble corrosion products will likely be flushed from the package.

3.8 It is assumed that gases in the solution in the WP.wiU remain in equilibrium with the
ambient atmosphere outside the WP. In other words, it is assumed that there is sufficient
contact with the gas phase in the repository to maintain equilibrium with the CO2 and 02
present, whether or not this be the normal atmosphere in open air-or rock gas that seeps
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out of the adjacent tufE. Under these conditions the partial pressure of CO2 exerts
important controls on the pH and carbonate concentration in the solution and hence on
the solubility of uranium, gadolinium and other elements. As discussed in Ref. 8, the
measured composition of J-1 3 water is not in equilibrium with the partial pressure of CO2
in the atmosphere. By adjusting the average measured composition of the water slightly,
well within the standard deviation of the measurements, it is possible to determine a
partial pressure of CO% nearly ten times atmospheric (Ref 9, Table 8; and Ref. 10, p. F-
210), with which this water was apparently in equilibrium at depth in the well. This high
partial pressure is close to the maximum found by measurement of the rock gas
composition (Ref. 9, Table 8). Therefore this high partial pressure was chosen for most
of the computer runs used in this analysis. Two runs with normal atmospheric CO2 levels
was used to determine the sensitivity of the calculations to this parameter. The high CO2
tends to increase the concentration of free carbonate ion and its complexation with the
dissolved Us, thereby tending to increase the solubility of U, but this is moderated by
the reduction of the pH. There is little overall net effect on actinide solubility for
otherwise comparable conditions. The effect on Gd solubility is somewhat more
complex; higher COz pressures decrease pH, thereby increasing the chance that solid
GdOHCO3 will be dissolved; however, higher CO2 pressures also increase the capacity of
the system to buffer toward intermediate pH (-7.7).

3.9 It is assumed that precipitated solids that are deposited remain in place, and are not
mechanically eroded or entrained as colloids in the advected water. The basis for this
assumption is that it conservatively maximizes the size of potential deposits of fissile

* material inside the WP.

3.10 It is assumed that the corrosion rates will not be significantly enhanced by biologically
mediated corrosion. The bases for this assumption are that even at the time that the
repository is closed there will be little organic material present to serve as raw materials
for growth of living organisms, and that by the time the corrosion barriers are breached
essentially all of such material will most likely have decayed to carbon dioxide and
dissipated.

3.11 It is assumed that sufficient decay beat is retained within the WP over times of interest to
cause convective circulation and mixing of the water inside the package. The analysis
that serves as the basis for this assumption is discussed in Ref 11 (Attachment VI).

3.12 It is assumed that the alkalinity reported in analyses oflJ-13 water corresponds to
bicarbonate (HCCO) alkalinity. Contributors to alkalinity in J-13 water, in addition to
bicarbonate, potentially include borate, phosphate and silicate. However, at pH less than
9 the contribution of silicate will be small, and in any case the concentrations of all three
of these components in 3-13 water is small. Fluoride ion will not contribute to atypical
measured alkalinity because the titration will not be carried out to a sufficiently low pH
for its influence to be detectable: Nitrate will likewise not contribute. The validity of this
assumption is justified by the observation that the calculated electrical neutrality, using
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the assumption, is zero within the analytical uncertainty, as it should be. The same
assumption is implicitly made in Ref. 2 CTable 4.1, p. 4.2).

3.14 It is assumed that the rate of entry of water into, as well as the rate of egress from, a VIP
is equal to the rate at which water drips onto the package. For most of the time frame of
interest, i.e. long after the corrosion barriers become largely degraded, it is more
reasonable to assume that all or most of the drip will enter the degraded package than to
assume that a significant portion will instead be diverted around the remains. Diversion
of the water with a consequent lower entry rate has not been incorporated into the present
calculations.

3.15 It is assumed that the most insoluble solids for a fissile radionuclide will form, i.e. that
equilibrium will be reached. This is conservative for internal criticality because the
assumption will lead to simulation for maximal retention of fissile material within the

3.16 It is assumed that the thermodynamic behavior of Hf can be modeled as if it were Zr.
This assumption is based on the extreme similarity of the chemical behaviors of the two
elements (Ref. 12). Thermodynamic data for many important Hf solids and aqueous
species are lacking, thus Zr was substituted for Hf in the calculations.

3.17 It is assumed that the decay of 23gPu to 235U can be conservatively modeled by a simple
exponential correction to the reported amounts of solids in the EQ6 runs, after completion
of each run. EQ6 currently has no built-in capability to handle radioactive decay. For
internal criticality, this assumption is conservative, since Pu solids are generallyless
soluble than U solids; the assumption causes an overestimate of the amount of 5U
remaining in the package with time.

4. Use of Computer Software

This section describes the computer software used to carry out the analysis.

4.1 EQ316 Software Package

The EQ316 software package originated in the mid-I 970s at Northwestern University (Ref. 3).
Since 1978 Lawrence Livermore National Laboratory has been responsible for its maintenance.
It has most recently been maintained under the sponsorship of the Civilian Radioactive Waste
Management Program ofthe 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
waterfrock 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 software deals with the concepts of the
thermodynamic equilibrium, thermodynamic disequilibrium and reaction kinetics. The
supporting data files contain both standard state and activity coefficient-related data. Most of the
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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 on the
data files varies from 25 IC only for some species to a full range of 0-300 IC for others. EQPT
takes a formatted data file (a dataO file) and writes an unformatted near-equivalent called a datal
file, which is actually the form 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 an EQ6 calculation.

EQ6 models the consequences of reacting an aqueous solution with a set of reactants which react
irreversibly. It can also model fluid mixing and the consequences of changes in temperature.
This code operates both in a pure reaction progress frame and ina 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. EQ3NR and EQ6 use a hybrid Newton-Raphson technique to
make thermodynamic calculations. This is supported by a set of algorithms which 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 UNIX operating system on computers
ranging from workstations to supercomputers. Further information on the codes of the EQ3/6
package is provided in Refs. 3, 4, 5 and 6.

In this study EQ316 was used to provide:

1) a general overview of the nature of chemical reactions to be expected,

2) the degradation products likely to result from corrosion of the waste forms and canisters,
and

3) an indication of the minerals, and their amounts, likely to precipitate within the WP.

The programs have not been used outside the range of parameters for which they have been
verified. The EQ3/6 calculations reported in this document used version 7.2b of the code, which
is appropriate for the application, and were executed on Pentium series (including "Pentium II")
personal computers (PCs).

The EQ3/6 package has been verified by its present custodian, Lawrence Livermore National
Laboratory. The source codes were obtained from Software Configuration Management in
accordance with M&O QAP-SI-3 (Ref. 13). The code was installed on the Pentium PCs
according to an M&O-approved Installation and Test procedure (Ref. 14).

42 Software Routines for Chaining Successive EQ6 Cases

The following software routines were developed specifically for this study for the purpose of
facilitating the setup and execution of successive cases of EQ6, by transforming the output of
one case to the input of the following case. An individual EQ6 run diluted the solution
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constituents to reflect the inflow of fiesh water, and the routines periodically remove water and
solutes corresponding to the inflow. The routines also read the output of one run and reformat it
as input for the next run. The data reformatting aspect of these routines was verified by visual
inspection in accordance with QAP-SI-0, 53.2C by an individual independent of the person
doing the original development. The mathematical algorithms for these routines are given in
attachment I; the checking of the routines is discussed in Ref. 17. The routines were originally
developed for a Hewlett-Packard HP6000 computer (UNIX operating system), and were
subsequently modified for use on Pentium personal computers. Both versions have been
checked. The CSCI numbers apply to both the HP and the corresponding PC versions.

4.2.1 File ntibatc. CSCI# 30046 V1.1

This routine is derived from the UNIX shell script nxtinput bat (CSCI# 30046 Vl.0), used in
previous geochemical analyses (Ref 15). To obtain the same functionality as the UNIX script,
the batch file was replaced by an executable, that uses the spawnO function to run other
executable programs in synchronous mode. The program nxti bat:

1) runs the program nxtinput exe (compiled from nxtinput.c), to transfer the output from one
iteration to the input of the next iteration,

2) runs the next iteration of EQ6, and

3) repeats steps I and 2 until a specified number of iterations have been reached, or until an
abnormal condition occurs (which causes nxtinput exe to write an error message to a file.
which is read and interpreted by nxtijbatexe).

Nxti batexe requires that the input file be copied to a file named bldinputout before invocation,
and also requires the file blclnputin be properly formatted with the root file name and the
desired simulation time (deltimemax) for each EQ6 run.

4.2.2 File uxtinput.c, CSCI# 30047 VL.O

This C program reads the output and pickup (program file names) files of an EQ3/6 iteration and
generates the input file forthe next iteration. In this process it makes two basic data changes:

1) the amounts of all the species in solution are reduced to simulate the flushing out of an
amount of solution corresponding to an infusion of fresh J-13 water into the WP as
calculated by EQ6, and

2) some alternative species are switched into, or out of, the basis set for the chemical
reactions, according to which member of the alternative set has achieved the largest
concentration.
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423 File Afln batec, CSCIN 30050 VI.1

This C program is derived from the UNIX script allpostbat (CSCI# 30050 Vl.0) and operates in
essentially the same way as nxti bat c, but in addition runs the C program newpost c (compiled
to newpostexe) and deletes the allout files produced by these programs after the desired data
have been extracted. This deletion avoids complete filling of available file space. Compared to
the UNIX version, some slight functionality is added to allow specification of inner and outer
loops sizes from the command line, to allow automatic renaming of the output files, and to allow
a variable minerals list to be passed to the post-processing routine, newpostc (described below).

42.4 File newpostc, CSCIN 30049 V1.1

This C program is a slight modification of postproc.c (CSCI# 30049 V.0). The modifications
consist of allowing the program to pass a minerals list as an ascii text file, rather than 'hard-
wiring7 the allowed minerals in the code. The modified code was verified in the same manner as
was the original. ThisC program locates specific data outputs in the concatenated EQ6 output
files generated by running the program nxtinput c (through nxti bat c or alln bat c), and copies
the selected data to a separate file to facilitate analysis and enty into spreadsheets.

42.5 Files Lastpostc, CSCI# 30051 V1.0

This C program processes the output of allnbatc and reduces the still extensive output to a form
more amenable to plotting by selecting only every tenth output line.

4.3 Spreadsheets

Spreadsheet analyses were performed with Microsoft Excel version 97, installed on a PC. The
specific spreadsheets used for results reported in this document are included in Ref 16.

4.4. Software Approved for QA Work.

The software package, EQ3/6, Version 7.2b, was approved for QA work by LLNL
(Memorandum to File from Royce E. Monks, dated March 28,1997, QA designator 97/026). An
installation and test report (Ref. 14) was written and submitted to the SCM, and the proper
installation was verified, before the runs described in this report were made.

5. Calculation

The general scheme of the calculations starts with obtaining data for compositions, amounts,
surface areas, and reaction rates of the various components of the Pu-ceramic WPs. These
quantities are recalculated to the form required for entry into EQ6; mostly this consists of
makifig such conversions as weight percentages of elements or component oxides to mole
fractions of elements, degradation rates in micrometers/year into moles per square centimeter per
second, etc. Spreadsheets (Ref. 16) provide details of these calculations, and the procedure is
also described in detail in Ref. 17. The final part of the input to EQ6 consists of the composition
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of 3-13 well water together with a rate of influx to the WP that corresponds to suitably chosen
percolation rates into a drift and drip rate into a WP (See Section 5.1.13). From time to time the
water added to the WP from this simulated influx is removed, together with its solutes, to
approximate reactive flow and transport through the WP via routines described in Section 42.1.
The EQ6 output provides the results of modeling of the chemical degradation of the WP, or
components thereof. Sometimes the degradation of the WP is divided into phases, e.g.
degradation of HLW high level waste (HLW) glass before breach and exposure of the ceramic to
the water. The results include the compositions and amounts of solid products and of substances
in solution. Details of the results are presented below.

5.1 Calculation Inputs

5.1.1 WP Materials and Performance Parameters

This section provides a brief overview of the chemical characteristics of ceramic WPs. The
emphasis is on the chemical composition and reactivity, rather than on the physical
configurations within the packages, although the configurations were used for volume
calculations to determine the overall chemistries and surface areas.

Material nomenclature used throughout this document includes: SB-575 N06022 (hereafter
referred to as Alloy 22), SA-240 S31603 (hereafter referred to as 316L), UNS N06625 (hereafter
referred to as Alloy 625) and SA-240 S30403 (hereafter referred to as 304L).

5.1.1.1 Chemical Characteristics of Representative Pu-Ceramic WPs

As modeled, the WP consists of a corrosion-resistant shell (consisting of an outer corrosion-
allowance barrier of carbon steel, and a liner of Alloy 22), containing 5 HLW glass-pour
canisters and a central spacer; the canisters are fibricated from 304L stainless steel. Each glass-
pour canister contains 7 cylindrical sleeves, each consisting of 4 cans, for a total of 28 cans per
glass-pour canister, the cans will be fabricated in 316L stainless steel (Ref. 19 specifies 316
stainless, which is assmed to be 316L; the compositions are extremely similar for puiposes of
this calculation). Each can contains a stack of 20 ceramic disks, each -2.54 cm in thickness.
After the 28 cans are emplaced in the canister, the canister is back-filled with molten HLW glass.
An overview of the co-disposal concept can be found in Ref. 18, and the geometries and
configurations of the Pu-ceramic, within the glass-pour canisters, are given in Ref 19.

The corrosion-resistant shell is assumed to have little effect on the geochemical reactions internal
to the WP (Assumption 3.7). It is presumed that water transport through cracks in the carbon
steel will be rapid, and the crack surfaces will readily oxidize to hematite or goethite, essentially
in equilibrium with the corrosion products inside the package (e.g., sections 5.3.1 through 5.3.3).

For modeling the chemical behavior of this system, the chemical compositions of each of these
materials, their masses, their surface areas and their corrosion or degradation rates are required.
The spreadsheet masses5xls (included in Ref 16) gives the calculations of masses and surface
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areas. Table 5.1.1.1-1 gives the composition of the ceramic waste form, and table 5.1.1.1-2 gives
the HLW glass composition. Table 5.1.1.1-3 gives the compositions of the stainless steel alloys.

Several simplifications were necessary to complete the calculations. The final WP design may
include a central spacer, serving to hold the 5 glass-pour canisters apart; at the time the
calculations reported herein were performed, there were few details available on the construction
and corrosion rate of this central spacer, so it was ignored in the calculations. In addition, the
glass-pour canisters may contain numerous small steel components, such as scalloped plates to
hold the cans of ceramic in place. These smal steel components were also ignored in the
calculations.

Table 5.1.1.1-1. Pu-
Ceramic Compositiont

Oxide Weight %
LCSa | 10.00
rio 2 35.90

10.60
Gd2O3 7.90
U0 2 23.70
Pu0 2 11.90
1. Ref. 19.
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Table 5.1.1.1-2. Raw Glass Composition'

Component Weight %
Ag ~~~~~~~~0.05

12 03 -- 3.96
8Th3 ~X1028
baSO 4 0.14

Ca3(P04)2 0.07
CO. 0.85
CaSO4 0.08
Cr2O 0.12
Cs2 O' 0.08

CUO 0.19
Fe,3 7.04
FeO 3.12
K2 0 3.58
L120 3.16
MgO 136
MnO 2.00

qa2O 11.00
ia2SOg 036
aCI 0.19
iaF 0.07
iO 0.93

PbS 0.07
SiO2 45.57

02' 0.21
i02 ' 0.99

U309 2.20
eolite 1 t.67

ZnO -0.08
'Np ' 0.000751

__P_ 0.012342

rc __0.010797

Zr' 0.026415

1. Ref. 20 (Attachment 1, Table 3.3.8, except as cxplined
in note 4 below).

2. Not carried through EQ3/6 calculation, due to small
amount relative to other WP components, orJudgement
of little significance.

3. Assumed to be analcirne, due to high pour temperature
of glass and high Na content

4. Obtained by taking the "GUrns/canistee entry of Ref.
20 (AttachmentI, Table 3.3.3), multiplying by 100%.
and dividingby the prsumed masslcanister of 1682 kg
(Ref20, Attachment L footnote to Table 3.3.3). AU Tc
presmned to be 9c; all Zr presumed to be 'Zr.
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Table 5.1.1.1-3. Metal Compositions (Weight Percent)'

Element 316L 304L
C 0.030 0.030
N 0.100 0.100
Si 0.750 0.750
P 0.045 0.045
S 0.030 0.030
Cr 17.000 19.000
Mn 2.000 2.000
Fe 65.545 68.045
Ni 12.000 10.000
Mo 2.500 _

Density 7.9497 g/cmn (not used)
1. Ref21.
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5.1.12 Chemical Composition of 3-13 Well Water

It was assumed that the water composition entering the WP would be the same as for water from
well J-13 (Assumptions 3.1 and 3.3 ). This water has been analyzed repeatedly over a span of at
least two decades (Ref. 2). This composition is reproduced in Table 5.1.12-1.

Table 5.1.1.2-1.
Composition of J-13 Well
Water'

Component Units'
Nat 45.8

K' ~~~5.04
Can 1 13.0
Mg' l 2.01
NO3 8.78
Cl. 7.14
F 2.18
SO4- 18A
Si 28.5
P04- 0.12
Alkalinit 128.9
pH 7.41
1. Ref. 2.
2. mgtL, except for pH
3. Assumedto be HCO;.

5.1.13 Drip Rate of J-13 Water Into a WP

It is assumed (Assumption 3.14) that the drip rate onto a WP is the same as the rate at which
water flows through the WP. The drip rate is taken from a correlation between percolation rate
and drip rate (Ref 22). Specifically percolation rates of 40 mm/yr and 8 mn/yr correlate with
drip rates onto the WP of O.15 m 3/yr and .015 m'/yr, respectively. The choice ofthese
particular percolation and drip rates is discussed in detail in Ref. 17.

For the present study, the range of allowed drip rates was extended to include an upper value of
0.5 m3/yr and a lower value of O.0015 m3/yr. The upper value corresponds to the 95 percentile
upper limit for a percolation rate of4O mm/yr (as determined in Ref 22 and Ref.23), and the
*lower value is simply l/ll1 0 the mean value for the g mm/yr percolation rate. These extreme
values were used, because prior studies (Ref.1 B above; Ref. 24; Ref. 25) suggested thatwhen
ceramic waste forms are co-disposed with glass, the greatest chance of Gd removal occurs when
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initial high drip rates cause glass leaching and removal of alkali, and subsequent low drip rates

initial high drip rates cause glass leaching and removal of alkcali, and subsequent low drip rates
allow acid to build from steel degradation (thus increasing the solubility of solid GdOHCO3).

5.1..4 Densities and Molecular Weights of Solids

For input to criticality calculations conversions one must convert moles of solids, estimated to
form, to solid volunies. A few solid phases contribute the overwhelming bulk of the total
volume; the Table 5.1.1.4-1 provides some the densities and molar volumes for these phases.

Table 5.1.1.4-1. Densities and Molecular Weights of Precipitated Solids

Solid Density (kg/m') Molecular MoL Vol, Calc. Dens.,
Weight' cm3/mol' gcm3

Diaspore (AIOOH) 3400a 59.988 17.760 3.378
Hematite (Fe 20) 5240' 159.692 30.274 5.275
Pyrolusite (MnOz) 5060" 86.937 17.181 5.060a
Goethite (FeOOH) 88.854 20.820 4.268
Ni2SiO4 209.463 42.610 4.916
Nontronite-Ca 424.293 131.100 3.236
Nontronite-K 430.583 135.270 3.183
Nontronite-Mg - 421.691 129.760 3.250
Nontronite-Na 425.267 132.110 3.219
References
a Roberb et al., 1974 (Ref 26)
b Weas, 1977 (Ref. 10)
c ReE 16 (EQ316 Data base, daOtnucR), ghmole, except for pyrolusitc, which is calculated fiom the density and

molecular weight.

* 5.1.1.5 Atomic Weights

Atomic weights were taken from Ref 21 and Ref. 27. These are listed in Ref. 16 (spreadsheet
volmas2la, sheet VOLMASS).

5.1.1.6 Corrosion Rates

The corrosion rates used in the EQ6 runs are summarized in Table 5.1.1.6-1. Emphasis was
placed on highest probable corrosion rates, to obtain the most favorable (conservative)
conditions for removal of Gd from the system. For the HLW glass, the high rate was used in the
two-stage runs (section 5.3) to ensure that the alkaline glass would be degraded and leached
before the Pu-ceramic was exposed. The higher Pu-ceramic rates ensured the Gd in the ceramic
would be exposed to the acid, produced by degradation of the stainless steel, in the two-stage
runs. All Pu-ceramic rates are for metamict material. The high and average stainless steel
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These three prior studies suggested that the greatest removal of Gd would occur at low drip rates
in the second stage described above.

Two cases were modeled. In the first case,'all package materials degrade together, albeit at
different rates, and the drip rate of J-13 water into the package is kept constant throughout the
run. Only one simulation of this first type was run, because this scenario tends to maintain
moderate to high pH, and provides little opportunity for loss of gadolinium. For this one run, the
amount of HLW glass was arbitrarily reduced to 75% of the amount expected for the WP (all
other runs used the full amount of glass calculated for the WP as specified in spreadsheet
masses5.xls in Ref. 16). This reduction in the amount of glass is conservative, since it reduces
the alkali, potentially allowing more U and Pu to remain in the package, and increases the
probability that Gd will be removed. For purposes of this report, use of the lower glass amount
underscores that it is very difficult to achieve significant Gd loss when degradation of glass
overlaps, in time, degradation of the Pu-ceramic.

In the second case, the run is broken into two stages with different drip rates. In the first stage,
the HLW glass and steel package materials react together, but the ceramic is not included in the
calculation; the drip rate is kept high (0.5 m3lyr). The first stage models degradation of the HLW
glass, and removal of most of the alkaline glass components, as if the ceramic were perfectly
protected from corrosion. The first stage is terminated when the pH reaches a plateau minium
of -6, at -3.8xl years. In the second stage, drip rate is reduced to 0.015 or 0.0015 m3/yr, and
the ceramic is included in the calculation and reacts with the remaining steels and the minerals
formed from degradation of the HLW glass. The pH may then drop to -525, as steel continues
to corrode, but the rate of influx of J-13 (which is mildly alkaline) is reduced. There follows a
period of relatively low pH, which may persist for thousands to tens of thousands of years; in this
period of low p1, the solubility of GdOHCO3 is highest. For the runs with drip rate =0.0015
m3lyr, dissolved Gd concentrations can reach 10-3 to 3.5x102 molal (up to 5500 ppm); for the
runs with a drip rate of 0.015 m3/yr, the maximum Gd concentration does not exceed -2x10 4
molal. In the remainder of each run, the pH gradually rises, due to several factors: the inherent
alkalinity of the J-13 water, the alkalinity built into the ceramic waste form; and the buffering
capacity of the clays in the system. Seven simulations of this second type were rum; only four
produced a significant loss of Gd (-10 to 15%) from the WP.

Table 53-1 summarizes the conditions used and total Gd loss for the 8 runs, and Table 53-2
gives the peak aqueous Gd concentrations and the minimum pH achieved in the runs. With the
range of conditions tested, the period of high Gd solubility is generally not long enough to
remove substantial Gd from the systems. In all runs, formation of muscovite and celadonite was
suppressed; these are high-temperature sheet silicates that are not observed to form in low-
temperature environments, and the effect of the suppression is to generate more smectite clays in
the run (a more realistic result). In runs 2 through 8, formation of zircon was suppressed for
conservatism, since zircon lowers Zr (Hf) solubility and zircon is also not observed to form in
low-temperature environments. However, few natural environments would have such high
Zr(Hf) concentrations as the degraded WP, and formation of amorphous zircon may indeed be
possible on the time scales of - 6 years.
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Prior studies (Ref.l 8; Ref 24; Ref 25) have suggested higher Gd loss from degraded WPs. To
ensure there were no errors in the methodology of the present study, the calculations were
contrasted with those in Ref.I8, Ref. 24 and Ref 25. Several explanations were found for the
comparatively low Gd loss of the present study. First, in the current study, the mass of acid-
producing metals is less; Alloy 22 is used for the inner corrosion resistant barrier, and corrodes
much more slowly than the Alloy 625 suggested forthe barrier in Refl8. In addition, the U-Al
alloy considered in Ref. 18 is itself a producer of acid during oxidation, and the U-Al alloy is
admixed with abundant steel plates, which also produce acid upon degradation. In contrast, the
Pu-ceramic is somewhat alkaline, and is capable of neutralizing some of the acid produced by the
other metals. Given the comparatively small amount of acid produced, even the alkalinity of the
J-13 water is enough to bring the system pH back up to -7.7 before substantial Gd can be lost.
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I Table 5-3-1. Summary of EQ6 Runs

Run Stages EQ6 File Name' Corrosion J-13 Modeled % Gd
tf . Rates? Drip Time, Loss3

Rates yrs
I I CerO_001511.6i HLW:avg 0.0015 1.074W 0.0432

SS: avg m/yr
ter avg

2 2 Cerd1NO 51.6i & HLW:high 0.5& 3.77xl0'& 1.86
CerdlWO 00151.6i SS: high 0.0015 6.9xl0s

Cer avg m/r _

3 2 CerdlN0 51.6 & HLW:high 05 & 3.77xl1& 124
CerdlWO 015!. 6 SS: high 0.015 m/yr 1.12x403

Cer. avg

4 2 Cerd2NO 51.6i& HLW: high 0.5& 3.78xlO'& 14.8
Cerd2WOO0015I.6± SS:avg 0.0015 IA6xlO'

Cer. avg m/r

5 2 CerdLNO_51.61 & HLW: high 0.5 & 3.77xl03& 9.58
Cerd3WO_00151.64 SS:high 0.0015 65240'

Cer high m3/yr .
6 2 Cerd1NmO51.6± & HLW: high 0.5 & 3.77xl03'& 13.2

Cerd3W 0 015ICO2_LO.6i SS: high 0.0015 6.50x10'
Cer. high m!/YT

7 2 Cerd2NO_51.6i L HLW: high 0. & 3.78xlO -& 12.2
Cerd4WO0OSI.6i SS:avg 0.015 mIYr 133x4'

Ccr high
8 2 CerdINO_51.6± & HLW:high 0.5& 3.77xl03& 0.0369

Cerd5WOO-15IC02O20.6i SS: high 0.0015 1.09x10'
Cer: vey m3wr

.__ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ h igh_
A. WhL~A~~. W~ £A~JM~ .&~ MJ4 LUl t JL- UL Ul UF34LWU IL

steels, but NO Pu-ceramic, and the second represents the 2' stage of the run, from -3.SxlO2 years till the
end, including the Pu-ceramic and all other remaimng reactants.

2. For HLW, the avg. rate-2x104 g&m2/day, and the high rate-2.8x104 ghm2/day, stainless steel (SS, both 304L
and 316L)te average rate-0.1 pm/yr, andthehigh rate- pnilyr, and forceramic (cer), the veryhigh
rate-4x10 1 gr/day, the high rate-4x04 glm 2/day, and the avg rate-2xU0 gWm/day (see spreadsheet
massesSxads in Ref. 16 for rationale; all ceramic rates are for metamict material).

3. Calculated in spreadsheet Gd°/remainingxls (Ref 16).
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Table 53-2. Maximum Aqueous Gd and Minimum pH for EQ6 Runs'

Run # Gd Maximum Time of pH Minimum Time of pH
(Mola) Maximum Gd Minimumi

Concentration 2

1 6.15x40' 13A 633 1.34
2 1.14xl-' 13.5 5.25 5.35
3 1.20xlO 6.33 5.49 5.48
4 ' 532xl0'J4.03xlO' 21.2/32.5 5A9 / 5A7 22.5/60.0
S 1.59x1'' 7.26 5.32 5.60
6 1.80x101 8.24 5.32 5.60
7 2.3x1 x 58.6 5.87 59.8
8 1.06x40 4 3.77 6.13 3.77
1. Taken f" consponding ailpost file (RRce 16); used "changingtimesteps elements" bloc.
2. Thousands of years.
3. Run4hadtwotdinictpeaks;the2disresponsibleforthebulkofthcGdloss.

Sections 53.1 through 533 below discuss, in detail, runs 1, 2 and 6 (run 6 produced the second
highest Gd loss); the emphasis of these sections is to establish the long-term chemistry of the
degraded WP, over time scales of 10 to 106 years. The amounts listed in the figures are per
initial liter of void volume; this normalization is necessary to simplify the EQ3/6 calculations (in
particular, to maintain -1 liter of fluid in equilibrium with the precipitated solids). The modeled
system contains 3737.921 liters of void volume (calculated in spreadsheet masses5ads, Ref. 16),
and the amounts in the figures must be multiplied by 3737.921 to obtain the total moles or
volumes of minerals in the package. Section 5.3A examines the aqueous Gd maxima for runs 6
and 7, at a higher resolution, to show the covariation among pH, Gd concentrations, and the
presence of other solids in the system.

5.3.1 Run 1: Ceramic, Steel, and HLW degrade simultaneously

Figure 53.1-1 shows volumes of principal minerals formed during the run. By volume, smectite
clay is overwhelmingly the most significant solid phase, followed by hematite and nickel silicate.
The smectites have a high proportion of nontronite (Fe2(NaMg,/CYMg)go3AIomnSi3.67lH20 2),
and grow at the expense of the hematite as the rn progresses. Zircon was not suppressed in this
run. The calculations also predict that several Ca-rich carbonates and rutile (TiO2) will also
precipitate (not shown in figure 53.1-1).
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Figure 5.3.1-1. Volumes of Some Principal Minerals, Run 1 (cm3 per Liter Initial Void
Space)

Figure 53.1-2 gives the pH and molality of B, Gd, Pu and U as functions of time. The lowest
pH (6.33) is reached early in the run, when the rate of steel degradation is still high; because the
alkaline HLW glass degrades in the same stage, it is not possible to reach lower pH. Since this
run uses the average HLW corrosion rate (see table 5.3-1), the alkaline glass continues to
decompose after the steels has largely reacted, causing pH to reach a high of-9.2 at I05 years. In
the period of higher pH, both U and Pu have high solubility as carbonate complexes. The
highest Gd solubility, -10 4 molal, is reached early in the run (<x 104 years), and is not of
sufficient extent or intensity to cause much Gd loss from the system.
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Figure 53.1- 2. Aqueous Concentrations of Selected Elements and pH, Run 1

* The amounts of minor minerals in the system are shown in figure 5.3.1-3, on a log scale. The
peak in U solubility is due not just to the high pH. Uranium solublity is also enhanced by the

- temporary consumption of silica in the form of petalite (LiAISM4O1o) and potassium feldspar (not
plotted). This silica loss destabilizes soddyite ((UO2h(SiO 4)-2H 20), the principal solubility-
controlling phase for uranium. The phase GdOHCO3 begins to form after -2x 0I years, after the .
pH climbs above 7, and steadily builds until -4xl C years, when the supply of Pu-ceramic
becomes exhausted.



Waste Package Operalions Engineering Calculation
Tllle:EQ6 Calculations for Chemical Degradation of Pu-Ceramic Waste Packages

* DocUmentIdelflnet.BBAOOOOOO-01717-0210-O018 REV 00 Page 270147

Peta~te

0)
IL 0.1

,Sod

0)01

0)

0.001
0 100 200 300 400

1000s of Years
500 600

Figumre 53.1-3. Moles of Minor Solid PhasesFormed In Run 1

Table 5.3.1-1 gives the percent remaining (of original package contents) for selected elements.
The Minima for Al and Si are artifacts; with the newpost program described in section 42.4, all
minerals anticipated to form, must be specified explicitly, else their masses will not be tracked in
the EQ6 output. In this case, K-feldspar (KAISi 3Os) is predicted to form for several tens of
thousand of years near the beginning of the run, then redissolve. Because K-feldspar was not
explicitly tracked, its Al and Si did not appear in the mass balance. It is also possible for the
total Si to rise slightly above 100% at long times, because the J-13 water contains dissolved Si.
Table 5.3.1-2 gives the total mass in kg, remaining as solids, for the entire paciage. A column is
included for the approximate 235U generated by decay of 239Pu, on the assumption that moles
23U =9Pu kA [I - (Yi)(*j,where t is time in years, and T is the half-life of 23Pu in years
(taken from Ref 27).
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Table 53.1-1. Percentages of Selected Elements Remsining in Degraded WP:
Run 1, CerO 0015I!.6i, All Components Degrade Together

Time ni Hf Re Pu' Fe Ni Mn Na Al Si Gd
(Zr)4 (raw) (decay)

0.00 100.00 100.00 100.00 100.00 99.97 99.97 99.99 100.00 100.00 100.00 100.00
.29 100.00 100.00 100.00 88.40 100.00 99.76 100.00 96.13 100.01 99.99 99.81

9.64 100.00 100.00 100.00 75.78 9938 99.55 99.99 91.30 100.01 99.97 99.85
2.7 100.01 100.00 100.01 50.33 99.98 99.48 99.99 78.74 100.02 99.93 99.84
59.79 97.22 100.03 100.04 17.92 99.97 99.46 99.99 48.66 93.07 97.54 99.87
104.10 54.62 100.03 100.00 5.01 99.96 99.47 99.99 10.08 84A3 94 53 99.85
04.50 46.01 100.07 100.05 028 99.97 99A6 99.99 225 100.02 99.28 99.89
02.80 45S.95 100.11 100.11 0.02 99.96 99.46 99.99 0.97 100.02 98.95 99.91
02.70 45.93 100.15 100.11 0.00 99.95 99A6 99.99 0.68 99.99 98.58 99.96

517.50 4593 100.15 100.11 0.00 99.95 99.46 99.99 0.63 100.01 98.65 99.96
1. at from s cradshect uraainxi e? run I/cm (ReC16).
. Time in thousands of years.

3. As calculated by EQ6, not including *'3 U generated from 2'Pu decay.
4. Hf Is modeled as Zr in EQ6 runs (see assumption 3.16)
5. Pu calculated by EQ6 (see assumption 3.17).
6. Pu decayed, as Ifall Pu were Z9Pu.

Table 53.1-2. Kilograms of Selected Elements Remaining as Solids in Entire Degraded
WP: Run 1, CerO 001511.61, All Components Degrade Together' "

-i~ U Hf (Zr_ -u - 'Pu iT Fe Ni Mn Na Al Si Gd
_raw

4 decayeds gen' .
0.00 391.70 125.71 14396 14396 0.00 2420.61 346.70 147.50 489.18 13221 1263.19 93.61

9 391.70 125.71 143.96 127.47 1622 2421.19 345.97 147.51 47021 132.21 1263.07 93.44
9.64 391.71 125.71 14396 109A8 33.91 2420.71 345.24 147.50 446.60 132.22 1262.84 93A7
23.87 391.73 125.71 143.97 73.10 69.69 2420.71 345.01 147.49 385.17 13223 126228 93.46
59.79 380.81 125.75 144.02 26.37 115.68 2420.64 344.94 147A9 238.02 123.05 1232.07 93A9
104.10 213.94 125.74 143.97 7A9 134.19 2420.36 34495 147A9 49.30 111.62 1194.05 93A7
204.50 18021 125.80 144.04 OA3 14120 2420.56 344.94 147.49 11.01 13223 1254.10 93.51
302.80 179.99 125.85 144.12 0.03 141.68 2420.39 344.94 147.49 4.74 13223 1249.96 93.53
402.70 179.92 125.90 3 0.00 iii.7l 2419.97 34494 147.49 3.31 132.19 1245.25 93.57
517.50 179.92 125.90 144.13 0.00 141.71 2420.14 344.94 147.49 3.06 13222 1246.17 93.57
1. Data from adsheet %remain x], sheet runI TOT (Ref. 16).
2. Time In thousands of years.
3. Hf is modeled as Zr in EQ6 runs (seeassuption 3.16)
4. As calculated by EQ6, which currently has noprovision for radioactive decay.
S. All Pu taken as 'Pu and decayed to produce 5U (see assumption 3.17).-
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532 Run 2: HLNW Glass Degrades in First Stage with High Drip Rates; Ceramic
Degrades In Second Stage with Average Rate

The volumes of principal minerals, per liter of void space, are shown in figure 5.32-1. Once
again, smectite clay overwhelms the volume of the product phases. Ultimately, -38% more
smectite forms than in run 1, apparently at the expense of hematite. At long times, the total
volume of product minerals is 2.4 m3 for the entire package. The volume calculation uses the
formal smectite and hematite particle densities of 32 and 5.3, respectively, and takes no account
of imperfect packing and interstitial water. Given the total volume inside the corrosion barrier is
7.1 m!, and an initial void space of 3.7 m3, clays can be expected to fill a large portion of the
degraded WEP. The calculations also predict that several Ca-rich carbonates and rutile (TiO2) will
also precipitate (not shown in figure 5.3.2-1).
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Figure 532- 1. Volumes of Some Principal Minerals, Run 2 (cm3 per Liter Initial Void
Space)

The pH and molality of aqueous B, Gd, Pu and U are shown in figure 5.32-2. The pH reaches 9
in the first 103 years, as the HLW completely degrades, then the degradation of steels gradually
drops the pH to 5.32. At 3.8x103 years, the Pu-ceramic is exposed. Since the Pu and U in the
ceramic ame never exposed to the high pH (typical of glass degradation), these elements never
reach very high concentrations in the aqueous phase. The peak in aqueous Gd (-10i3moles/liter)
reflects the period of lowest pH, between 5xlO and 1 years. However, the low flow rate in
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this period prevents substantial loss of Gd. Eventually, the pH climbs uT to 7.7, controlled
principally by the influx of J-13 water, and the aqueous Gd drops to 10 molal.

I E-02 9.0
IE-03 8.5
IE-04
IE-05 B 8.0

IE-06 - .5

E 1E-087 7.0 I

IE-09 6.5
IE-10 6.0
IE-I1
1E-12 5.5
1E-13 5.0

0 100 200 300 400 500 600 700

1000s of Years

Figure 532- 2. Aqueous Concentrations of Selected Elements and pH, Run 2

Table 53.2-1 gives the percent remaining (of original package contents) for selected elements.
The minima for Al and Si at early times (<3770 years) are artifacts; with the newpost program
described in section 42, all minerals anticipated to form, must be specified explicitly, else their
masses will not be tracked in the EQ6 output. In this case, several minor silicates formed in the
early part of the run, then redissolved. Ihe Al and Si from these minor phases do not appear in
the mass balance. Table 53.2-2 gives the total mass in kg, remminig as solids, for the entire
package. A column is included for the approximate 23U generated by decay of 2P.L
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Table 532-1. Percentages of Selected Elements Remaining in Degraded %VP: Run

2, CerdlN0 5I.6i & CerdiWO 0015I.6, Pu-Ceramic Degrades in Second Stage'

Time u' Hf (Zr) Pu' pW I Fe Ni Mn Na Al Si Gd
(raw) (decay)

0.00 100.00 100.00 100.00 100.00 99.97 99.97 99.99 100.00 100.00 100.00 100.00

0.10 96.60 100.00 100.00 99.70 99.91 99.90 99.97 90.15 100.02 98.09 100.00

030 9022 100.00 100.00 99.14 99.62 99.59 99.87 71.69 100.06 94.51 100.00

1.00 67.34 100.01 99.99 97.15 98.66 98.59 99.54 5.50 100.17 81.65 100.00

3.77 66.77 100.00 99.99 89.71 9839 93.86 99A2 0.60 100.17 100.23 100.00

7.80 66.76 100.00 99.99 79.89 98.40 71.05 99A3 0.58 100.19 10025 98.99

11.53 66.76 100.00 99.99 71.77 98.40 71 AO 99A3 054 100.20 100;15 98.06

30.20 66.77 100.01 100.00 41.95 98.37 72.01 99A3 OA3 100.16 100.22 97.96

62.12 66.77 100.02 100.01 16.75 9838 72.01 99A3 0.50 100.17 100.24 97.97

30 66.79 100.04 100.03 5.59 98.38 72.01 99.43 0.56 100.17 100.25 97.99

204.10 66.82 100.09 100.09 0.28 98.40 72.01 99A3 0.6S 100.19 100.31 98.04

302.00 66.8S 100.13 100.16 0.02 9838 72.01 99A3 0.68 100.18 10032 98.11

003 0 66.89 100.19 100.16 0.00 9839 72.00- 99A3 0.69 100.18 10035 98.10

503.80 66.88 100.16 100.20 0.00 9839 72.00 99.43 0.70 100.17 10038 98.14

601.80 66.88 100.16 100.20 0.00 9839 72.00 99.43 0.71 100.18 100.41 98.14

645.60 66.88 100.16 100.20 0.00 9.39 -99.3 0.71 100.18 I100.3 98.14

1. Data fom spreadsheet /eremaixIs et nmh 2 'nr (Ref. 16).

2. Tune in thousands of yars.
3. As calculated by EQ6, not Including 2'U generated from 23Pu decay.
4. Hfis modeled as Zr in EQ6 rmn(see assurption 3.16)

5. Pu calculated by EQ6 (see assumption 3.17).
6. Pu decayed, as if ul Pu were 21'P.L
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Table 5.3.2-2. Kilograms of Selected Elements Remaining as Solids In Entire Degraded
WP: run 2, CerdlNOSI.6i & CerdlWO00015L6i, Pu-Ceramic Degrades in Second
Stage'

Timec U Hf (Zr)' S'Pu "iP "'U Fe Ni Mn Na Al Si Gd
- mraw decayed gens _ _

0.00 42737 126.70 144.20 144.20 0.00 2561.13 360.67 177.09 653.23 176.55 167939 93.61
0.10 412.82 126.70 14420 143.77 0.42 2559.47 360.42 177.06 588.89 176.58 1647.32 93.61
0.30 385.55 126.70 14420 142.98 120 2552.02 359.31 176.89 46827 176.65 1587.17 93.61

1.00 287.79 126.71 144.19 140.15 3.98 2527.58 355.69 17630 35.93 176.84 1371.15 93.61
3.77 285.34 126.70 144.19 129.54 14.40 2520.45 338.62 176.07 3.90 176.84 1683.11 93.61

7.80 28532 126.70 144.18 115.54 28.17 2520.84 256.32 176.09 3.78 176.88 1683.51 92.66
11.53 28532 126.70 144.19 103.93 39.58 2520.84 257.59 176.09 3.56 176.88 1683.58 91.80
3020 28S35S 126.71 144.20 61.17 81.64 2520.14 259.79 176.09 2.83 176.83 1683.08 91.70

62.12 28537 126.72 144.22 24.71 117.50 2520.22 259.79 176.09 3.26 176.84 1683.34 91.71
100.30 285.42 126.75 144.24 836 133.61 252030 259.79 176.09 3.64 176.83 16U3A7 91.73

204.10 285.58 126.81 144.34 0.44 141.48 2520.89 259.79 176.09 421 176.88 1684.51 91.78
302.00 285.69 126.86 144A3 0.03 141.98 2520.43 259.79 176.09 4A2 176.85 1684.73 91.84
40030 285.88 126.95 144.44 0.00 142.01 2520.63 259.74 176.09 4A9 176.85 1685.18 91.83
503.80 285.51 126.90 144A9 0.00 142.07 2520.51 259.74 176.09. 4.57 176.84 1685.68 91.87
601.80 285.81 126.90 144.49 0.00 14i 2520.68 259.74 176.09 4.61 176.85 1686.22 91.87
645.60 285.81 126.90 144.49 0.00 142.07 2520.59 259.74 176.09 4.62 176.85 1686.53 91.87
1. Data from spreadsheet n rainsnn sheet run2LTOT (Re. 16). -

Time in thousands ofyears.
3. fis modeled as Zrin EQ6runs(see assumption3.16).

4. As calculated by EQ6, which currently bas no provision for radioactive decay.
5. Al Pu taken as mPu and decayed to produce 5U (see assumption 3.17).-

533 Run 6: 3LW Glass Degrades in First Stage; High Drip Rates; Ceramic Degrades in
Second Stage with High Rate, and Lower CO2 Levels

Like run 2, run 6 is staged. There is a rapid leaching of the HLW glass in the first stage, under a
relatively high drip rate; followed by corrosion of the Pu-ceramic in a second stage with a much
lower drip rate. However run 6 differs from both runs 1 and 2 in several respects. First, run 6
has a significant Gd loss (13.2%). The ceramic degradation rate is 20 times greater than in runs
1 and 2, and the ambient CO2 pressure was dropped by -1 order of magnitude relative to runs I
and 2.

Figure 5.3.3-1 shows the volumes of principal nerals, per initial liter of void space (as
discussed in section 5.3, to obtain the total volume of precipitated minerals in the system, the
values in figure 5.3.3-1 must be multiplied by 3737.921, the initial number of liters of void
space). The calculations also predict that several Ca-rich carbonates and rutile (TiC 2) will also
precipitate (not shown in figure 5.3.3-1). Overall, the volumes of principal minerals are very
similar to those for run 2.
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Figure 533- 1. Volumes of Some Principal Minerals, Run 6 (cm3 perLiterlInitial Vold
Space)

The pH and molality of selected elements, for rum 6, are shown in figure 53.3-2. As with run 2
The pH reaches 9 in the first 103 years, as the HLW completely degrades. Then the degradation
of steels gradually drops the pH to 5.5. At 3.8x103 years, the Pu-ceramic is exposed. Since the
Pu and U in the ceramic are never exposed to the high pH (typical of glass degradation), these
elements never reach very high concentrations in the aqueous phase. Compared to rim 2, the
period of low pH and high Gd concentrations is shorter in duration; however, the peak in
aqueous Gd (-.102 moles/liter) is apparently sufficient to yield 13.2% Gd loss from the system.
Eventually, the pH climbs up to 8.5, controlled principally by equilibrium of J-13 water at the
lower CO2 pressure (10 3 atm) specified forthis rnm.
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Figure 533- 2. Aqueous Concentrations of Selected Elements and pH, Run 6

Table 53.3-1 gives the percent r *mang (of original package contents) for selected elements.
The minimum for Si at early times (<3770 years) is artificial; with the newpost program
described in section 4.2, all minerals anticipated to form, must be specified explicitly, else their
masses will not be tracked in the EQ6 output. In this case, several minor silicates formed in the
early part of the run, then redissolved. The Si from these minor phases does not appear in the
mass balance. Table 5.33-2 gives the total mass in k, remning as solids, for the entire
package. A column is included for the approximate 5 JU generated by decay of 23"Pu.
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Table 5.33-1. Percentages of Selected Elements Remaining in Degraded ,VP: run 6,
CerdlNO05I.6i & Cerd3WO 00151 C02 LO.6i, Pu-ceramic Degrades in Second
Stage, CO2 Pressure Lowered to 103^ atm'

Time' U' Hf (Z)' Pi Pu' Fe Ni Mn Na Al Si Gd
(RaW) (tecay)..

0.00 100.00 100.00 100.00 100.00 99.97 99.97 100.00 100.00 100.00 100.00 100.00

D.10 96.60 IOD.OO IO.OD 99.70 99919 990 99.98 90.15 100.02 98.09 TOO.00
.30 90.22 100.00 1o0.0o 99.14 99.62 99.59 99.88 71.69 100.06 94.51 100.00

l.00 6734 100.01 9999 97.15 98.66 98.59 99.54 S O 100.17 81.65 100.00

.77 66.77 100.00 99.99 89.71 9839 93.86 99A.I 0.60 100.17 100.23 100.00

7.8 66.76 100.00 99.99 79.79 9839 8.0 99.42 036 100.17 100.22 79.69

11.50 66.77 100.01 100.01 71.84 98AO 83.26 99.42 0.27 100.19 100.25 86.81

0.86 66.75 100.00 100.01 41.17 98.39 8326 99.42 030 100.19 100.25 86.78

.11 66.75 100.00 100.01 1628 98.39 83.26 99A2 OA5 100.18 10024 86.78

10130 66.75 100.00 100.01 5A3 9838 8326 99A2 0.58 100.17 100.25 86.78

05.10 66.75 100.00 100.01 027 9839 83.26 99.42 0.82 100.17 10029 86.78

103.40 66.75 100.0 100.01 0.02 98AO 8326 99A2 0.97 100.19 100.34 86.78

401.60 66.75 100.00 100.01 0.00 98.39 -8326 99.42 1.07 100.18 100.36 86.78

505.10 66.75 100.00 100.01 0.00 9839 83.26 99.42 1.13 100.18 10038 86.78

603.20 66.7S 100.00 100.0 0.00 98A4 8326 99A2 1.17 I(0.18 100.42 86.78

647.00 66.75 100.00 100.01 0.00 98.39 83.26 99.42 1.19 100.18 100.43 86.78

1. Data from spreadsheet 'remaingyxIs, sheet run6 Yorem (Ref. 16).
. Tine In thousands ofyears..
. As calculated by EQ6, not including 2'U generated from 'tPu decay.
. Hf is modeled as Zr In EQ6 runs (see assumption 3.16)

S. Pu calculated by EQ6 (see assumption 3.17).
6. Pu decayed. Ls If all Pu were 209PiL
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Table 5.3-32. Kilograms of Selected Elements Remaining as Solids in Entire Degraded
WIP: run 6, CerdlNO 51.6i & Cerd3WO 00151 C02 LO.6i, Pu-ceramic Degrades In
Second Stage, CO2 Pressure Lownered to 10-s atm1

Time~ TU Hf (Zr)3 I7Pu 7PU `'U Fe Ni Mn Na Al Si G
raw4 decayeds gen

.00 427.37 126.70 144.20 144.20 0.00 2561.13 360.67 177.11 653.23 176.55 1679.39 93.61

0.10 412.82 126.70 144.20 143.77 0.42 2559.47 360A2 177.08 588.89 176.58 164732 93.61

030 385.55 126.70 14420 142.98 120 2552.02 35931 176.91 46827 176.65 1587.17 93.61

1.00 287.79 126.71 144.19 140.15 398 2527.58 355.69 17631 35.93 176.84 1371.15 93.61

3.77 285.34 126.70 144.19 129S4 14A.0 2520A5 338.62 176.07 3.90 176.84 1683.11 93.61

7.85 28532 126.70 144.19 11539 2832 2520.46 292AO 176.09 2.37 176.84 1683.08 74.60

11.50 28535 126.71 14421 104.03 39.50 2520.89 300.39 176.09 1.80 176.87 1683.44 81.27
30.86 28527 126.70 144.22 60.04 82.77 2520.66 300.39 176.09 1.93 176.87 1683.56 81.23
63.11 285.27 126.70 144.22 24.03 118.18 2520.51 300.39 176.09 2.91 176.85 1683A.3 81.23
10130 28527 126.70 144.22 8.12 133.81 252026 300.39 176.09 3.79 176.84 1683.58 8123

205.10 285.27 126.70 144.22 OA3 14138 2520.51 300.39 176.09 5.35 176.85 1684.20 81.23

303.40 28527 126.70 144.22 0.03 141.78 2520.93 300.39 176.09 636 176.87 1684.97 81.23
401.60 28527 126.70 144.22 0.00 141.80 2520.59 30039 176.09 6.99 176.86 1685.43 81.23
60320 28527 126.70 14422 0.00 141.80 2520.76 30039 176.09 7.67 176.85 168636 81.23
647.00 28527 126.70 14422 0.00 141.80 2520.59 30039 176.09 7.75 176.85 1686.59 81.23
1. Dal from spreadsheet I/orfa i=1s, sheet run~nTOT (ReE 16).
2. Tine In thousands ofyears.
3. Hf is modeled as Zr I EQ6 n (see ssumption 3.16)
4. As calculated by EQ6, which cunentlyhas no provision for radioactive decay.
S. All Pu taken as 'fPu and decayed to produce DU (see assumption 3.17).
6. At 7.Sxl years, -6.7 kg Gd is in solution; this Gd laterreprecipitates.

53A Comparison ofAqueous Gd Behavior in Run 6 and Run 7

Previous studies suggest pH may exert a strong control on Gd loss from the WP (Ref. 18; Ref.
24; Ref. 25). In the current study, the pH minims and peak Gd aqueous concentrations occur'
over scales of 103 to 104 years, and are not well-resolved in figures 5.3.1-2, 53.2-2 and 5.3.3-2.
This section provides more detailed plots of the covariation among Gd concentrations, pH and
amounts of certain solids in the system, for run 6 and run 7. These two runs had comparatively
high total Gd loss (13.2% and 12.2%, respectively). These two runs also employed different 2 nd-
stage drip rates (0.0015 m3/yr for run 6, and 0.015 m3/yr for rmn 7); as shown in Table 53-2, all
the runs with the lower drip rate had Gd axima before 15 thousand years, and the two runs with
the higher drip rate had Gd maxima aftR 50 thousand years. The system pH is plotted for
reference in each of figures 5.3.4-1 through 53.4-6 below.

Figures 53.4-1 through 53.4-3 show the behavior of run 6. Figure 53.4-1 shows that the pH
reaches a minimum at -5.6x10 3 years, then rises steadily; the aqueous Gd also continues to rise
until -8.2x10 3 years, and then falls sharply. As shown in figure 5.3.4-2, the aqueous Gd drop
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coincides with the precipitation of GdOHCO3. The solubility product for this phase is K -
[Gd3 E[0Hj[C03'1, so it is not remarkable that precipitation follows after an increase in both pH
and aqueous Gd concentrations. Figure 53.4-3 shows that the initial drop in pH corresponds to
the consumption of 304L stainless steel.
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Figure 53.4- 1. Aqueous Gd Concentrations and pH for Run 6
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Figure 5.3.4- 2. Moles Solid GdOHCO3 (per Liter Initial Void Space) and pH for Run 6

FP
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Figure 5.3.4- 3. Moles Reactants (WP Materials, per Liter Initial Void Space) Remaining
in the Package, and pH, for Run 6

Figures 53.4-4 through 53.4-6 show the behavior of run 7. The aqueous Gd peak for run 7
(figure 5.3.4-4) is much broader and flatter than the corresponding peak for run 6, and
corresponds to broad, flat pH minimum. Figures 53.4-5 and 53.4-6 show two events that
appear to control the beginning and end of the pH minimum, respectively. The disappearance of
dolomite (CaMg(C0 3)2) allows the pH to drop below 6 (figure 53.4-5); and the final -
consumption of all the 304L stainless steel (figure 53.4-6) allows the pH to rise once again.
(Ordered dolomite forms slowly in nature, but the exact identity of the solid alkaline carbonate is
probably not significant. If dolomite were prevented from forming in the EQ6 run, with the
suppress option, another alkaline carbonate, such as calcite, would take its place, with a similar
buffering effect on pH.) Some solid GdOHCO3 is lost during the pH minimum, but most
remains.
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Figure S3.4- 4. Aqueous Gd Concentrations and pH for Run 7
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Figure 53A- 5. Moles Solid Dolomite and GdOHCO3 (per Liter Initial Void Space) and pH
for Run 7
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Figure 5.3A- 6. Moles Reactants (WP Materials, per Liter Initial Void Space) Remaining
in the Package, and pH, for Run 7

553.5 Sensitivity to Metastability of Goethite

The calculations summarized in Table 5.3-1 invariably predict the forniation of hematite (Fe2O3),
which is thermodynamically more stable than goethite (FcOOH). However, goethite is a
common constituent of rust, and may persist metastably. To determine the sensitivity of the
calculations to the formation of hematite vs. goethite, run 6 (Table 5.3-1) was repeated with
hematite suppressed, so that goethite precipitated instead. The resulting calculation (archived as
run Cerd3WO_00151 C02 LO nFL6i in Ref 16) predicted 14.9% Gd loss, compared with
13.2/c loss when hematite was allowed to form. The peak Gd concentration was 2.x10.2 molal,
vs. 1.8x102 moW when hematite was allowed to form. These differences are small, and are
probably within the uncertainty of the calculations.

6. Results

A principal purpose of the calculations was to assess chemical conditions that could lead to a loss
of neutron absorbers (particularly Gd and Hf) from the package, as well as conditions that would
allow the fissile materials to remain. A base case (run 1) was established in which all materials
were allowed to degrade together, albeit at differing rates. This first scenario gave little
opportunity for Gd loss, as the alkalinity of the HLW glass prevented the system from achieving
the lowpH conducive to.Gd dissolution. To increase conservatism, a set of 7 two-stage
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scenarios (runs 2-8 in Table 5.3.1) was developed, in which the Pu-ceramic was kept intact and
unexposed to water until the HLW had degraded. In the two-stage scenarios, pH as low as 5.25
was achieved due to degradation of the steels in the package. However, Gd loss was still
moderated by the fonnation of solid alkaline carbonates, the limited amounts of acid-producing
steels in the package, the alkalinity of the Pu-ceramic waste itself, and by the inherent alkalinity
of the J-13 water. In all scenarios, essentially all the Hf (represented by Zr, per assumption 3.16)
and all the Pu are retained, while up to 54% ofthe U is lost.

The calculations suggest that nearly all the initial Fe, Mn, Al and Si in the packages will be
retained, and from 72 to 100% of the Ni will be retained. A few principal minerals will dominate
the bulk volume of the degraded WP, and will account for the retention of Fe, Mn, Al, Si and Ni.
The calculations predict that smectite clay (an Fe-rich nontronite) will overwhelmingly constitute
the bulk of the volume, followed by hematite, pyrolusite and Ni2SiO4. The original Na will be
almost completely lost over the course of -10 years.
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Attachment I. C programs To Implement Flusbing Mode

- This file Is NXTI SAT.c, PC version of nxtinput.bat. */

/* Coomple with MSVC++ 4.x or later, as Console application -- RNStockman *1
/* NOTE eq6.exe is copied to eqG6dum.exe in the local directory. *1

include cstdio.h>
/' #include cconio.h: */
#include cstdlib.h2
#include cprocees.h>o
#include cctype.h>
Finclude .ctime.h.
#include "cstring.h>
finclude <io.h>
Pinclude .cmath.h>
linclude cdos.h>.

/* Reads the number of iterations aa the sole cozmand-line arg.-/
lnt main(int argc, char *axgv(I)

#define VtUF 128
#define MAX COUNT 1000
FILE *sfilePtr;
4nt countml,countMax-200; /* countHax from coind llne...*/
char buft[NBUFl

if(argc>l)
sscanf(argv(l1,5%d',&countMax);
if(countMax < 1) countHaxul;
elae if(count~axDMAXCOUNT) countHax - MAX-COUNTs

for(I count-count~axl printf(Onxti bat count a %d\n',++count))(
system (move bldinput.out inputg)y
spawnl (yYMT, eq6-dum.exeO, eq6dum.exeu,NULL)
system('copy /b allin+input allin')
system("copy /b allpick+pickup allpickl);
system("copy /b alloutsoutput allouto)l
system(ecopy /b alltabutab alltabl);
xpavnl (y WAITnxtinput.exe"',=xtinput.exeNULL)I

sfilePtr * fopen(Csfile','r');
if(sfLlePtr){

fgets(buf,NEUF-1,sfilePtr);
if (buft 10 -'gi 'I bufEl]1-'o')( /* may want strstr() instead 't

fclose(sfilePtr): puts(buf); puts ('abort from nxti bat.exe')g
exit (3);

fclose(sfilePtr)s

else {
puts('Couldn't open efile, exitin4 from nxti bat loop-); exit(3),

} /* END for() *1
spawnl(_P AT, 'rename .cxe', rename.exe',NULL);
exit(O);
#Pndef NBUF
#undef MAX COUNT
} /* END main() for nxti bat.c 'I
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/* This file is nxtinput.c ;/
#include <stdio.hz
#linclude cstring.h)
linclude .cntdlib.hz
include <math.hb

double getfloat(char*,int,int),gettobar(char',int);
void setup(),bldpickO,infromstdo)infromlasto,

convert(doubledoubleFILE*,FILE*),
utrinsert(char-,char',intint);

int locaterw(char*,FILE',FILE*),locatero(char', FILE),
locate2(char *,char*,FILE*),tobar(char*,lnt)1,findinline(char*),
puttobar(char*,char*,int),locatelof2(char*,char*,FILE*):

lnt finished-01
double mash2oend,duration;
char dummyj1OOtdummy(1001;
char froot[203,cname(2013
FILE *fout,'fpick.*fotemp,*fptemp,*fstd.*foutout,*finin,

*fttemp,*fx,*fin,*fname;

void main C
{int i,j,k,flag;
fswfopen(Usfile,'v'-);
fprintfCfs, go\n);
flag-l;
foutufopen( bldinput.out8,'w );/*file to be moved to input*/
infromlast()M}

void infromlastO)
(int l,J,k,dot;
char tempstrl3O),carbstr[71,*cp,sstring[60),tempstr2t201:
double dmj13,uwh2o,isb2ox,xc,yy,moles,dmoles,delmaxtime;
fin-fopen( bldinput.in'l,'r')/*lnput parameters special to this case*/
fstd-fopentinputg,'r")u/'template from last input file*/
fpick-fopen(pickup,'r');/'old pickup file; extract section to bldinput.out*/
-foutoutmfopen(outputs,or');/*from last iteration to new input*/
finin-fqpen(irnput,,r8);/*frcm last Iteration to new input'/.
fotemp-fopen (oteop ,ow ) /*store intermedlate segments from output'/
fptemp-fopen (ptemp , w) /*store intermediate segments from pickup*/
fgets(du=vy,90,fin): /'readthrough labels*/
facanf~finlstts ts tlf\nO,

tempstr,tempstrtempstr,&delmaxtime);/*only 1 param used this prgm'*/
locatero( Moles of solvent H20O,foutout);
msh2ox-getfloat(dumoyy,44,12): /*optional parameter from the first block*/
foutoutufreopenX output', 'r ,foutout);
strcpy(estring,' Reaction progress'):
if2(locatero(sstring,foutout)---1) /*find output block of interest'/

(printf (bad output file\n'):
exit(O);)

fputs(dummy,foteqP): /'and write it to temporary*/
while (fgets (dumry,90,foutout) I-NULL)

{fputs(dummy,fotemp);
if(strncmp(dummy,sstrLng,strlen(astring) )-.o)

(fotemp-freopen(Ootemp',wvfotemp);
fputs(dummy,fotemp):))

fotemp-freopenX otemp, rzfotemp)I/* re-open to find water'/
xtrcpy(sstring, Mass of solvent R200);
if(locatero(satring,fotemp)l-l)

{prLntf (Can't find ending water\n');
fx-fopen('sfile,"w')
fprintf(fe,scant find ending water');
exit O);)/'ending water*/

mash2oendugetfloat (dummy, 44,12):
fotemp-freopen('otemp', 'r,fotemp);/*now reopen for use*/
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iflocaterotoc pickup file",fpick)---l) /*start copying here*/
(printf (bad pickup file\nn);
exit(O);)

fputs(dummy,fptemp);
for(i-O;i<2;i++) /*readwrite through first 9IEQN*/

ffgets(dummy,90,fpick);
fputa(dummyfptemp);)

vhile(fgets(dummy,90,fpick)I-NULL) /*pickup to ptemp*/
(fputs(dummy,fptemp);
if(strnccp(dummy,8JEQ',3)-m0) /*read through without copying*/

while (fgets (dummy, 90,fpick) I-NULL)
if(strncmp(dummy,ac pickup fileu,strlen (c pickup file")) uO)

(fptemp-freopen("ptempo,"wv,fptemp)t/*tstart copying over again*/
fputs(dummy,fptemp) -
forUi-Otic2;i++)

(fgets(dummy,9o,fpick):
fputs(dummy,fptemp):)

breakt))
fptemp-freopent'ptemp',"r ,fptemp)I /*nov reopen for use*/
if(locaterw(' lEQg',fstd.fout) -- 1)

(printf ('bad input file\nl)g
exit(0),)

i-Ot Pthe next 10 lines increment the case number in the first line*/
while((icstrlen(dummy))&&(dummytill) .'))i++t
dot-lt

while(tduncyldot-l-l] -= 9 )&&(dumy ldot-i -l]>nlOl))l++t
for(jm0,J ij+-)tempstrtjldummytdot-i+jlj
tempstr i*'\0 ' *

k-atoi(tempatr)l
sprintfttempgstr,ututs",kl1,0.61w);
strinsert(dummy,tempstr,dot-i,strlen(tempstr));
fputu(dummy,fout);
i-dott
vhile((dummVy i]i)I )&&(dummykijII-' ))i--; /*now get root filename*/
strncpy(teznpstr,dummy+i+l,dot-i-1)I
tempstridot-i-l]- \09;
fname-fopen(Crootname',"w")v /*and write the root filename*/
fprintf(fname,"ts\n',tempatr);
foloselfname)t
fgetsx(dummy,90,fotemp):/*get ending value of ri from first line*/
*zoc-getflost(dummy,48,22);
if(locaterv("l starting value of zsi,fxtd,fout)u-2-)

(printf(Ocan't find starting zi in input file\n'):
exit(O);)

sprintfCtempstr,*t l5*.8lE,x)
itobar(dummy,l);
atriniert(du=my,ttempstr,1+1, strlen(tempstr));
fputs(dummy,fout); /*and put into input*/
fgets(dumzny,90,fxtd);
fputs(dummy,fout);
fgets(tdummy,90,fatd);/*this takes us to entry for starting time*/
if(locatero(' Time increased fromOfotemp) --- 1)

(printf(Ocan't find last ending time in output\no):
exit(O)g)-

fgetx(dummy,90,fotemp):/*thia line will have end time of last run*/
xx-getfloat(dummy,31,12)s
sprintf(tempstr,"tll.51E8,xx)
intobar(tdumy,l);
if(i---l)

lprintf (cant find slot for starttime\nn):
exit(0)1)

strinsert(tdummy,tecpstr, il,atrlen(tempstr))$
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istobar (tduuey, 1+1),
intobar~tdui~yei+1);
ifU(i--I)

(fs-freopen(Vsfile,9w.,fa);
printf(ucant find slot for maxtime\n");
exit(O):)

/*yy-gettobar(tdummy,+2); */
sprintf(tempstr, *12.41E0,xx+delmaxtime);
atrinsert(tdummy,tempstr,i~l,strlen(tempstr));
fputs(tduuny,fout); /*and put into input*/
fotemp-freopentotempu, r',fotemp);/*last read was beyond current intereut*/
if(locaterot, Reactant Moles Delta moles",fotemp)au-1)

{printf(scant find values for reactants in the output filel\n)j
exit(OW);

fgeto(tdutmy,90,fotemp);
fgetu(tduaey,90,fotemp);/*get to first reactant in otemp*/
while((finished.-O)&&(strncmp(tdumny, \ng,Z)l-O))/*loop to do all reactants*/

(moles getfloat(tduamy,29,10);
dmoles-getfloat(tdu qy,42,10)t
locaterwv(l moles remainingOfstd,fout)Q/*next reactant*/
sprintf(tempstr, 110.41E",molea);
strinsert(dunmy,temp.tr,20,strlen(tempstr));
if(strncmp(tdummy,' J-13 water",12)1-0)

(sprintf(teinpatr2, %l0.41E,dmoles);
strinsert(duzmytempstr2,58,trlen(tempstr2)),)

else
(dmj13admoles;
finished-lI) /*Water Is the last reactant*/

fputs(dunmy,fout):
fgets (tdu=Oy,90,fotemp);)

if(locatero(O Moles of solvent N20,fotemp)=--1)
(fprintf(fz,9cant find moles water in output\n");
exit(O)t)

msh2omgetfloat(duzmy,44,12);
k-locaterol --- The reaction path has terminated normallyl,fotemp);
if(km--l) fputs(abnormal reaction path termination\n',fus)
fotempufreopen(otemp","rfotemp)t/*back to the top again*/
lft(k-locate2t* C03-- ,* RC03-*,fotemp))--l)astrcpy(carbstr,"I C03--")I
else if (k--2) ztrcpy(carbstr,"f 9003-D);
fttemp.fopenCOttemp ,*w)s/*will later attach to input*/
ifClocatelof2(8j C03--6,'I MC03-'.fptemp)m--l)/*also copies ptemp to ttemp*/

(fprintf(fs,Ocant find line to insert carbonates in pickup\nu)
exit(O):)

strinsert(du=my,carbstr,o,strlen(carbstr));
fputs(dummy,fttemp)i
while fsets(du=my,90,fptemp) INULL)fputs(dummy,fttemp);/*reut of ptemp to ttemp*/
fttempufreopen( ttemp', rl,fttemp);
if(locaterwl c pickup file",fstdfout) -- l)/'transfer the relevant remainder of the template*/

{fprintf(fsOcant find start for pickup info\n')s
exit(0);)

convert(msh2o,dmjl3/3,fstd,fttemp);)

lnt locatelof2(char nstring[501 ,char xstring2[50 ,FILE *fp)
(lnt foundl-O,found2-Oj
while(ftoundlamO)&&(found2-=0))

(if(fget (durmy,90,fp)--NULL)return -1;
if(foundl-mO)

ift(strncmp(dummy,sstringl,strlen(sstringl))a.0)
foundl-lt

if(found2=OV)
if(strnccmpdummy,sstring2,strlendsstring2))--0)

found2-lt
ift(foundlmmO)&&(found2--0))fput (dumqy,fttemp)h)
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if((foundl-o.)&&(found2u=O))return -1;
else return 0*)

void strinsert(char inline[901,char insert[90] ,int stast,int len)
($nt i,
forsuO dilen7i++) iinelstart+L]wlisertlIl)

int locate2(char astringl£501,char sntring2150 ,FILE *fp)
(int i,foundluO,found2wO;
double xl2O,x2m01
char buffer[lOD];
while((fgets(dummy,90,fp)ImNULL)&&((foundl--O)11(found2..O)))

4 trcpy(buffer,dummy);
if f oundl-0o)

if (trncmp(duxmy,catringl,atrlen(astringi) -mo)
(foundllm
xl-getfloat(duxmy,28,12):)

if (found2.-0)
if (strncmp(dummy,xstring2,strlen(astring2)) -0)

{found2-1;
x2-getfloat(dummy,26,12)h))

if(xlcx2) return 2;
else return ls)

4nt locatero(char sxtring[60J,FXll *fp)/*read only*/
(while (fgeto (dummy,90,fp) I-NL)
ifindinlinetustring) -.1)return 2.

return -l;)

lnt locaterv(char satringI[0,7FILE *fpinFILE *fpout)/*read&write*/
{(hile(fgetxtdu y,90D,fpin)I-NULL)

(if (trncmp(duzmysatring,strlen(ustring))--O)return 1;
fputsCdui=y,fpout)1)

return -lt)

void convert(double x,doul~le z,7ZLZ *fins,FIL= *finp)
(lnt i,count-O;
double u,v,w,r;
char bufferjlOOl,tempISOj,temp2[503;

ifCmazh2oendvr>1) /* to bring the free water back to I kg */
(r-1/masb2oend;
printf(aconverted to %f\nOr);)

iftlocaterw(I elements, moles ,finp,fout) --- l)/'readwrite to this point*/
(printf (Icant locate place to put new values of reagents in input\n)
exit(0);)

fputs(dummy,fout);
fgets(buffer,90,finp);
fpute(buffer,fout):
fgets(buffer,98,finp);
whle(strncmp(buffer,| ------- ,…8)1-0)

{vmgetfloat(buffer,55,21);
v-w'ri
u-getfloat(buffer,30,21)-wv (-r);
sprintf(temp,.%22.l5lE6,u);
strinsert(buffertemp,29,strlen(temp));
xprintf(temp. I%22.15lE,v);
strinsert(buffer.temp,54,atrien(temp));t
fputs(buffer,fout);
fgets(buffer,90,finp);
count++.)

fputa(buffer,fout)t
forliwO~ilc2;i++)
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{fgets(buffer,lO0,finp); /*readthrough to species table*/
fputs(buffer,fout):)

for(lmo:icounti++)
(fgets (buffer,100,flnpI:
vwgetfloat(buffer,56,22);
sprintf(temp,'t+20.151E',wVlOglO(r)):
strinsert(buffer~te pS6,trlen(temp));
fputs(bufferfout):)

while(fgets(buffer,200,fnp) INULL) fputmlbufferfout) '

double getfloat(string,start,len)
char string[l001;
lnt stzrtleni
(char teup[301;
mtrncpy(tewpstringestartlem):
tempilenI a\'0:
return atof(temp);)

double settobar(char linet[1001,nt start)
(int1i;
char temp[301)
i-startt
while( (Lcstrlen(line))&&(linel[ l'a'))

(teqpt C-starti -line [LI
i++;)

tempti-3'\0';
itMlinetill.'j')return -1;
return atoft(temp)s)

lnt puttobar(char linel00],char string[30),int start)
(lnt i,k:
imstart;
katrilen(string):.
while ((icstrlen(line))&&(lineti]In' l)&&(i-start~k))

(line [ii-string [i-startl ,
1+.,)

if(line El] 'P)return 1;
else return -lt)

Int tobar(lcbr linel0ool,int start)
lint il
i-startt
vhile((i.cstrlen(line))&&(lilnet la'1 '))i++;
if(line(LI.-'I')return i;
else return -lt)

lnt findinline(char astrlngES0])
(int Lao;
while (IcOD)

lif(strncwp(duy.y+ilsatringatrlen(satring) )--) return 2t
else i++4)

return 0:)
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J ALLN BAT.C, Win9S Console program to perform functions of UNIX allpost.bat. */

1' To be compiled with Microsoft VC++ 4.x or later. Modified from .allpbat.c. *J
/* to use newpost.exe (newpost.e) replacement for postproc.exe (postproc.exe). ^/
/- Adds simple convenience features not in original UNIX allpost.bat: */
/* Command line arguments: see See SetPlags ( for command-line list and *1
J- implementation status, of use -h command-line arg to see status. */
1* The -mfilename argument passes the minerals list in filename to */
P* newpost. Can change inner and outer loop counts, and automatically *J
P* rename the final files to reflect rootname in bldinput.in. */
/* Distinctive header: alln bat writes a header to the tops */
/' of the *.allpost, *.lastpost files, with run info, dates, etc. '1
/* Last input file, is saved as last lnp to make restarts simpler. -HNS */

/* VW Stocknan */
#lnclude cdirect.h>
#include cstdio.h>
#include cconio.hb
#include cstdlib.hb
#include cprocess.ho
J#lnclude <ctype.h.
#lnclude ctime.ha
#include cstring.h>o
include cio.hb
#include cmath.h>
pinclude <dos.h: .

#define MAX SNNER 1000
#define mIN ZHNER 2
#define MPx OUTER 200
#define MIN OUTER 2
#define MAX R=X*M 2 P* for now 0 is no rename, non-zero to auto-rename */
#define MrN RENAMZ 0
#define MAX RUNLASTPOST 2 /-for now 0 is don't run lastpost, non-zero run */
#define MIN RtNLASTPOST 0
#define FLAZ HELP -1

/- NOTE the -e feature (elemName) is not implemented as of 9-12-98 */
struct flags struct (

lnt inneri /* innei loop iterations, -i 1ff
int use innerl
int outerg /* outer loop iterations. -o IN */
lnt use outer;
lnt rename; t* auto-rename files, -r # */
int use rename;
int runLastpost; /* auto-rim lastpost files, -1
int use runLastpostt
char elemNamej /* list of elements to postproP, -e filename.txt */
int use elemName;
char minName; /* list of minerals to postproc, -m filename.txt */
int use minName;
)FLAh;

/*m-"------m--- .rnsm.... FUNC~TON DECLARATIONSm.inu'uu .mu.............. ------- .....-/

Lnt Y or X(void);
Lnt Setflags(int argc, char *argvll, struct flagsstruct *fp);
FILE *Make~ead(int *ierr, char *headName);
int FileOK(char *str);
int GetlDName(char *ztr, char *fname, char *token, lnt nstr);
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/ *''''''S-""w-..S.......i..r........... FA:N() - * .... u.u,,,,,,m,,,,,,, */

lnt main (it argc, char *argvll)

#define NMUF 256
FILE *sfilePtr,*bjdinput _nPtr, *head fP
lnt iCount-l;lCountMax.200;
nt oCount-1,oCountHax-9, iTemp;
int i;
I' some internal flags 'I
lnt iRunLastpostaO, iRename-O;
lnt len, lenEnding, lenRen, lenSrc: P length of string, ending '1
/' Use Allpost, sLastpost so we must change names here only */
/* (i.e. may change ending to O'sum, later). */
char *sAllpont m*.allpost"-
char *sLastpoot * .lastpost"I
char *sAlltab a O.alltab;
char *sAllin -.. allizni
/* we use "move' rather than *ren since latter will rename directories *1
char *sRename * "move *; I' DOS rename command, followed by a space. 'I
char buf[NBUFI,fname[NBUF]; P Add filename fname for cleanup block *1
char strDB [NEUF, strEQG NBUF), strEQLrBtNEu];
char *headName a head--_ -*t

/*^^^^AAAAAA^^AAA Translate flags to local vars AAAAAAAAAAAAAA
0
/

if(SetFiago(argc, argv, LAG) FLAG KELP)(
exit(O); '* if we displayed help, quit *1

P have structure set, use to set varn local to main() *j
if PLAG.usejlnner) iCountMax - FLAG.lnner;
if(FLA .use outer) oCountMax - FLAG.outer;
/* query user In case the inner count is lees than outer '/
if (CountMax < oCountMax) (

printf( The inner count %d is leas than the outer count %d; switch? (Y/N)\no,
iCountMax,oCountMax);

if (Y._oryNOm-'Y') (
iTemp * iCountMaxi
iCountMax * oCountMax. oCountMax * iTemp;
}

if(FLAG.uue rename) iRename - FLAG .rename;
if PLA .use runLastpost) iRunLastpost - FLAG.runLastpost;

J-^^^^^^^^^^^^^^^ END translating flags to local vars AAAAAAAAAAAAAA
0
/

/* Start making the header for the allpost and lastpost files */
head fp * Make~ead Ci, headName);
/* Write the co=mand line and actual args used */
if(headjyp){

fprintf(headjfp, "Coemand line- O)z
for(iLO; iargc; i++){

fprintf(head fp, %st, argvjil);

/* write actual arguments */
fprintf(headjfp, \nactual inner loop count- td, actual outer- %d\nO, iCountMax,

oCountMax);

/* Note we try to run rest of alln bat, even if we couldn't make a header; '
/* for case where header file is left in ambiguous state by system crash. */
/P Below we will check that headjfp is non-NUL. .1

/* Clean-up, to prevent concatenating old files. */
remove (allino); remove(malltab'); remove(wallin N); remove(Oalltaba);
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remove(lallout"); rmove(lallpostl);

/^-*******.*.***.** MLN OUTER LOOP**** ***-/
for(oCount-li oCountc.oCountMax; printf(Nalln bat oCount a *d\n",++oCount))(

for(iCount-lp ifcuntcwiCount~ax; printf('alln bat iCount W ld\n2,++iCount))(
system (move bldinput.out input);
/* The eq6.exe must be locally named eqg6dum.exe */
spawnl(] P yAITIeq6_dum.exe",*eqg6_dum.exe,NIULL);
system('copy /b allin +input allin *);
system(*copy /b alloutioutput allout");
aystem(ocopy /b alltab + tab alltab-0);
/* 6-19-98 add extra test *'
if(FileOXK(inpute)) system(mcopy /b input last lnpa);
spawnl(_P]. hAT, nxtinput.exe",wnxtinput.exe ,1ULL);

sfilePtr * fopen(IsfileO,'r');
if(sfilePtr)(

fgets(buf,NEUF-l,xfilePtr);
if(buflOll-'g' || bufEllm'o')( /* may want strstr() instead ^/

fclose (filePtr); puts(buf); puts(labort from alln bat inner*);
exit(3)

fclose(sfllePtr)J

eloe(
puts('Couldn't open sflle, bye-bye from alln bat inner loop'); exit(3);

) /* END inner for() */
system(Odel'iootname');

if(FLAG.useu inIame LL 2FLAG.useeelemName){
spawnl(_ ( AITS, newpost.exe', newpost.exe", -t'",FLAO.minNameLLL)

else spawnl] P ( AST, newpost.exe', newpost.exe",NULL)g
system(acopy /b allpost+pontproc.out allpost*):
remove(wallout'); /* ansi */
/' Concat inner loop versions to outer loop versions */
aystem(mcopy /b allin + allin allin');
remove (alllpn.-')S
system(ocopy /b alltab + alltab alltab-);
remove ('alltab_'):
} /* ZSD outer for() *1

END MAMN.OUTER LOOP

/* Finish adding more header info to lastpost/allpost, to increase traceability: */
if(head fp)(

i * GetlDNametatrDB, Nalltab", odataO.0, KBUF);
if(i) fprintftheadfp, 'database (from alltab)-w s\n", strDB);
i w Oet=DNametstrEQ6, walltaba, *eq6.*, NbUF);
if(i) fprintf(headjfp,'eqG revision (from alltab)- %u\nw, strEQ6);
i a GetlDiame(strEQLIB, *alltab', 'eqlib.', NBUFJ
ifMC) fprintf(headjfp,0eqlLb revision (from alltab)- I s\n', strEQLZB);
fprintf(head fp, *..-+m+a+-+ i+u. u++-+i+m+.+-+m+m+m+um+u+-+-+.+m+u+i+m+-+-+m+i+-+\u'):
fclose(head_fp):

/*::::::::::::::::st:: Cleanup block below ::::::S:::::::::*/
/* activity in this block conditional on whether a flag Is set or not... */
/* Find longest ending of name:
lenEnding a strlen(sLastpost);
len a strlen(saMlpost)l if(len'lenEnding) lenEnding-len;
len * strlen~sAlltab); if lenxlenEnd4ng) lenEnding-len:
len * strlen(sAllin) if (lenolenEnding) lenEnding-len;
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/* If no lastpost option on command line, query user *1
if (I pLO.use runLastpost) {

printfC*Run lastpost to condense the ailpost file? (Y/N)\no);
iRunLastpost * (Yor xO--'Y') ? 1 : 03

if(iRunLastpost){
spawnl(_P WAXT,"laatpoat.exe",'lastpost.exeCUL);
puts(l .... ran lastpost .... ');

/' Add a header to allout and lastpost.out . '1
/* We control size of concat strings, so don't need strict length controls. J

atrncpy(buflcopy /b *,1NBtP):
bufDBUF-lJ a 0;
atrcat(buf, headName)
atrcat(buf. * + allpost temp--.-_)J
system(buf):
system(omove temp-.-..- allpost');
/* On bizarre -filename: Since we are in a multi-tasking environment, '/
/* and many processes may be making and reusing temporary files, we 'I
/* use a temp file name that is unlikely to be used by other processes. *1

ifCiRunLastpost) {
strncpy(bufgcopy Ab *,NBUF)s
buf EBUF-l1 = O;
strcat(buf, headName)*
strcat(buf, a * lastpost.out temp-.-')
system(buf);

system(86ove te2p_-._ lastpost.out)lz
)

/* fetch the desired file group name from bldinput.in *1
fname(OJ a 0;
bldinput inPtr * fopen(vbldinput.in8,'r*):
if (bldinput inPtr){

fgetu(buf,tNUF-1,bldinputjnPtr)j /* dummy read of header *1
fgets(buf, tBUF-1,bldinputinPtr);
fclose(bldinputinPtr),

clre (
putst"Couln't open bldinput.in in alln-bat cleanup block, bye-bye); exit (3)

sscanf(buf,8%s' ,fname); fname[NBUF-li - 0;
len B strlen(fname)t /* locate end of rootnaine *

I$S$$$ Block for. automatically renaming files from allpost, etc. to $$$$$*/
/*$$$$$$ rootname.allpost, etc. where rootname is from bldinput.in .
if (len+lenEndingcNEUF-l){

if(!FLA.use rename)(
printf (Do you want to rename:\n'):
if(iRunLastpost){

printf(" lastpost.out to %sts ,\n',fname,sLastpost)Q

printf(C allpost to tss ,\n',fname,sAllpost);
printf(o alltab to ttss ,\n*,fname,sAlltab);
printf( allin to tss.7\n',fname,xAllin);
iRename - (Y or t()m-'VY) ? 1 : 0;
I
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if(iRename)(
/* note syatem() returns 0 for failurel */
len - strlen(fname);
lenRen * strlen (Rename), *trncpy(buf,xRename, NBUF-1l)
I' allpost */
lenEnding a strlen(sAllpost);
lenSrc a xtrlenX allpost *)s I' note space */
strnepylbuf~lenRen, allpost 0,NBUF-l-lenRen)
strncpy(buf+lenRen+lenSrc,fname,NBUF-l-lenRen-lenSrc);
strncpy(buf+lenRen+lenSrc~len, Allpost , NBUF-l-lenRen-lenSrc-len);
buftNBUF-l -01
system (buf)
/* alltab */
leninding s strlen(sAlitab);
lenSrc * strlen('alltab J: P* note apace */
atrncpy(buf+lenRen,salltab ',NEUF-1-lenRen);
trncpy (buf+lenRen+lenSrc,fname,NBUF-l-lenRen-leiSrc)5

strncpy(buf+lenRen+lenSrc+len, sAltab, NBUF-l-lenRen-lenSrc-len)
buft NBF-l] -O;
system(buft)

.J* allin */
lenEnding * strlen(sAllin);
lenSrc a strlen('allin '); /I note space */
strncpy(buf+lenRen,'allin ',NBUF-l-lenRen);
strncpy(buf+lenRen+lenSrc,fname,NBUF-l-lenRen-lenSrc);
strncpy(buf+lenRen+lenSrc+lensAllin, KBUF-l-lenRen-lenSrc-len);
buft NBUF-1I NO;
system(buf);
if(iRunLastpost)(

'/ lactpost */
lenEnding * strlen(sLastpost)
lenSrc a strlen(Olastpost.out ')I /* note apace */
strncpy(buf+lenRen,1laztpost.out ',NBtF-l-lenRen);
strncpy(but+lenRen+lenSrc,fname,NBUtF-l-lenRen-lenSrc);
strncpy(buf+lenRen+lenSrc+len,sLastpost, NBUF-l-lenRen-lenSrc-len)j
buftNBUF-11mo;
system(buf);

/*S$SSSS END Block for automatically renaming files from allpost, etc.$$$$SS*/
1**tiittttttttttttt END Cleanup block ,zzstzs s:sszssz:ssstssztzsszz*/

putse(wmmanow, REMINDER: the last input file was saved as \"lastinp\ -"u----. )
return (0);
lundef NBUF
} /* END main() */

** *** END main() *
/ ---- .. --- minm.mu ---nmm . FUNCTIONS . . ..... um-u----/
/* Y or NO requests a yes or no from the keyboard */
/ .**.e..**/
lnt Y or N(void)

int i-Os
for(g;) {

1 . toupper(getchO);
if(ia-'Y' || ia-wN') break;
puts("Please answer Y or N *);

return(i);

/* Set Flag structure based on comazid line arguments. */
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I' NOTE here fp in KoM a file polnterl */
/* RETURNS: FLAG 3ELP l-i if finds a *help' character; 1 otherwise. *
/* The -1 condition should be used to terminate the program... *
/* SEE flagsstruct for other notes /
I ****.*******.***.****..***..****..*.-*o*..**./

lnt BetFlags(mnt argc, char *argvl , struct flagsstruct *fp)

lnt iflag,uflag, lens
char *argptr;

static char *stra
FLAG ARGUMNT MHhT IT SETS ZMPLEMENTED?\n\

____ _______ ____________- ------------ \n\
-1 integer Inner loop counter, over nxtinput y\n\
-o integer Outer loop counter, over newpost y\n\
-r integer auto-Rename fliles using bldinput.in root y\n\

(0-no, l-yes: default prompts user) \n\
-1 integer run Lastpost at end to condense allpost y\n\

(O-no, 1-yes: default pro pts user) \n\
-c string filename with Elements to postprocess N\n\
-m string filename with Minerals to postprocess y\n\

-h | -? none> display this list yll

fp->use lnners0i fp-Duse outera0l fp-,use rename-0;
fp-2.useelemName=0: fp-3use minName-0: fp-'use_runLastpost-0j

for(al;-1:iargc: 1++){
/- find next '-' switch 1

/* NOTE icargc MUST come first to avoid core dump at end of list */
for(:icargc && argvliltO I-'-': i++)t
if (i-argc) breaki
flag * argv[iI ():
uflag - touppertflag);
len * strlen(argv[Cli)
if len<-l) continue:
iftlen--2 && (uflag..IH jI flag--7?))(

puts(str);
return (F.AqHELP)

argptr * argvjl+2; /* normal case, e.g. -fmyfile */
if(len--2){ /* has form -f: check if next token is argument *'

if(lcargc-l && argvti+ 10 I 1- S-){
argptr - argvli+llt

else continue;

)
else argptr * argv~l] + 2:

/s set flags according to switch '/
switch (uflag) (

case 'El:
fp-D-elemName a argptrj
fp-ouse elemName * 1;
break;

case 'M:
- fp-;minName a argptr:

fp-D.useudinName - lt
break;

case II':
sscanf(argptr, %ds,&(fp:,n.inner));
if(fp-Dinner < MIN INNER){

fp->inner - HIN INNERS

*BBAOOOOOO01717-0210-OO018 REV 00
1-12



iftfp--inner . MU AXJNNER)(
p->inner * HAX3.NER:

fp->use inner - 1;
break;

case '0':
escanf(arsptr. 'd%,&(fp->.outer));
if(fp--outer 4 MIN OTER) (

fp-xouter * MrN OUTER;

if(fp->outer 2 MX OUTRR){
fp->outer a MAXOUTER;

fp-ouse outer * 1;
break;

case 'RI: /* rename the all^ and lastpost.out files'/
socanf(argptr,'td%,&(fp-:'rename));
if (fp-2rename c MnI_REHAME) (

4p-3rename - MINDRENAMEt

if (fp-2rename ; MAX RENAME){
fp-zrename * MAXS ENXME;
)

fp-ouse rename * 1;
break;

case L: /* run lastpoat on allpost *1
sacanf(argptr, Qd% &tfp->runLastpost))t
if (fp-3prunLastpost c MIN RUNLXSTPWO) {

fp->runmLastpost a M = UNLASTPOSTI

if (fp->runLastpost > MHAXRUNLASTPOST){
fp-o.runLastpost - MAXRUNLASTPOST;
}

fp->wue runLastpost * 1
break;

return(1)t
) /* END SetFlags() 'J
/ ---------------------------------------

/* This function creates the first part of a header for the (renamed) *1
/* allpost and lastpost files. The header begins with the descriptive *1
/* portion at the start of bldinput.out, which at the invocation of */
/* alln bat.c, contains the Initial *.Ci file. The bldinput.in is also *1
/P echoed, along with the co=and line, current working directory, */
/* and some information bout the system. */
/- RETURNSs the pointer to the header file. Note if this Is NULL, the 'I
/* calling program does not attempt to write a headerl though the */
/* circumstances when a NSLL would be returned would be extremely unusual. */

FILE *MakeRead (nt *ierr, char *headName)
(
#define MAKEHEAD SZ 128
#define MAAEHEAD LINES 128
FILE *bldin-fp, *bldoutfp, *head_fp-NULL, *junk p-
int in,'Itatus, len;
char buft(MAIEEADBSZ|, dutmMAKEHEADSZJ, *str ptr;
struct tm *ptm;
time t ltime;
static char *dasbes -

e\n ----------------------------------0-----------------------;

*ir .6;
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headjfp a fcpen(headName,"w")
if(:head4fp)(

return(headcfp); /* can't open main file, give up and report NULL 'I

/* BEGIN echoing bldinput.out */
bldout fp * fopen(*bldivput.out9,8r*);
if(Ibldout fp) *ierr - 1l
else ( /* read bldlnput.out ^/

forsUl0o icM)aXHEAD LINES; I++)(
str ptr * fgetclbuf,FAXEHEADSZbldoutjfp),
if(str.ptr a- buf)(

/* paranoia */
buftMAXEHEAD SZ-1 m 0;
strncpy(dum,buf,MAXEHZADSZ);
strlwr(dum);
iftstratr(dum,"1 calculational model)) break; /* end of stuff we want ^/
fputz(bufheadkfp);

else *ierr - lt
}

fclose(bldout4p);

/* END echoing bldinput.out */
/* BEGIN echoing bldinput.in */
bldin fp * fopenlmbldimput.in'.'rl)s
if (bldin_fp){

fprintf(headjfp, *bldinput.in from cwd-\n);
fgets(buf, MAXzHEAD SZ, bldin tp);
fputs(buf, headjfp)t
fgets(buf, MArEHEADSZ, bldinjp);
fputs(buf, head fp)t
fclose(bldinfp);

m* END echoing bldinput.in */
fputs(dashes,headj_fp)
/* BEGIN printing localtime, current working directory, apparent user name */
timet&ltime);
ptm w localtiue(&ltiue);
fprintf(head fp,"time of run: *02d/%02d/%04d %02ds%02d:%02d\n-, ptm-3tm yonil,

ptm-:txLmwday, ptm-etm year+19O0,ptm-;tm-hour, ptm-.tm uin, ptm-tms ec)I

/* A note on localtime and Y2K compliance: localtime vill correctly print *1
/* the year to 2036, which in 1900 + (int)(pow(2.,32.))/(secondsperyear)..*/
/* If the year in clearly incorrect, print a flag to that effect, in case */
/* someone is still using this program in 2037. */

iflptm-itm.year;.136 11 ptm-3tm year.70){
fprintf lheadfp, ONARNING: the date above may print year accurately\n);
fprintf(headjfp, *if true year is 3- 2036 (gmtime(, localtimeo)). \nl);

getcwd(buf, XAXEHEAD.8Z);
fprintf(headcjp, *CWD- %s\nm, buf);

/* MIGHT eventually encaps next block in an Iifndef UNIX. */
/* The following is specific to DOS systems; aim is to find enough info 0/

/* to identify users of the machine (via password list file names) 0/

/* without invoking complicated OS username routines. */
/* Find.the user name Implicit in pwl (Windows password list files) */
/* NOTE: could use GetUserName under win95, but that doesn't identify the */
/a machine; doing a dir on pwl files gives volume serial number too... */
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B* Beloa we captute the password filenames, as vell as disk serial number, *1
/' in a temporary file. */

system(odir c:\\windows\\*.pwl *
junk fp * fopen(- a-rm- )
If (junkjfp){

fprintf(head fp,,This machine has following password lists:\nw)
fortl-Os IClO: i++){ -

str ptr - fgets(buf, MAXEHEAD8SZ, junkfp);
if(strptrm.NuLL) break;
/* check for lines we don't need to print; fgetsIO shoud O-terminate... */
len * strlen(buf);
/* skip lines that are very short or start with 3 blanks -- the latter */
/* are lines giving bytes free, etc. */
if Itlen<2 || (len>'3 && bufrOl--' ' && buf ll=-'' && buft2J-'. 'M))

fputs(buf, headfp)

fclose ljunkfp);
tnl ink (- -_ --)

/* END printing localtime, current working directory, apparent user name
fputs(dashes, headjfp)s

return(headfp);
#undef MAXEEEAD SZ
#undef MHPJEEAD LINES
} / END tKakeRead() *1
/*------------- / -
/* if a file can be opened to read, and has non-trivial length, it is OX. */
/* Assume string is 0 terminated. '
int FileOX(char *str)

FILE *fpj
int fn,il

fp m fopen(str,or');
if(tfp) return(l)l
fn - fileno(fp):
1 * filelength(fn):
If(ic2V(

fclose~fp)i return(O)s

fclose(fp).
return(l);
} I* END FIleOKO) 'I

/* Like GetDBName, but finds full ID name from specified filename, */
/* compared against specified token (e.g. dataO., eq6., eqlib.)
/- and put it info str; nstr is max size xtr... currently assume
/* file is text, could pass *rbO... */
lnt GetlDName(char *str, char *fname, char *token, int natr)

4define GETID SZ 128
FILE *fp5
int i, icode;
char buft(GETID SZl, *cptr:
icode * 0;

fp - fopen(fname, r")
ifllfp) return(O)
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fortimOi ilOO; i.++I(
if (I fgets (buf GETID SZ, fp)){

fclose(tfp); retuxn(O)s

strlr(buf);
cptr a stratr(buf, token);
if(cptr)(

1* find ending whiteapace */
strtok(cptr, , \n\t,;:)s" /* vill write a \O at any "1
strncpytstr, cptr, nstr); strtnatr-11-O;
fclose(fp); return(l);

fclcne~fp) ;
return, ()
#undef GETID SZ
I /- END GetIDt~ameC) *1

/*MMClt=aie/* - --- -------------------- ----------- ------------ -----------

BBAOOOOOO-01717-0210-00018 REV 00
1-16



/* This file is newpoat.c 6-23-98 NW Stockman /
/oooooooooooooooooooo*.ooooo.oooooooooooooooo*/
/* Derived fro PostprocP.c. latter written by P. Oottlieb, modified by P. Cloke. */
/* This version designed allow greater flexibility by passing lists of mineral.. 0/

/P NOTE the columns are nov TAB-DELIMITED, so HEADERS MAY NOT */
/* APPEAR TO LINE UP OVER COLUMNS, but it is now trivially easy to paste tabbed '1
/* blocks of data into Excel.... */
/* NOTEs As of 7-29-98, the option to read in the minerals list is implemented, */
/- but the option to read in an elements list IS NMO YET IMPLEMENTED. */
/* 7-10-98 tab the reactants, too... ^/
/* 7-7-98 hvs got working, tested pp40-41 YMP#2 0/

/* NOTE to get the minerals list file option to work for solid solutions, */
/- you should put 3 spaces In front of name, as in PGas original mnrlstrj 13 */
/P array below. To make sure species like NpO2 are sufficiently unique, you */
/* should end the name with a space, and verify the space is preient in ascii file, */
/* else species like NpO2SO4- may get picked up, when the actual mineral is NOT */
/* presentll */
#include <stdio.ho
#include catring .h-,
#include cstdlib.h>
#include cmath.hi
#linclude cmalloc.h>

#define FLAG HELP -1
struct flags struct {

char 'elemName; /- list of elements to postproP, -e elementx.txt */
lnt use elemName;
char *'mnName; /* list of minerals to postproc, -m minerals.txt */
lnt use minName;
I FLAG;

#define DAYS1000_YRS 365248.6 /- hwa 7-7-9B */
#define MAX OUTS SZ 4000 /* hwx 7-7-98 */

double getfloat(char*,int,int);
int locate(char*,char*),getreacts(),numreacts;
void msgerr(char*,int,int),trimb(char*).getelements(3:
/* hvs adds args to getmnrls(O, below o/

int finished.0O
char dumay[1502 , reactstrsa 203 [201
FILE *fout,*ferr,*fin,*fout,*fallyrulofallyrs2,*fchgyrsl,

*fchgyrs2,*froot;
float ph,is,mos,maa,bplusstime,b,gd,pspuu,5l3,reactvalsl203;

/P hws funcs */
#define MA)MINERALS 100
#define MINERAL NAME SZ 33
lnt ReadMinNames(char *fName, char wName [3 [MINERAL WNE SZ3, 1nt maxmin):
void getmarls (char minNames ) (MINERAL yAMESZ3 , float minMoles (, lnt nfinerals)
int SetFlags (int argc, char *argvl(, struct flagsstruct *fp)

/- this line below replaces old explicit floats for mineral amounts /
float FMINERAL VOLE [MAXMINERALSI:
/0

puo2,npo2,amohsoddhaiw,rhabdo,gdpo4,ndpo4,wmpo4,gdohndoh,euoh,smco3,laf,
gdf,ndf, smf, sgcl, rh2o3, ruo2,dias,hemagoet, trev,nisipyro,smec,noncanonk,
nonmg,nonna, cauo,uo3;

*-/

/* 6-23-98. we could allocate below, but at 3300 bytes, who cares? */
/* I'll make my var globals all caps */
char MINERAL NAME (MAXMINERPJS] (MINERAL NAME-SZ];
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/* 7-7-98 need to keep the old mineral name list as default */
#def ine KMINPG 33
#define MIN SZ PG 20
char MMRL STRStDMN PG] (MIN SZyPG.( AmORC03 *,*- CaU04 -, Chlorargyrite, R Diasporewa
Eu(OR)C03(s),

* CdOHC03 *, Goethitel,w Haiweeite",n Hematite",, NdoHCO3 O," Ni2S1O4 *,
*NpO2 R,D Pu02 *, Pyrolusitee," Rh2o3 *,- RuO2 *," Sm2(CO3)3 *,- Soddylte',
* Trevorite',O U03t2H20w,m Smectite-di*,m Nontronite-Ca', Nontronite-KO,
* Nontronite-Hg"," Nontronite-Nal,' Rhabdophane-ss', NdPO4:H20u,
* OdPO4:9200,9 SmPO4:H20',9 LaF3zO.SH20',O NdP3:0.5H20.,
* GdF3:0.5H209,' SmF3:0.5H201)v

struct OUTREC
(struct OUTREC *next;
char datat1000l)t

/oo*o*ooso*00000000.O I4JN2 000000000***0000000*00***-/

void main(int argc, char *argvtl)

lnt i,j,k,bcountuo,lcount.O,endblock,firstallmlfirstchg-1,
firsttime-l,newblock-l,fileflag-0I

struct OUTREC *pallyral,*pallyrs2,*pallyzs3,
*pohgyrsl,*pcbgyrs2,*pchgyrs3,*p,
*pfallyrsl,*pfallyrs2,*pfallyra3,

*pfchgyrsl,*pfchgyrs2,-pfchgyrs3j
char outs 41 MAX OUTS 8Z1, fatrESO],rootstrES03
lnt nlinerals, nElements, ii, ilen; /* hvsw ii for safety, in case PG depends on i */

/* hws 7-7-98: look for minerals list name, and attempt to read; if can't read, *t
/* fill in default minerals list */
/'^^^^^^^^^^^^^^^ Translate flags to local varn AAAAAAAAAAAAA 0 /
if(SetFlags(argc, argv, &FLAG)--PLAGL1ELP)(

exit(O)i /* if we displayed help, quit */

nMinerals * 0;
if(FLAG.use pinName)(

nMinerals a ReadMinNames(FLAG.minName, MINERAL NMM, MAXMINERALS);
if (nMinerals>0)

printfaw-j- FOUND td Minerals in %s\nl, .rMinerals, argvrl3)I
}

if (nMinerals){ /* copy PG's old list; can't just associate pointers, */
/* because we might depend on having full MINERAL NAME SZ xome day 0/

OMinerals - WMIN PGS
forU-.0 iN<MI1NPG: 1++) strncpy(MINERAL NAME iWMNRL STRS[i),INMERAL NAME SZ);
printft(defaulted to standard PostprocP minerals list\n);

ifC frootmfopen(Orootname',rw))lINULL)
(facanf(froot,"%s,rootstr);
fclose (froot),
strcpy(fstr,rootstr)a
xtrcat(fxtr,6.allout")i
if C(finwfqpen(fstr,wr1)) INULL)fleflag-l;)

if(fileflaug.o)
ifC(fin-fopen(mallout', rs))--NULL)
{printf(Cant open input file\nw),
exit(0),

if(fileflag-mO)ffout-fopen(Opostproc.out%, w),
else

(strcat(rootstr,'.postproc");
fout-fopen(rootstr, wO)W)
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printf(-filenace-ts fileflag&-d\n*,fstr,fileflag),
whlle(finished--o)

{if((k-locate( Time - ,2 .J-13 waterm))-.l)
(fgete(dumy,100,flin);

timemSetfloat(dummy,29,113,)
else if(k-mO) msgerr(OMised time',bcount,lcount);
else break; /*proper end of file */
if((kelocate( Reactant Molesz,

* --- Element Totals'))--I)
{if(firsttime-ul)

{numreacts getreacts l1)
firattimemo:)

else getreactstO);)
else if(k--O) magerr(OMissed reactants",bcount,lcount);
else magerr(lUnexpected end of file9,bcount,lcount);
getelements);
if(tk-locatet, modified NBS pH scale'," Ng'))-l)

ph-getfloat(dummy,37,8); /* pH */
else if(k-mO) ?wgerr('Missed pH8,bcount,lcount;
else msgerr('Unexpected end of file',bcount,lcount);
ift(k-locatet' Ionic strength3 , H+D))..l)

is-getfloat(dummy,38,13)i /* Ionic strength */
else if(k-mO) osgerr(aMissed ionic str-,bcount,lcount);
else msgerr(OUnexpected end of file',bcount,lcount);
if((k-locate(C Moles of solvent',' K+'))-ml)

mos-getfloat(durmy,44,13); /* Moles solvent water */
else if(k--O) magerr('Missed moles watera,bcount,lcount);
else magerr(OUnexpected end of file',bcount,lcount);
if((kolocate(I Mass of solvent 3,' H+))-nl)

mas-getfloat(dummy,44,13); /* Mass solvent water */
else if(k--O) magerr('Missed mass waterl,bcountlcount);
else msgerr(OUnexpected end of file',bcountlcount);
if((kolocate(I He+%, --- Summary of Solid Product Phases---0))--l)

hpluss--getfloat(dummy,68,9)Y /*' + */
else if (k--O) msgerr(OMissed H+O,bcount,lcount);
else mzgerr(OUnexpected end of filel,bcount,lcount);
ifCfabs(ph-hplussx)Dl.e-4)

(printf(Itf tf\n',phhpluss)
=agerr( pH mismatch',bcount,lcount) }

getmnrls(MINERAL NME, PHINERAL _OLZ, nMinerals);

if( kalocatet(
a

Time increased from-,
Reaction progress'))mal)

{endblock-l1
bcount++ )

else if (k-mO) endblockmO:
else finished-ml;
1coumt++i
printf ('Id %d\n',bcount,lcount):
if ((endblockm-m)W1(finiched--1))
(cprintf(outso[01,'%11.3e%11.3e%11.3etll.3ell.3e%11.3e%11.3etll3el11;3e\n',

time/36S.2486/1000,ph,b,gd,ps,pusuis,mos);
/** hus comments out old code 7-7-98 *

sprintf(outs(XI,

*t11.3e%11.3e%11.3e%11.3e%11.3e*11.3e%12.3e%11.3et11.3e%11.3et11.3e%11.3e%11.3etll.3e%11.3eX11.
3e%11.3et11.3e%11.3etll.3et11.3e%11.3e%11.3etll.3e%11.3etgl13et11.3e%11.3e*l1.3etll.3e%11.3eR1I
.3etll.3e%11.3e\n',

time/365.2486/lOO0,puo2,npo2,amoh,soddhaiw,cauouo3,rhabdogdpo4,ndpo4.smpo4,gdoh,
ndoh,euoh,smco3,laf,gdftndfomf,agcl,rh2o3,ruo2,diashemagoet,trev,nisi,
pyro, mec,nonca,nonk,nonmg,nonna);

** end hws comment out 7-7-98 **/
/** hwa replacement code 7-7-98: /
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sprintf(outs [1],"11.3e, tiue/DAYS 1000 YRS):
fortli-O; iicnMinerals; 1i++)(

ilen * strlen(outs(11);
if(ilenA OtUTrs SZ-13) break;

sprintf (outs l1+ilen, \tIl.3e0, FMNERAL MOLEI(il]);

strcat(outs (ID \n&):
/** END hws replacement code 7-7-98 */
/- hwa 7-10-98 convert time to 12.3 for-consistency with tab separator below */

sprintf(outst21,*%12.3e',time/365.2486/1000); /* 7-10-98 hvs adds tab below */
J* 7-10-98 also requires converting 11 to 12 */
for(i-l-iOnumrescts;i++)sprintf(outs[21+12*tlii) ,\tfll.3e'.reactvaloil);
outs(21 (12*(nureacts+) 1-'\n;
outr[21 [12*(numreactse1)+1]u-\0'z /* 7-10-98 paranoia */
if(firstall--l)

(firstalluO,
pfallyralumalloc(sizeof(atruct OUTREC));
pfallyrs2amalloc sizeof(struct OUTREC));
pfallyra3.malloc(sizeof(struct OUTREC));
pallyrol-pfallyrsl;
pallyrs2.pfallyrs2v
pallyrz3.pfallyr&3s)

else
(if((pallyrsl-2.nextalloc (sizeof(struct OUTREC)))-.N= )

mBgerr Cmalloc",bcountlcount);
if((pallyrs2-2nextmalloc(sizeof(struct OUTREC))).N=)

msgerr Cmallocw,bcount,lcount);
ifC(pallyrs3-3.nextmmalloc Csieof(struct OUTREC)))M.NULL)

msgerr(Cmalloc ,bcount,lcount)j
pallyrsimpallyrsi-3next;
pallyrs2upallyrs2-3'next;
pallyrs3-pallyrv3-.nexti

strcpytpallyrsl-adata,outs(t0);
strcpy (pallyrs2-.data,outs II1):
strcpy (pallyrs3-.datawouts[21)
pallyral-)next-uNLL;
pallyrs2-onext-N=S
pallyrs3-;Dnext-NULL;
if(newblock--lI)

(ifCfirstchgu.l)
{firstchg.O;

pfchgyral-malloc(sizeof(Ctruct OUTREC)):
pfchgyrs2wmalloc(sizeoftCtruct OUTREC)):
pfchgyrs3-malloctsizeof(struct OUTREC)):
pchgyrzl-pfchgyrzl:
pchgyrs2.pfchgyrs2:
pchgyrs3upfchgyrs3;'

else
(ifC(pchgyrsl-anextmalloc(stieof(struct OUTREC)))--N=L)

=sgerr ( malloc",bcount,lcount)Q
pchgyrs2->next-malloc(sizeof(struct OUTREC));
pchgyrs3->next-malloc(sizeof(struct OUREC));
pcbgyrslupchgyrsI-.'next;
pchgyrz2 pchgyra2-3next;
pcbgyrx3-pchgyrs3->next;)

strcpy(pcbgyrs1->dataoutstO0)S
strcpy(pchgyrs2-adata,outsill )
strcpy(pchgyrs3->data,outs (21)
pchgyrs1->nextwNULL;
pchgyrs2-inextuNU;
pchgyrs3 ->next=NULL;

newblockao;))
if(endblock--1) newblockal;)
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fprLntf(tout,O\n\nDATA FOR EACR TIMESTEP Elements\n\n");

lOOOyr%, pH ,*MolesoD, Moles~d*' MolesP',"MolesPul,
*MolesU%, !onicStr', .HlsH209):

pupfallyrsl;
fputs (p- data, fout)
while((pap-,next) -NULL) fputs(p->data.fout)
fprintf(fout,1\n\nDATA FOR EACH TIMESTEP Minerals\n\n) J
/** hvs 7-7-98 comment out old code *
fprint~f fout,"lslslslslslslslslslslslslolslololslolsl%

*1oooyr-. PMlPuO2v, 9MlNpO2N IwlAmOHCO3'. MlSodd". "MlRaiwee, "MlCaVO40, *1U03 z220' ,uMlRhabdom,
NMldPO4', 1 MlNdPo4V,-MlSmPO4*,'HlGdOHC03", MlNdORC03 , MlEuOEC036,
*MlSm2 C(03)30, MlLaF3S, MlOdF3%, MlNdP3*, MlSnP3g, MlChlorarg',,MlRh2O3o,
*MlRuO2 ,'HlDiaspore*'MilHematiteI ,"HlGoethite', ilTrevoritee, MLNi2SiO4",
*MlPyrolusi ,*MlSmectiteU ,"MlNontro-CaO,"MlNontro-K%, MlNontro-Mg-,
*OlMontro-NaW)
END hwv 7-7-98 cocment out old code 00/

/.* 7-7-98 hts start replacement code 0*/
fprintf foutlOOOyr8);
forlli-0; itcnMinerale; ii++) (

fprintf (fout,9 \tts MZNERALJCPUMEC (i]

fPsintftfoUt,8\n*);
/- &&&&&LLLL&& 0/
/0* 7-7-9B his END replacement code */

p-pfallyrs2;
fputs(p-:datafout):
wbhleCe(pwp->next) -NULL) fputs(p-,.data.fout)5
fprintflfout, \n\MDATA FOR EACH TDMESTEP Reactants\nel);

/* 7-10-98 lls to 12s for time for consistency with tabs 0/

oprintf(outsC3l,'tl2sgl9O1yrJ); /* hws 7-10-98 adds tab below; 11* to 12**/
for(iwO;icnumreacts;l++))prlntf(outs[3)+12*(1+1), \te11us'reactstrs iI)I

fprintf(fout.ts\nouts[33)u
pptfallyrs3i
fputz(p-.%data,fout);
while((p-np->next)I-NULL) fputx(p-3datatfout):
fprintf fout,\n\nDATA FOR CHANGIM T5IMESTEPS Elements\n\n);
fprinttf(tout. 'Ills%2ls%llstlls~ls%llslls~llla%1u12n",'

*lOOOyr', pH'. lolesDB,'Koles(d',.MolesP., MolesPuv,
*MolenU% 'lonIcStre, 'lls20")I

p-pf chgyrslJ
fputs(p->datafout):
while((p-p-anext)I-NULL) fputs(p-adata,fout);
fprixtf (fout, \n\nDATA FOR CZUNGZNM TIMESTEPS Mlneralsx\n\n)
/00 7-7-98 huts co- Ynt out old code *0

*lOOOyr',*MlPuO2', MlNpO2D, MlAzH003 ,*MlSodd*" MllaLwee',"MlCaUO4AH1U03:2R20 ,*MlRhabdol,
*MlkdP04 E, l8dP04 , HlSmPO4 , *MlOdOHC03*, OMlNdORC03', OMlEu0O003',
*HlSm2 (C03) 3 ,lHlLaF3 N NMIGMF3 *,U l9NdF3 U, RMlSm 30*, 'Mlcrarog *MlRh2O3 .
*HlRuO26'. *lDtaspore, 'Mlgematite', "MlGoethite', tMlTrevorite', MlNi2SiO4",
JMlPyrolusIl*,"MlSmectite',*Mlfontro-Ca,*MlNontro-K",*MlNontro-Mg",
*Il~ontro-Na");

* END hws 7-7-98 cowent out old code oo/
/0* 7-7-98 hws start replacement code **/
fprintf(tfoutlOOOyr);
fortll-O; iLnMlinerals; ii++){

fprintf(fout,a\ts', INERAL NAME [ii))

BBAOOODO-01717-0210-00018 REV 00
1-21



fprintf(fout,*\nw)S
I. &&&&&&&&&&& 'I
/ 7-7-9B hby END replacement code */
p-pfchgyrs2;
fputs(p-:data,fout);
while((pwp-znext)-VNULL) fputs(p-hdata,fout);
fprintf(fout,'\n\nDATA FOR CHANGING TMZNSTEPS Reactantu\n\n);
fprintf~fout,"%s\n',outs31j);
p.pfchgyrs3t
fputs(p-Pdata,fout);
whilel(p p-2next)s-NULL) fputs(p-xdata,fout);
/* hvs 6-22-98 *1
if fout) felose(fout);
if(fin) fclose(fin);

/*.*****-******-*.***. END *******************-**h*/

void mmgerrtchar magstr[501,int i,int j)
{fprintf(fout,Os block count * *d line count * %d\nOmsgstr,i,j);
printft(%s block count a %d line count *%d\n1urzgstr,i,j);
/*exit(0);*/)

lnt locate(char sxtring[601,cbar extringC501)
(int ij;
iastrlen(astring);
j-strlen(eatring);
whLle(fgets(dumiy,100,fin) IaNULL)

if (strncup(dummysstringi)--O)return 1;
else if (strncmp(dummy,estring,j)=-O)return 0;

return -1)

double getfloat (string,start,len)
char xtring[1001;
lnt start,len;.
(char teup[30o;
strnopy(temp,string+start,len);
tecp(lenlm'\0';
return atof(teup);)
/* ---- --------------- -- -- -- -- -- -- -- -- -- -- -- --

/* 7-7-98 hws edits getmnrls() heavily */
void getunrls (char minNames I [tMNERAL NAMB_8Z] , float tinMolesb], Int nMineralm)

lnt ik,founds[MAXMINERALSI,ftinihed-O, lenxs [AMINERALS]J
char sal[-" --- summary of Pure Mineral Saturation States ---
forfiwO;lcnMlneralsti++){

slenstil]strIen(minNamest l])
foundsti) - Di

k-strlen(as):
whileC(fgetsCdummy,ioo,fiui) INtLLL)&&(finished.-o)){

if(strncuP(duzny,ssk)w=O) finished-1;
else (

forll-O;1cnMineralxji++) {
ifCstrncmp(dunmy,minNamesji),slens [i)-so)(

foundstil-i;
iriMolestii - getfloat(dusmy,40,12);

)
)

}

for(imo; i~cnMinerals; i++)(
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if (founds l1--O) uisMol1B[iI - °.0Of,

) /* mD getmnrls() *t
/* --- /

void getelementst)
(lnt 1 knum-5,founds(51.(0).finLshedogsleswtlo3:
char elstrsEsl(201m(R B *a Gd,* p iN. . PuN,

a U *),ssCl-( Single ion)f;
for(iu-0pinum;i++) slensfilmstrlenjelstrstiJ);
k-strlen(ss)s
while((fgets(dummy, 100, fin)I-NULL)&&(finished-mo))

if(atrncmp(dummy, sxk)--0)finished-l;
else

for (iO;itcnum;i++)
if (trncmp(durmyelstrst (ilenat[l)-mo)

(founds (LI-x;
svitchCi)

(case 0:bmgetfloat(dummy 57,13);break;
case 1: gdmgetfloat(duumy,57,13);breakj
case 2: pcxgetfloat(dummyS7,13)tbreak;
case 3: pumgetfloat(dunmy,57,13);breaki
case 4: u-getfloat(dummy,57,13) break;)))

fori-O;icnum=;i++)
if(foundstil-.o)
switch(i)
(case O:b-Ogbreak;

case 1: gd-olbreak;
case 2: ps-oibreak;
case 3: pu-o;break;
case 4: umoubreak,))

lnt getreacts(int k)
(int i;
char tempsE30),
fgets(dummyl00,fin); /*skip blank line*/
i-0;
fgets(dummyl0Ofin)S /*now read first line of reactanta*/
while (dummyC0) I.'\')

(if (k-mi)
(strncpy(tevpsduxmy,25)s
tempaI251-'\0 i
trimb(temps) I
strcpy(reactstrstlI temps)}) /* name of reactant */

reactvalstil-getfloat(dummy, 29,11); 1* moles of reactant *1
±4++
fgets (dummy, 100, fin),)

return(i) :

void trimb(char string[301)
(int 1-0 j k, -

while(string(I-., ')i++j
jostrlen (string) -11
while(stringt]l--' )j--;
for(kmO;kcj-i+l;k++) stringlklustring(kei]:
if (j -i+19)stringj-i.1 .I'\0'I
else xtringj91m'\0';) /*no reactant string name greater than 9chars*/

1' Time *
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J-13 water
B
Gd
p
Pu
U

modif ied

W 3.329E106 days
3.900Ei+03 . OOOE+00 2 .3471E.4

1.405415B-01 1.316626Z-OS 1.3166:
1.531378S-03 9.863147B-09 9.86311
1.742931l-04 5.699148E-09 , 5.69911
5.260290S-07 2.1834521-12 2.1B34!
2.582874B-03 1.0989999-08 1.09904

NaS pH scale 6.6651
Ionic strength - 2.596699E-01 molal
Moles of solvent H20 - 5.55095EE01
Mass of solvent )20 - 1.000001+00 kg

2.7749B-07 -6.5567 -.1083
-5.5313 2.942SE-06 B.1213E-04
-1.5865 2.5912E-02 1.7314E+01

as -2.1365 7.3031E-03 1.9141E100
-2.6521 2.2280B-03 6.0208E-01

291-05
S81-09
501-09
56E-12
)1B-09

.OOOOE+00

H+
Pu02.
Soddyite
Rhabdophane-s

GdPO4sH20

-6.6651
7.0120S-05
3.4015E100
.OOOO+oo
.OOOO+00

*J

/*…------------0------- MKS functions ------------------------ */
nt ReadMinNames(char iftame, char cName []MINERAL N^MMESZ1, lnt maxcin)

I
#define IBUF 512
FILE *fpg
int L,n;
char buft NUFJ i /* to make sure we get entire line */

/' first see if we can open the file1 if we can't, pass back 0 0/

fp - fopen(fName,ro) /* assume ascii, one name per line *1
if(lfp) return(0)j

for(n-.O ncmaxmin; n++)(
/* printf(win loop, index %d\n', n): *J
if(tfgets(buf, NEUF, fp)) break;
buf MINERAL AME SZ-11-0, /* I'm paranoid'*
i - (buf[to- - ' ')? 1 : 0;
strncpy mNametn]+i,buf,MIERAL NAMESZ-i);
if(i) rNametn][01 * I '*
/* strip off any carriage returns or newlines 0/

for(imOi i4M4NERAL Nam SZ: i++){
if(tuatte inl] Iffii c5) mName Cn]l (i) O;

if(fp) fclose(fp);
return(n) s
#undef NBUF-
) /* END ReadMinNames() 0/
/* ------------------ _-/--

/* 7-8-98 modify allp bat.c function to met some inportant params based *J
/* on flags on command line... */
/* NOTE here fp is NOT a file pointerl *J
/P.TESCRRS: FLAG HELP 1.1 if finds a *helps character; 1 otherwise. 0/

/* The -1 condlition should be used to terminate the program... 0/

/* SEE flags-struct for other notes */
/o.00000000000000000000000000000000000000000/

int Setllags(int argc, char *argv 1* struct flagostruct *fp)

int i,flag,uflag, leny
char *argptr;

static char.*stro
* FPAG ARGUMET

-e string

WMMT IT SETS

filename with Elements to postproP

XMPLEKM=NE?\tx\

N\n\
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-m string filename with Minerals to pontproP y\n\
-h I -? 4none1 display this list

fp-nuseeclemName-0; fp->use minName-0;

for(imlt icargc; I++)(
/* find next '-' switch at

/* NOTM icargc MUST come first to avoid core dump at end of list
forC;Icargc && argv[iI I1-'-'s; i++e)
if Ui>.argc) break;
flag * argv El 11]t
uflag * toupper(flag):
len a ntrlen(argv[i)),
if(lenc-l) continue;
iftlen--2 && (uflag.-'H' |l flag-'?')){

puts(str) /* 3-7-97 correct */
return(FLAZHELP),

argptr w argv[liI2; /* normal case, e.g. -fWyfile 'I
if(len--2){ /* has form -f; check If next token is argument 0/

ifi-cargc-l &&Largvtii+l(03] I- .-. )
argptr * argv~i) u1

else continuet

else argptr * argvli] + 21

/0 set flags according to switch *J
switchtuflag)i

case *Eli
fp->elemName * aigptr;
fp-wuse eleuName a 1;
break;

case IMt
fp->minName * argptri
fp->use minName * 1
break;

returu(i)s
} 1* MD Setylags.() .
/* This file is lastpost.c */

/* lastpost.c processes a file named allpost, which is the result of
concatenating the results of a sequence of runs of postproc.c representing

consecutive timesteps which have been sliced into blocks so that the
output files do not grOY too large to handle. The result of the concatenation
is a sequence of six table groups, with the groups representing sequential
timesteps. This program merges the individual tables accros all the groups,
resulting in a set of six tables, each covering the entire timespan.
The present version is also set to print only every tenth line to reduce
the size of the output file so that it can be easily graphed from a
xpreadsheet.*/

#define LASTPOST LISE SZ 4000
#1nclude cstdio.h> /* LASTPOST LINE SZ replaces value of 400... (hts) 'I
#include cstring .h>
#lnclude .cstdlib.h,
*include .calloc.h>

FILE 'fin, 'fout;

struct OUTREC /* for linked list of output records *1
(struct OUTREC *next;
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char data LASTPOST LTESZ11);

void tainO)
(int i, J, countnO,finiLhedwO:
struct OUTREC *pyrs[61,/*uzed for constructing one linked list for each table*/

*pfyrsc6),/*uaed for the start of each linked list*/
*p:/*used for traversing the linked list to write the output file*/

char outslLASTPOST I!NE SZ1, /*for output ,line*/
recstrs[6]1l001;(-UDATA FOR EACH TIMESTEP Elements',
"DATA FOR EACH TIMZSSEP Mineralag,ODATA FOR EACH TIMESTEP Reactantsm,
"DATA FOR COwNGSG TMESTEPS Elements',"DATA FOR CHANGING TIESTEPS Mineralso,
'DATA FOR CRANG0SS TDMESTEPS Reactants'), /*headings for inputfile tables*/

dum y LASTPOST LNEM ZJ,/*for reading a line of input data'/
headstrsa 61 (LASTPOST LNESZ1 ;/will be used for column headings for each output table.*/

fin-fopentlallpost. 'r') i/*'input data file*/
fout-fopen('lastpost.out",'w")u/*output file*/

/P 6-24-98 hwx adds the following: '1
if(Ifin)

putsC"Can't open allpost file-- do you have to rename another file allpost?n):
if(fout) folose(fout)i
exitCl);

if(lfout)(
puts('Can't open output file lastpost.out -- out of disk zpace?7)i
if(fin) fclose(fin)l
exit(2);

/* end 6-24-99 hws addition for file errors '1

for(imO;i<6;i++) /*allocate memory for start of each linked list*/
{pfyrstil-malloc(sizeof(struct OUTREC));
pyrszCi)pfyrs (i;t
pyrmti)->nextumalloc(sizeof(struct OUTREC)),)/*next rec for the first data*/

while((finished0-O)&&(fgetesdurny,LASTPOST LINE SZfin)l-NULL))/*outer loop to read all data*/
for(ia:iO<6:1++)/*Jnner loop to read each group of six-/

/*starting with .the first line read in the above while statement, read through
lines until the first table heading is reached. On subsequent passes, it

will read through the blank lines before the next table*/
(while ((finihedumO)&& (trnemp(dummy,recatra ClstrlenCrecstra i])) Iwo0)

if(fgets(duiny,LASTPOSTS_LNESZ,fin)muNuLL)/*EOF if we run out of lines*/
(finished-li
breakt)

fgets(dummy,LASTPOST LINE 8Z,fin) sreadthrough a-blank line following the table heading*/
fgete(dumey,LASTPOST LIKE SZfin):
strcpy(headatrslildumeyJ)/*copy the column headings for use in the output*/
fgets(dummyLASTPOST LINE;SZ,fin)j/*now get the first data line*/

tthe following test includes whether the input line is blank, which would
indicate the end of the input table.*/

while((fLniahed-.O)&&(strncmp(du=ry, * ,6)lI0)&&(dumey[01l.'\n'))
(pyrsx[i pyrsx[i-:next;
strcpy(pyrstl3->data,dummy):/*lf not blank, copy it to the linked list*/
pyrs (i] ->next-wmalloc(xizeof (struct OUTREC)) j/allocate for the next line*/
if(i""O)count++:
if(fgets(dummy,LASTPOS= LIKEBZfin)-NULL)finished-ls))/*get the line for the next*/

/*iteration and test for EOP*/
forlimOui<6ui++)

(free(pyrsi1->next)g/*free the last allocation which won't be needed*/
pyrs Ci->next-NULL;)/*now tag the last link*/

for(i=0;i<6;i++)
(count-OS
fprintf(ftout, \n\ns\n\n',recatrs [ii)/*print table heading*/
fprintf(fout,*%s\n',headstrslli);/*print column headings*/
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p-pfyras(13 /'point to start of linked list*/
while pmp-,next)lNuLL) /*skip the first record which ha. no data*/ -
(if (count%1O--O) fprintf(fout."%sop--data)/*prilnt every tenth line*/
count...:))

/* hws 6-19-9B 'I
if (fin) fclose (fin); if (fout) fcloae (fout)}
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Attachment II. Files Archived on QIC-80 DT-350 Tapes (teL 16).

Each file listed in table 53-1 has been archived along with its associated output files, and stored
on a QIC-O80 DT-350 mini-cartridge tape (170 MB native capacity, 350 MB compressed; tapes
were written with Colorado Backup for Windows 95, version 1.70). For each EQ6 nn in table
5.3-1, the following files will be found on the tapes:

filename. .6 (the originil EQ6 starting input file)
f.I1ename.3lastpoot (the output of Iastpost exe; a condensed version of allpost for

plotting)
fElename.allpost (the output of alla bat. exe, tabular format for plotting)
filena~ie.allin (all input files used aiim3 bat. exe, concatenated)
filenave e.alltab (all tab files generated by EQ6 in the run, concatenated)

The filenames listed in table 53-1 can be used to infer the run conditions. Each file name
consists of up to six pieces before the 6. extension:

Cer dn WorH driprate part extraimfo

The "Cer" prefix indicates ceramic, and is on all files. The only other mandatory piece is the
dri prate,which has format x = ; wen the underscore is replaced with a decimal point,
x.xxoc represents the drip rate in m3/yr (see section 5.1.1.3). In table 53-1, x9ox takes
values 05, 002.5 ando 0015. (note o"0in the driprate is "zero", not "oh"). The da
designates series Id", and the "' indicates a set of rates used for the calculations, taking values
1,2,3,4 and Sas indicated intable5.3-l. Theoptionalworntakesvaluesw orl,
respectively, if the waste form (the Pu-ceramic) is present or not present in the run. The part
number is a Roman numeral, which is I for all.files described in this study, since each stage
consisted of only one part. The extxainfo designates extra information about the run, in this
case the use of a compatively low CO2 pressure (10"5 atm, the surface ambient, in place of the
Ye ambient of-1O atmp), or suppression of hematite (na).

The comment lines of the EQ6 inputs file (6i files) contain descriptions of the runs, with run
histories. Some of the comment lines may contain inaccuracies in descriptions, which are
retained to maintain the traceability to prior versions. The molar amounts and rates used in the
calculations are given in the uncommented (active) parts of the input files, and these values take
precedence over any values that might be inferred from the comment lines.

A complete listing of the files on the tapes is given below. The tapes also contain the
spreadsheets used in the calculations, and the EQ6 database data0nuc.R8.
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Listing of Mes on the electronic media (from MD-D OS command: dir > dirtxt):

%remain x1s
327ceram doc
CERO_0-1 61
CERO 0-1 AL
CERO_0-2 ALL
CERO0-3 ALL
CERO 0-1 LAS
CROO-1 tn
CER07S-L X$S
CER05-2 XLS
CERD1N-1 6I
CERDlN-2 ALL
CERDlN-l ALL
CERDlN-3 ALL
CERDIN-1 LAS
CERD1N-2 61
CERDlN-4 ALL
CE93E2-1 ALL
CE4666-1 ALL
CERDlW-l 6I
CERDlW-l ALL
CERDXW-2 ALL
CERD1W-3 AIL
CERDlW-l LAS
CERD2N-1 6I
CEXD2N-2 ALL
CERD2N-1 ALL
CERD2N-3 ALL
CERD2N-1 LAS
CERD2W-1 61
CERD2W-1 ALL
CEMD2W-2 ALL
CERD2W-3 ALL
CERD2W-1 LAS
CERD3W-2 6I
CERD3W-4 ALL
CESCSS-1 ALL
CEC758-1 ALL
CERD3W-2 LAS
CERD3W-1 61
CERD3W-2 ALL
CERD3W-1 ALL
CERD3W-3 ALL
*CERD3W-l LAS
CERD3W-3 61
CE866C-1 ALL
CEOF71-1 ALL
CE2D93-1 ALL
CERD3W-3 LAS
CERD4W-1 61
CERD4W-3 ALL
CERD4W-1 ALL
CERD4W-2 ALL

72,70i
625,152
40,892

91,010,554
3,021,322
67,596,610

301,811
584,704

1,702,400
1,736,192

40,516
111,103,772

4,836,849
84,904,950

405,271
40,886

112,776,840
3,433,336

86,152,9SO
47,839

58,492,722
2,118,331

43,821,700
215,058
40,59D

112,117,444
4,132,816

86;544,900
412,167
48,726

98,157,856
3,012,456
73,923,330

302,705
48,061

59,184,542
2,119,637

44,809,960
215,850
48,209

59,531,882
2,118,647

45,115,720
215,432
48,759

99,986,282
3,005,516

75,698,870
302,597
48,948

98,547,654
3,080,410

72,938,580

08-13-98
08-29-98
08-05-98
08-05-98
08-0S-98
08-05-98
08-05-98
08-19-98
08-19-98
08-19-98
07-22-98
07-22-98
07-22-98
07-22-98
07-23-98
08-21-98
08-23-98
08-23-98
08-23-98
07-23-98
07-23-98
07-23-98
07-23-98
07-23-98.
07-24-98
07-24-98
07-24-98
07-24-98
07-24-98
08-27-98
08-27-98
08-27-98
08-27-98
08-27-98
07-28-98
07-28-98
07-29-98
07-28-98
07-28-98
07-29-98
07-29-98
07-29-98
07-29-98
07-29-98
08-23-98
08-24-98
08-24-98
08-24-98
08-24-98
08-20-98
08-21-98
08-21-98
08-21-98

12:04p tremaid.*is
1:06p 327ceram.doc
5:45p CerOO0015Z1.61
9:57p cerO001511.allin
9:58p cerO 00151 .allpost
9:57p cerO 0015!!.alltab
9:58 p cerO_001tSX.1astpost
2:17p CerO OOlSInMnC.xls
3:20p CerO_5&0O015C02 Lo.xl
2:25p CerO S&0 0015D.xlo
3:49p CerdINO 5I.6i
9:12p CerdINO 5I.allin
9 :12p CerdINO 5I.allpost
9:13p CerdlNO 5I.alltab
4:12p CerdlNO 51.1aatpost
2:28p CerdlNO51 nH.6i
4:16p CerdINO051 nH.allin
4:16p CerdINO SnE .allpost
4:16p CerdlNOS51 n.alltab
9:0Sa CerdlWO 00151.61

12:25p CerdiWO 001SI.allin
12:25p CerdlWOOOlSI.allpost
12:25p CerdiWO7OOlSI.alltab
12:25p CerdIWO7OOlSI.lastpost
4:40p Cerd2NO 51.61
9:13p Cerd2N05I.allin
9siSp Cerd2NO SI.allpost
9s13p Cerd2NO 51.alltab
9:1Sp Cerd2NO_51.lastpost
5:32p cerd2woo00151.61
9:02p Cerd2Wo0 o15s.allin
9:04p Cerd2WO_001SI.allpost
9:02p Cerd2WOl0015I.alltab
9:04p Cerd2W0O0015I.lastpost
.5:37p Cerd3WNO001S1.6t
7:47p Cerd3W07O0SI.allin
7:47p Cerd3W00015I.allpost
7:47p Cerd3Wo0001SI.alltab
7:47p Cerd3W0 0015I.lastpost
5:25p Cerd3WO OO5I C02 L0.6i6
7:28p Cerd3WOOlSIC02_LO.allin
7:29p Cerd3WO 001SI C02 LO.allpost
7:29p Cerd3WO 001S1 002 LO.alltab
7:29p Cerd3WO001I5C02_W.lasttpost
4:37p Cerd3WO_0015IC02 LOnH.6i
6:22a Cerd3WO 00151C002_LO nH.allin

6:23a Cerd3WO 0015I C02 LD nH.allpost
6:22a Cerd3WO 001SI C02 ,07nE.alltab
6:23a Cerd3Wo 0015IC02_LO_nH.lautpost
6:02p cerd4Wo 0151.6 -
8:0Sa Cerd4WO 015I.allin
8:06a Cerd4WOOlSI.allpost
8: oSa Cerd4WO 015I.alltab
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as

CERD4W-I LAS
CERDSW-I 61
CERDSW-I ALL
CERD5W-2 ALL
CERDSW-3 ALL
CERDSW-I LAS
DATA0N-I. RS
dir txt
GDtREM-1 XLS
GDWLS -I XLS
GD RAX-1 ILS
WFPYRO-3. XaLS
1MassesS xis
readme txt
runG XIS
run7 Xle
VOLMAS-1 XLS

309,691
48,431

. 99,513,142
3,006,564

73,664,630
302,669

2,298,907
4,816

IS,872
17,408
17,408
27,136
75,264
1,810

65,536
221,696
973,824

08-21-98
08-04-98
08-04-98
08-04-98
08-04-98
08-04-98
05-28-98
08-29-98
08-06-98
09-28-98
08-24-98
04-20-98
08-25-98
08-29-98
08-20-98
08-28-98
06-22-98

8:06a
7:38p

11: 13p
11:14p
11:13p
11 :14p
11:26a
2:04p
2:28p
5:Olp

s:Olp
9:35a

10:49a
2: Olp
4:14p
3:53p
l:04p

Cerd4WO_.o~ii.1astpomt
CerdSWbO_0151C02 LO.6i
CerdSWO Ooisi cO2Oaliin
Cerd.SWO_00151_C0LO2.'allpost
Cerd5WO015I C02 LO .altab
cardswo~oOsfco27W. lastpost
datao .nuc .R8
dir.txt
Gdl~remaining.xl.s
Gd loss fromypeak.xls
GdRair;ecalc .xls
nfpyrcomfrs .x3.s
Mann ens .Xln
readme .txt
runE .xlB
run7 .xlv

volmas2la.xls
70 file(sfr 1,801,381,895 bytes

2 dir(s) 2,147,450,880 bytes free
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