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EQ3/6 Studies Performed to Support Screening Studies Presented in the Yucca Mountain Repository DEIS

The attached document with its electronic attachments describes work that supported screening studies for non-radiological contaminants in the DEIS.  These studies were not used to support the FEIS because they were not necessary when a 10,000-year limit was placed on the analysis period.  This study is being brought forward as a calculation package to support the non-radiological contaminants screening study appendix to the SEIS-3.

The electronic attachments are supplied as a PKZIP file “Revised Chemistry EQ3,EQ6 Files.zip”

Note: in the screening study appendix for SEIS-3 Table 1-11, referred to in Section 4 of the attached study is presented as Table A-2.
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This report documents additional chemistry studies performed to support screening analysis for the YMP EIS long-term performance analysis.  The screening studies were performed to determine which non-radiological materials in the repository posed sufficient concern for groundwater contamination to warrant more detailed transport analyses.  Note that the calculations described in this document were not used to determine the impacts in the EIS.  After the screening analysis an additional transport analysis using the RIP TSPA was used to determine impacts of non-nuclear materials.

1. scope of the calculations

The studies described in this document include two sets of calculations:

1. The fate of corrosion products from the degradation of Alloy 22 in the CRM after partial failure of the CAM.  This included studies of the chemistry of the solution resulting from corrosion and the solution resulting from reaction of the corrosion solution with tuff rock.

2. Equilibrium studies to determine solubilities of various elements in j13 water.

3. Separate hand calculation for the maximum uranium concentration.

Previous studies (documented in a separate calculation package) were performed for item 1 using the EQ6 code.  After review of the work by various others it was determined that some minor changes in the calculations should be made.  The principal changes were: 

· Using a solution from the corrosion at a much shorter time to be more realistic and avoid overrunning the ionic strength limits for the code.

· Using a more realistic amount of alloy 22 and steel in relationship to the one liter of water basis of the code

· For the tuff reaction step, turning on the code feature which allows solids to be left behind as the water flows on.  (In the code this is referred to as the “physically removed subsystem”)

While some significantly lower (factor of 6) concentrations were obtained for chromium(VI) it did not alter the conclusion that Cr should be further analyzed in a detailed transport study.

Previous drafts of the EIS used approximate handbook values for general solubilities.  It was felt that it would be more appropriate and accurate to use EQ3 simulations to determine relevant solubilities of elements in j13 repository water.

2. The EQ3/6 Code Package

The calculations are performed using the EQ3/6 software package.  Inputs to the model provide a description of the materials in the package (type and quantity), the chemistry of incoming water,  reaction rates and various program control parameters.  An integral part of the EQ3/6 software package is a library of thermodynamic and speciation data (data0 files which are converted to binary data1 files).  The output of the software package is several different types of files that describe the chemistry of the water and solid phases as a function of time.  The main output file provides a detailed history printed at time intervals.  A separate file called the “pickup file” was useful in these calculations.  The pickup file describes the water chemistry in the system at each print interval and can be used to restart  the calculation at that point in time or to convey the water chemistry to a new calculation.  This latter purpose was used in the calculations described in this document.  The pickup file is attached to a new run file to define the chemical state of the water at the beginning of the calculation.

The EQ3/6 software package originated in the mid-1970's at Northwestern University.  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 of the U.S. Department of Energy.  The major components of the EQ3/6 package include: EQ3NR, a speciation-solubility code; EQ6, a reaction path code which models water/rock interaction or fluid mixing in either a pure reaction progress mode or a time mode; EQPT, a data file preprocessor; EQLIB, a supporting software library; and several (>5) supporting thermodynamic data files.  The 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 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 250(C only for some species to a full range of 0-3000(C for others. EQPT takes a formatted data file (a “data0” 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 that 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 in a time flame.  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 that create and optimize starting values.  EQ6 uses an ODE (ordinary differential equation) integration algorithm to solve rate equations in time mode.  The codes in the EQ3/6 package are written in FORTRAN77 and have been developed to run under the UNIX and Microsoft Windows( operating systems on computers ranging from desktop PCs to supercomputers.

3. results

3.1 Corrosion of Alloy-22

As before, the objective of this analysis was to obtain information as to the quantity and species of key metals carried away from the Alloy-22 during degradation of the CRM in the presence of the CAM.  The focus in the previous studies was Cr and Ni.  This study broadened the scope to the other main constituents of Alloy-22: molybdenum, manganese and vanadium.

The computer runs were similar to before.  First, an EQ6 simulation was run in the titration mode (static water in contact with reactants).  The simulation was made of j13 water reacting with Alloy-22 and iron (representing carbon steel). The oxygen and carbon dioxide fugacity was set to atmospheric values.  Thus the Cr was allowed to completely oxidize.  This simulation most nearly mimics a crevice environment in the presence of Fe and promotes the development of very low pH levels.  After about 600 years the chemistry of the water (documented in file “j13_All-22.6o”) was found to be:

chromium (as CrO4- -)
300 mg/L

manganese (as Mn++)
32 mg/L

molybdenum (as MoO4- -)
218 mg/L

nickel (as Ni++)
750 mg/L

vanadium (as VO3OH- - and HVO4- -)
4.8 mg/L

pH 2.0

The next simulation was the reaction of this resultant water with tuff rock.  This was done by starting with water chemistry from the pickup file of the first run (file “j13_All-22.6p” with suspended solids removed).  This simulation was carried out in a flowing water mode in which water continually contacted new rock surface and left behind precipitated solids. (this is the flow through scenario in EQ6).  After about 100 years of contact the solution becomes quite constant in composition.  The chemistry of the solution (documented in file “Alloy-22_tuff.6o”) is:

chromium (mostly as CrO4- -)
300 mg/L

manganese (as Mn++)
4.4×10-11 mg/L

molybdenum (as MoO4- -)
218 mg/L

nickel (as Ni++)
9.9× 10-5  mg/L

vanadium (as VO3OH- - and HVO4- -)
4.8 mg/L

pH 9.2

The computer runs for these two analyses are documented in the attached computer output files.   These runs were made with a modified data base in which a new mineral was included: KFeCrO4.  This mineral was included to allow the possible precipitation of Cr(VI) in this form.  None of this mineral was formed in the simulation.  The modified data base is documented in file data0.nuc.dhl.txt.  All of these files have been entered electronically into the record accompanying this document.  The output files are attached in hard copy.

IMPORTANT NOTE: In narrative imbedded in some of the computer files the reader may find reference to parametric studies using various values of fugacity etc.  These notes refer to other separate Yucca Mountain Project studies from which water chemistry was taken (via the pickup file).  These parametric studies are not part of the calculations documented herein.  The calculations for this chemically toxic materials study were carried out at one set of conditions comparable with expected repository conditions.

3.2 Solubility Studies

There are several elements present in the repository which are either outside the package (such as Cu bus bars) or part of the waste package internals (such as cadmium in spend fuel).   The solubility of these elements in j13 water was simulated to facilitate the screening analysis documented in section 3 of the long-term repository performance appendix.

In each case the solubility was found by running j13 water in EQ3 with increasing amounts of the element until the first mineral in that element became saturated.  The aqueous concentration at that point was then considered to be the solubility.  The results are as follows:

	Element
	Solubility mg/L
	Dissolved Species
	Saturated Mineral
	EQ3 output file

	barium
	0.00412
	Ba++
	witherite
	j13solBa.3o.txt

	boron
	6383.0
	B(OH)3aq
	boric acid
	j13solB.3o.txt

	cadmium
	23.0
	CdCl+
	otavite
	j13solCd.3o.txt

	copper
	0.018
	CuOH+, Cu(CO3)aq, Cu++
	tenorite
	j13solCu.3o.txt

	manganese
	1×10-10
	Mn++
	MnO2
	j13solMn.3o.txt

	zinc
	63.0
	Zn++
	smithsonite
	j13solZn.3o.txt


The files listed in the table are provided in an accompanying electronic transmittal.

4. uranium concentration study

This separate calculation was done using results of previous EQ3 runs reported as part of the Yucca Mountain Project.  The purpose is to estimate what the maximum likely concentration for uranium would be after dissolution of fuel materials in waste packages.  

Actually, while a number for uranium is estimated, its small value is later ignored and it is allowed to survive screening as a matter of policy.  This was because there is such a large bulk quantity of uranium in the repository.

To obtain a maximum concentration, it was assumed that the uranium would be at its solubility limit for the conditions of the repository near-field environment.  A previous study
 reported estimates of uranium solubility as a function of pH for various CO2 fugacities.  Information from that study was used as follows to estimate the concentration:

The Viability Assessment (VA), Vol. 3, Fig. 3-36, Pg 3-67 indicates that CO2 partial pressures in the near-field would be about 10-3 atm.  Similarly in VA, Vol 3, Fig. 3-37a, pg. 3-69 it is shown that the pH would be 8.  Using these two values a solubility of uranium as UO2 (OH)2 is read from figure C-3 of the previous study referred to above.  The value read from the curve is 2 X 10-6 moles per kg water (which is essentially the same value in moles per liter).

The molecular weight of the soluble species is 304 (assuming all U-238) so that the concentration is then 6.08 × 10-4 gm/l or 0.6 mg/l.  This value should be reported in Table I-11 of the current version (as being presently revised) of the Appendix I of the EIS.  The table should indicate that the reported value is “derived from” the source and the conditions of pH=8 and CO2 partial pressure of 10-3 atm should be stated in a note on the table.

� TRW (TRW Environmental Safety Systems Inc.), 1997c, Degraded Mode Criticality Analysis of Immobilized Plutonium Waste Forms in a Geologic Repository, A00000000-01717-5705-00014, Revision 01, Las Vegas, Nevada. 
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