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I. DISK CRASH: 
Due to space limitations, the Chemistry Department Computer Center put some of our software 
routines on an old disk. This disk subsequently crashed. Since the Center had failed to back-up 
this space, the routines were lost. The Center acknowledges their error and has agreed to 
reimburse-the grant for the lost time. We are now negotiating the amount of time the lost 
routines represent. Fortunately, data files, input and output files, models and reports were not 
affected by this lost. The present assessment is that several fitting codes for creating TEQUIL 
models and GEOF'LUIDS models were lost. 

11. TEQUIL MODELS, T c 350°C: 
The previous modifications to the fitting and equilibrium codes required to add many new 
species to the TEQUIL models were lost in the disk crash. These changes were necessary to add 
the aluminum species to the calcite model. Some of the lost upgrades have now been regenerated 
but we still need to reconstruct several important routines. We hope that most of this work will 
be completed by the end of May. 
We note that the recent work (see below) on developing 3-D capability for displaying phase 
diagrams generated by our TEQUIL models was not lost. 

111. MODELS at HIGH TEMPERATURE and PRESSURE: 
A. Molecular Dynamics Simulations 
In our studies of fluids using the molecular dynamics approach, we first simulated non-polar or 
weakly polar fluids, such as CH,, CO,, N,, O,, and their mixtures. The results of these 
simulations were very promising and led to much improved models of high T,P behavior in these 
systems. Then, we proceeded to model more complicated systems: H,O and aqueous electrolyte 
solutions, such as NaC1-H,O, KC1-H,O and CaC1,-H,O. For pure water, PVT predictions at 
high temperature were very close to experimental results. Simulations of the NaCl-H,O and 
KCl-H,O systems gave good results (similar to experimental accuracy) for the vaporization 
enthalpies, diffusion coefficients and Raman spectra as well as for Na-Cl and K-Cl associations. 
The simulated PVT properties of CaClz had about 3% error which is a little larger than 
experiment. These results have been reported previously. 
Recently, we began attempts to simulate the vapor-liquid surface for water. The results are not 
in good agreement with experiment. For example, at 600 OK, the simulated saturation pressure is 
only about 21 bars and the experimental is 121 bars. This discrepancy is not completely 
unexpected since similar results have been reported for other water-water potentials. Since our 
water-water potential performed better than others in predicting PVT properties, we had hoped it 
would also produce accurate vapor-liquid results. However, in spite of these initial 
disappointing findings, these calculations need to be completed. Presently, there are only two 
other calculations of water vapor-liquid coexistence. Therefore, continued systematic 
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investigation of this system will produce important information on how to improve water-water 
potentials. Initially, we will concentrate on the CaC1,-H,O system. This system is very 
important because the very high concentrations obtainable allow much larger changes in volume 
with concentration to be observed than in the NaCl and KCl systems. We now believe that we 
may have a way to do the Gibbs ensemble simulation of the water system which provides a more 
efficient way to calculate vapor-liquid equilibria. 
Our simulations of water vapor-liquid equilibria in concentrated CaCl, solutions encountered a 
persistent problem. The O-H bond of water kept being broken. Finally, after more than ten 
attempts this quarter at simulated annealing and heating, equilibrium can now be attained with 
basically stable O-H bonds. Now we are in a position to proceed with simulations of this 
system. We will simulate the CaC1,-H,O and NaC1-H20 systems for a range of temperature and 
molality conditions with the objective of determining how the liquid structure changes with 
these variables for the different salt species. The purpose is to not only reproduce the data in 
these systems but also to discover fundamental information about aqueous brine solutions. 

We have been quite successful with the Monte Carlo Gibbs Ensemble simulations of phase 
equilibria in the C0,-CH,-N, system. However, there has been a problem using this method 
for high density fluids under high pressure (> 20kbar) and for non-spheric systems. This quarter, 
we developed a high T,P Monte Carlo Gibbs Ensemble method (inflation-flea) which makes it 
possible to simulate very high pressure fluidfluid equilibria. The standard Gibbs Ensemble 
method fails because the acceptance ratio is too low in dense phases. The new modification 
increased the particle transfer substantially, making it possible to simulate H,O-N, phase 
equilibria up to 35,000 atm and 800" K. The results of these simulations, which take about 8-10 
days per simulation, agree well with the experimental data. Potentially, this method will extend 
our predictive capabilities to very high temperature and pressure regions which cannot be probed 
by experimental approaches. 

B. EOSModels 
Previously, we introduced a corresponding states equation of state applicable to supercritical 
temperatures and pressures (Duan-Moller-Weare, 1996). This model represents the 
thermodynamic behavior of a wide variety of systems very accurately with few parameters. We 
have recently tested this model on newly measured data. Predictions of PVT properties of many 
data sets (80-100 data sets from more than 20 1abs)for a very wide range of T and P are within 
experimentally accuracy. We have also used the model to calculate high T and P phase 
coexistence. Even, above the critical point there can be fluidfluid phase separation at high 
pressures. These may play an important role in determining the compositions of fluids in the 
high T and P zones. Using the free energy calculated from the model we obtained results that 
were in good agreement with measured coexisting phase compositions. However, there are very 
few data. To confirm these predictions. we developed a high T-P Monte Carlo Gibbs ensemble 
simulation method applicable to high density fluid phases (see above). 

C. Enthalpy Models 
We are building a brine capability in the GEOHEAT program which presently includes only 
H20 and CO,. We can now predict the enthalpy for the NaCl-H,O-CO, system up to about 
300°C. We are having problems finding a consistent standard state. We will continue work on 
the model. Previously we developed a capability to calculate the excess enthalpy of a 
multicomponent brine. This model has been checked but we need limiting information to define 
the standard state. 
We also used the NaCl-C0,-H,O enthalpy model to calculate enthalpy-pressure-composition 
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relations for several brines. These diagrams were used to predict the behavior of geothermal 
reservoir undergoing constant enthalpy expansions. Results agreed well with field observations. 

IV. SOFTWARE IMPROVEMENTS to BETA PROGRAMS (Test Versions): 
Our work on the phase diagram calculation program has emphasized 2-D plots partly in order to 
satisfy current internet technology (see last quarterly report). Substantial progress was made this 
quarter in generating 3-D capabilities (at least on UNIX systems). The information of 
polythermal diagrams will be better conveyed by 3-D graphics. Also, the increased flexibility of 
another dimension allows more information to be displayed. The data for saturation 
concentrations in the Na-K-Ca-Mg-Cl-SO,--H,O from 0" to 250°C, which have already been 
calculated and can be retrieved from the storage system of SDSC, were used in these efforts. 
We spent some time debugging the 3-D phase diagram code developed last year. We are hoping 
that the VRML based 3-D visualization code and its application to web graphics will be ready to 
demonstrate on the World Wide Web at the April GeothermaI Program Plan Review in 
Berkeley, Ca. We hope to generate 3-D views of data over the Web via VRML using only the 
current Netscape or Internet Explorer browsers. The 3-D viewer will take 2-D isothermal 
sections that contain smoothed data obtained from running TEQUIL. By smoothed, we mean 
that raw data points corresponding to TEQUIL-generated univariant lines will be fit to cubic 
equations. All the multiple temperature data for each mineral phase will then be tessellated to 
form a phase volume. 
Improvements of our visualization codes is continuing. These improvements include: better 
rendering of phase surface volumes, porting to VRML 2.0 and interactive web visualization. For 
example, phase selection and display options. 

V. TECHNOLOGY TRANSFER: 
BERKELEY UNIVERSITY (Dept. Geol. and Geophys.). William McKenzie requested updated 
versions of TEQUIL and GEOFLUIDS (Mac and PC). 
CFTA (Palermo, Italy). Professor Mario Nuccio requested a copy of GEOFLUIDS. 
INDUSTRIAL RESEARCH, LTD. (New Zealand). Graham Weir requested copies of TEQUIL 
and GEOFLUIDS. 
MANCHESTER UNIVERSITY (Earth Science Dept.). Paddy Hill requested TEQUIL to input 
oilfield data. He reports that it works well and now wants GEOFLUIDS sent to him. He also 
wanted to know when another short course on our modeling technology would be given. 
TRUESDALE, A1 (private Geothermal, Consultant). Requested copies of TEQUIL and 
GEOFLUIDS. 
UNIVERSITY OF AUCKLAND, Geotheirmal Institute (New Zealand). Kevin Brown requested 
copies of TEQUIL and GEOFLUIDS to use in a course on Geothermal Technology. 
UNIVERSITY OF CHICAGO (Dept. Geophysical Sciences). Leonid Aranovich used our 
GEOFLUIDS package to calculate CO, activities. She requested information about C0,-H,O 
mixtures. 
UNIVERSITY OF GUANAJUATO (Mexico). Panchito Lopez requested copies of TEQUIL and 
GEOFLUIDS. 
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VI. OTHER ACTIVITIES (papers, reports, meetings): 
A chapter on our TEQUIL modeling technology for geothermal systems has been completed and 
accepted for publication in Transport in Porous Media. 


