PorSalsa – A MP Geosphere Two Phase Thermal Subsurface Simulator

We have released PorSalsa, a massively parallel (MP) subsurface simulator for two phase fluid flow, heat transport and advective/dispersive transport of dissolved chemical species through heterogeneous porous media to the engineering applications groups at Sandia National Labs. PorSalsa is an outgrowth of MPSalsa an MP unstructured finite element reacting flow code developed with partial support from the DOE/MICS Office. A number of the key capabilities of PorSalsa have been inherited from the MICS supported research on advanced solution methods for chemically reacting flows. PorSalsa exhibits robust and highly efficient nonlinear and linear solution methods based on MP Newton-Krylov methods. These methods have demonstrated scalable parallel solutions for very large 3D problems with millions of unknowns on hundreds to thousands of processors. Employing this advanced solution technology PorSalsa has been applied to some very challenging calculations to study subsurface transport during fuel spill fires in support of DOE/ASCI weapon safety programs. In addition, PorSalsa has been used for an international collaboration with Japan (see Figure 1). These high resolution (over 1 million grid point) nuclear waste repository design simulations of flow and contaminate transport in a 800 m^3 block of fractured granite were performed for the Japanese Nuclear Fuel Cycle Institute. Fifty such realizations were performed on a modest sized 20 processor DEC8400 parallel machine, requiring about 17 hours. This rapid turnaround time allowed the entire suite of simulations to be run overnight. The PorSalsa subsurface simulator is an excellent example of how DOE/MICS funded computer science and applied math research is taking advanced algorithms directly to important DOE applications.

Contacts: PorSalsa: M. J. Martinez - mjmarti@sandia.gov, P.L. Hopkins - plhopki@sandia.gov; MPSalsa: J. N. Shadid - jnshadi@sandia.gov, Sandia National Laboratories, Albuquerque, NM, 87185
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Figure 1: View from above of a contaminant concentration plume in a plane passing through the contaminant storage repository [see (a)] sited in fractured granite. A high degree of flow channeling through the fractured granite is evident in the resulting concentration field. First arrival of contaminant to the outer boundary occurs at about 100 years. By 300 years, a significant amount of contamination has reached the outer boundary.
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