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Progress and challenges in simulating subsurface reactive flows at the petascale and
beyond.

To provide true predictive utility, subsurface simulations often must accurately resolve--
in three dimensions--complicated, multi-phase flow fields in highly heterogeneous
geology with numerous chemical species and complex chemistry. This task is especially
daunting because of the wide range of spatial scales involved--from the pore scale to the
field scale--ranging over six orders of magnitude, and the wide range of time scales
ranging from seconds or less to millions of years. This represents a true "Grand
Challenge™ computational problem, requiring not only the largest-scale (“ultrascale)
supercomputers, but accompanying advances in algorithms for the efficient numerical
solution of systems of PDEs using these machines, and in mathematical modeling
techniques that can adequately capture the truly multi-scale nature of these problems.

In this talk, I will describe some of the current and anticipated challenges involved in
simulating subsurface reactive flows at the petascale and beyond, and discuss how they
are being addressed in the development of the computer code PFLOTRAN and the
underlying PETSc solver framework. Additionally, I will touch on what | perceive to be
major challenges at the computing ultrascale for implicit time-stepping codes in general.
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