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Abstract Scientific Impact

Multiphase flow processes in the subsurface are fundamentally important for The relationship between microscopic

many applications including a wide range of hydrologic processes, geological processes and macroscopic transport

catbon sequestration and emerging energy recovery technologies such as phenomena has always been a topic of W ‘ /

hydraulic fracturing. Mathematical models that describe these complex speculation for those who model flow in . pore connectivjiipr
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processes have long relied on empirical approaches that neglect important porous media. Computational methods an T A

aspects of the system behavior. New data sources now make it possible to  experimental micro-CT together provide a | o T
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ditectly measure previously inaccessible information and access the true mechanism to access quantitative
geometry of geologic materials. This information can be exploited to support Information at the microscale. Traditional
a new generation of theoretical models that are constructed based on models for two-fluid tlow in porous media
multiscale principles for thermodynamics and continuum mechanics. We were developed based on an approximate
show how information from synchrotron-based X-ray micro-tomography view that flow occurred within static fluid
(micro-CT) can be used to inform models that can account for interfacial regions that form connected pathways
dynamics and other aspects of multiphase flow in porous medium systems. through the porous medium. By simulating -
We also explore how this approach can be applied to address long-standing  two-fluid flow in digital rocks, we are able
Chaﬂenges related to subsurface h€t€1‘0g€ﬁ€ity, including geometﬂc effects to reveal the true reality. As shown in Flg 3, Figure 3.Fluid connectivity is altered as a consequence of

. . . . . . . . snap-off and coalescence events that occur at the porescale.
associated with spatial hetereogeneity and surface heterogeneity associated some flow conditions can lead to ganglion e o oo e drect chmitazion ¢ P

with the chemical composition of geologic materials. dynamics. In this regime, non-wetting phase

. flow paths undergo constant rearrangement
Computatlonal Methods A as fluid regions snap-off to form new
Our lattice Boltzmann simulators o rw ganglia and then coalesce as ganglia migrate
are capable of using either CPU or o v through the porespace. As the flow rate
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increases, the phase geometry evolves to
create more efficient conduits for flow

GPU with excellent parallel

ettictency. FEarly access to summit
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and summit-dev allowed our project . These conduits are evident from Fig. 4,

to tune performance implement ol 4 0 which shows how the non-wetting phase R

ncw featur CS based on the a. performance compc?ﬁtseronn for different architectures tOp OlOgy changes as the ﬂOW rates increase. Figure 4. Non-wetting phase fluid configurations simulated at
. ' . different capillary numbers based on synchrotron-based fast

architecture. I<€Y These effects can be param@t@ﬂzed based micro-cT experiments of steady state flow in a sandstone.

Topological changes in the phase distribution result in more

on the capillary number Ca, which is the 002 1 coreate transport.

non-dimensional ratio of interfacial to
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. -« viscous forces. As the capillary number increases, the flow is able to overcome
| | | I interfacial forces, leading to new topological arrangements that are not accessible when
111N intertacial forces dominate. We have been able to characterize these topological changes

at the macroscale by considering the changes in interfacial area and Euler characteristic,

* Code refactoring to better use
common computational elements
between different physical models

e Updated data structures for the
lattice Boltzmann method to make
more etficient use of memory for
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b. bandwidth utilization for c. performance as

digital rock images CUDA kernels on V100 GPU  gotermined by problem  Which are the relevant topological invariants>.
* New algorithms to increase GPU size per V100 GPU
memory bandwidth efficiency Future Work
*Reduction in CPU-GPU data . e - Summit will enable relastic direct
m m n ésooooo- o cowr % +ij:r T T . .
ovement | - g =~ numerical simulations of fluid flow at
. 1e+06 -
Increased oyerlap between MPL / scales that approach the laboratory scale.
communication with GPU kernels . . "
New I BM rmodels £ N | This 1s significant because traditional
. _ umber of GPU 1000 .sz(o;fé)u 3000 . . . . .
cw LDAL MOoAcls 1ot hon . d. strong scaling e. weak scaling constitutive relationships are determined
Newtonian fluids and three-fluid hi | 4 simulati i
flow Figure 1. Performance of lattice Boltzmann aF this scale, aI.l simulation wi ccome a
simulators on summit. viable alternative to these methods.
As a result of code optimizations and advantages of the Summit Qur current and future work includes Simulation domain i|>
architecture, the performance of LBMs will increase dramatically. Figure 1a ® simulation of core-scale constitutive 1610 x 1610 x 7245
shows a comparison between various archiectures, including both Titan and  trelationships Figure 4. The summit supercomputer will enable pore-scale
. . . . . ° : simulation of flow processes at the laboratory scale,
Summit. Figure 2b shows that CUDA kernels without our simulator achieve assessment of the representative making computation a viable means to predict clousre
between 50%0-80% of the theoretical peak bandwidth for the V100 GPU. clementaty volume (REV) information.

Compared to previous GPU architectures, more work is needed to get the *° generahzed descriptions of the |
full performance of the GPU. Strong and weak scaling results are reported geometric state that hold under a wider

in Figure 1d and 1e, respectively. rnage of conditiogs
e Ftfort to characterize length scale

Further, we have developed sophisticated 7z szz# data analysis routines to heterogeneity in geologic systems based

extract multiscale averages throughout the course of a simulation: on digital rock physics
* Simulation completely occuples GPU e Simulations that account for surface
* CPU cores used to analyze simulation state in real-time based on task heterogeneities due to mineral
parallelism composition YRR
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