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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by frade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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« Develop a two-phase compressible CO,-brine solver for running on wafer

scale engine (WSE)

 Demonstrate numerical accuracy and scalability of the WSE-based solver

on synthetic problems

« Demonstrate the WSE-based solver on well data from the lllinois Basin -
Decatur Project (IBDP)




WSE/Wafer Field Application (WFA)
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WSE is up to
470x speed of HPC &
three orders of magnitude
less energy utilization
and emissions!!!
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CEREBRAS WSE-3

46,226r

LARGEST GPU

aaaaaa * Silicon

80 Billion transistors

WSE
Colovore

(https://www.colovore.com/cerebras-
systems-a-global-leader-in-ai-
hardware-deploys-their-most-powerful-
supercomputers-at-colovore/)

Neocortex

(https://www.cmu.edu/psc/aibd/neoc
ortex/)

WFA
General CFD
Material Problems
Subsurface modeling




WSE/WFA Software
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Approximation Through Discretization

Quantities and behaviors affected mostly by
local values and immediate neighbor values
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Discretize

Carbon Storage
Problem in 3D/4D
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Discretization of
the Problem in
3D/4D

. Scientific physical approach for high-fidelity results
. Faster speed than traditional simulations
comparable to Arfificial Intelligence/Machine
Learning (Al/ML)
Mapping to WSE

WFA
» Connection
Formulate
Problem

Core WSE Chip
850,000 Cores -> 84 Dies -> 1 WSE Chip
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Two-Phase Model

+ The two-phase model for fluid flow in porous media is developed based on the water and gas equations. The
model accounts for the pressure — volume - temperature (PVT) properties and the relative permeability
calculations. The gas solubility in the liquid phase and the gravity effect are considered in the model.

« Water flow equation:
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P
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w

« Gas flow equation:

0 (¢ (0g Sy + Pw SwRsw)) p P
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w

where, @ is porosity. p,,, U, ¥w , ANd S, are density, viscosity, specific gravity, and saturation (for water). k and
k.., are permeability and relative permeability. Vp,, and Vz are pressure and elevation. q,, is
injection/production rate. R,, is gas solubility in water.
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Numerical Model - Materials
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PVT Properties and Relative Permeability
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 The model used for the calculations of PVT properties is the Peng-Robinson
Equation of State. The properties calculated for CO, as a function of pressure at

100 °C are givenin Figure 1.

« Relative permeability is estimated using Corey's model, as given in Figure 2.
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Figure 1: CO, PVT properties estimated using Peng-Robinson model.
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Figure 2: Relative
permeability calculations.




WSE/WFA IBDP Data Loading N=[hefeyA

Goal: IBDP Real Reservoir
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Simulation setup on WSE platform from Eclipse simulator cases of IBDP
* Mesh construction of IBDP site
* 100 cases of (permeability and porosity)

permeability
700000 1.7e-02 100 200 3.0e+02
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——tNavigator ——developed model ——errorpercent
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4000 35
t-Navigator 7 3500 3
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Consistent simulation setup on t-Navigator and
WSE/WFA code

« dx=dy=dz=30ft

« Q_gas = 10,000 scf/day

T_res =100 °C

* Permeability = 100 md

* Phi = 0.2 (porosity)

« Sw_if = 0.1 (minimum water saturation)

« Sw_if = 0 (minimum gas saturation)

WSE/WFA
Mesh Size of
(10x 10 x 10)
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Scalability Study on Neocortex sdf WSE N=|NAToNAL
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Mesh Size of CO, Plume evolution

~ Simulation setup on WSE/WFA code
(400 x‘4.00 x 124) animation (50~1000 days) . dx = dy = dz = 30 ft

« Q_gas = 10,000 scf/day

« T_res=100"°C

* Permeability = 100 md

« Phi = 0.2 (porosity)

« Sw_if = 0.1 (minimum water saturation)

« Sw_if = 0 (minimum gas saturation)

* (nx,ny,nz) =(100,100,124), (200,
200,124), (300,300,124), (400,400,124)

100 124 1.24 M ~1.38 sec
200 200 124 496 M ~1.54 sec
300 300 124 ~11.2M ~1.65 sec

400 400 124 ~19.8 M ~1.79 sec
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Preliminary Result Using Stand-Alone Code Toward WSE/WFA Implementation
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1. compile the code
python ../build_and_test.py -st 1; python -m
WEFA tests.TwoPhasePythonSolver_GasWater_Mina23May24_v4 WFA_v4 -hin
hardware_test -mg bench.img -ts32 1

2. submit job to Neocortex sdf-1
sbatch --nodelist=sdf-1 neocortex_slurm_script_bash -c hardware_test -o
Pn_array_wse,Sw_array_wse

3. security copy for post-processing
scp hkimd@bridges2.psc.edu:/jet/home/hkimd/hardware_test_ckpt_Sw_array_wse .
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Summary & Next Work

* Preliminary results
1. Developed proof-of-concept WFA code of two-phase CO, and brine model

2. Benchmarked results against t-Navigator outcomes
3. Tested scalability on Neocortex sdf wafer engine
4. Tested preliminary case based on IBDP CO, storage dataset

Next work
1. Development of pre-conditioner for linear solver on WSE/WFA

2. Benchmark study using t-Navigator on Joule3 CPUs/GPUs
3. Validation study based on legacy IBDP experiment/simulation
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