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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 trade 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 data loader and foundational algorithms towards a two-phase

compressible CO,-brine solver for running on WSE

 Demonstrate numerical accuracy and scalability of the wafer scale

engine (WSE)-based solver on synthetic problems

« Demonstrate the WSE-based solver on well data from the lllinois Basin -
Decatur Project (IBDP)
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1. Scientific physical approach for high-fidelity results

2. Faster speed than traditional simulations
comparable to Al/ML (Artificial Intelligence/
Machine Learning)

Approximation Through Discretization

Quantities and behaviors affected mostly by

local values and immediate neighbor values Mapping to WSE
‘m o
WFA
» . . » Connection
& W Discrefize Formulate
Problem , _
Carbon Storage Discretization of D N
Problem in 3D/4D the Problem in Core WSE Chip

3D/4D 850,000 Cores -> 84 Dies -> 1 WSE Chip
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« The two-phase model for fluid flow in porous media is developed based on the water
and gas equations. The model accounts for the PVT (pressure — volume - temperature)
properties and the relative permeability calculations. The gas solubillity in the liquid
phase and the gravity effect are considered in the model.

« Water flow equation:

d S
(@ Pw Sw) — V. (p_W k k., (Vpw + ¥wVZ)) + qu
ot Hw
« Gas flow equation:
9 Sy + Pw SwR
(@ (Pg Sg + Pw SwRsw)) _ o (2 kg + 22 ke Ky Re) (Vpg +7,V2)) + 4,
Jt Hg Hw

where, ¢ is Porosi’ry. Pw, Uw Y » QN S, are density, viscosity, specific gravity, and
saturation (for water). 'k Qﬂd%rw are permeabillity and relative permeability. Vp,, and Vz
are pressure and elevation. q,, 1S injection/production rate. R, is gas solubility in water.
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PVT Properties and Relative Permeability

« 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 given in 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. Figure 2: Relative

permeability calculations.
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Consistent simulation setup on t-Navigator and
WSE/WFA code

« dx=dy=dz=30ft

« Q_gas = 10,000 scf/day

- Tres=100"°C

« Permeability = 100 md

« Phi = 0.2 (porosity)

« Sw_if = 0.1 (minimum water saturation)

« Sw_if = 0 (minimum gas saturation)
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Mesh Size of CO, Plume evolution

: ‘ - Slmulahon setup on WSE/WFA code
(400 x 400x 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)

“_“ Total # cells

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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Mesh Size of CO, Plume evolution

: ‘ - Slmulqhon setup on WSE/WFA code
(400 x400 x 124) animation (50~1000 days) dx = dy = dz = 30 ft
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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)

“_“ Total # cells

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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Comparison Study with IBDP Experiment = |NATIONAL

Preliminary Result Using Stand-Alone Code Toward WSE/WFA Implementation
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3500
17.5 .
3480
15.0 15.0 A
3460
12.5 12.5 A
N 3440 N
c £
s 10.0 T 10.0
g 3420 <
< £
b=l h= |
S 75 3400 5 78
5.0 3380
25 3360
0.0 3340
00 25 50 75 100 125 150 175 7.5 10.0
. . grid index in Y
grid index in Y

« 100 days CO, injection data

 Uniform permeability and
POrosity

« Converting stand-alone version
into WSE/WFA
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WSE/WFA IBDP Data Loading

Goal: IBDP Real Reservoir
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Eclipse Simulator - Mesh & Permeability

U.S. DEPARTMENT OF

) ENERGY

le+s

700000

705000

N=
TL

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

Simulation setup on WSE platform from Eclipse simulator cases of IBDP
* Mesh construction of IBDP site
* 100 cases of (permeability and porosity)
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Cerebras C5-1 Cerebras C5-1

400,000 cores 400,000 cores
1.2T transistors 12T transistors

18 GB SRAM : 18 GE SRAM

g 9PB mem bw
AEE DR 100 GhE 100 GhE

Switch Switch

1.2Th/s

Data load/download
HPE
to local computer Superdome Flex

32 Intel Xeon CPUs
24TB RAM

e Interior view of the
204.8TE NVMe 55D cerebras cs_1

BxHDR-Zm:J Load 200 T8 of training -
16Tb/s | data in ~20 minutes Wafer Scale Engine (WSE)

Processor

Bridges-2

Ocean 1 Bridges-Al
Filesystem" SErdslzblLE = = BB V100 GPUs:
e e Brldges—_z compute 1% NVIDIA DEX.2
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XSEDE
Jer 223TB/s mem bw \ Internet-2
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460TB Instruments
NVMe 55D Clouds

https://www.nexiplatform.com/2022/04/14/psc-upgrades-neocortex-ai-supercomputer-with-new-cerebras-engines/
https://www.youtube.com/watch?v=0xA-23skBG4
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https://www.nextplatform.com/2022/04/14/psc-upgrades-neocortex-ai-supercomputer-with-new-cerebras-engines/
https://www.youtube.com/watch?v=OxA-23skBG4

Summary & Next Work

* Preliminary result
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 IBDP experiment/eclipse simulation
4. Relevant to ML/AI CCS carbon capfture storage SMART
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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 .

4. Schematic figure for data flow between neocortex and local workstation
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