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Motivation

/ OPM is seeking a “full” simulator on GPU
/ The multisegment well model is missing on GPU
/ As well contributions can be applied during the reservoir solver, it 

can lead to unnecessary data transfer if it is not implemented on 
GPU
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GPUs

/ Originally created to process data 
for computer displays

/ GPGPUs are used to accelerate 
scientific computing

/ Much more computer units than 
CPUs

/ Highly parallel computations
Figure 2: AMD and NVIDIA logos
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Flow on GPUs

/ Solve the simulator linear system

/ Standard Well Model apply method

/ Supports GPUs from different vendors; AMD, NVIDIA, and Intel

/ Command line options to run on GPU:

--accelerator-mode = [none, cusparse, opencl, amgcl, rocalution, 
rocsparse] (release/2024.04)
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/ We do not calculate D^{-1} for 
the multisegment wells

/ BiCGStab method with ILU0 
preconditioner

Schur Complement
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/ --matrix-add-well-contributions=true

/ --matrix-add-well-contributions=false

Well Contributions
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Multisegment Wells
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Multisegment Wells

/ Two additional linear systems for each well for each linear iteration

(1)

(2)

(3)
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Moving between CPU and GPU

/ Multisegment well flow solved in CPU 

GPU
CPU

Solve

Figure 4: Data transfer diagram 
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apply(...) Method

/ bdabridge

/ apply(w,x,y)

for well in active_wells_list:

well->apply(d_x, d_y);

/ Factorization is done during object 
MultisegmentWellContribution construction

/Called twice for each active well (each linear 
iteration)
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apply(...) Method

/ SPMV operations 
done with Hip 
kernels

/ Dense LU 
factorization using 
partial pivoting 
with row 
interchanges

/ Triangular solver 
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apply(...) Method
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Partial Results

/ Norne case with multisegment wells (opm-tests  repository)

/ --matrix-add-well-contributions=false

/ --linear-solver=ilu0

/ --threads-per-process=1

/ --accelerator-mode=rocsparse

Machine

● CPU: AMD Ryzen 9 7900

● GPU: AMD Radeon PRO W7900

Command line options
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Partial Results (Norne 1A)
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Partial Results (Norne 1A)
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Next Steps

/ Apply multisegment wells in parallel

/ Solve linear system with sparse LU 

/ Measure the impact on bigger models. More wells and more segments.

/ Test strategy without Schur Complement
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OPM Flow

/ Open Source reservoir simulator

/ Three-phase black-oil fully implicit

/ CO2 storage, thermal simulation, 
and EOR fluids

/ Currently developed by several 
institutions

Figure 1: OPM Github repositories.
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Multisegment Wells

For the top segment:

Figure 3: (a) segment elements; (b) multisegment well.
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Partial Results

/ Norne cases with multisegment wells (opm-tests  repository)

/ --matrix-add-well-contributions=false

/ --linear-solver=ilu0

/ --threads-per-process=1

/ --accelerator-mode=rocsparse

Machine 1

● CPU: AMD Ryzen 9 7900

● GPU: AMD Radeon PRO W7900

Machine 2

● CPU: AMD Epyc 7763

● GPU: AMD Instinct Mi210

Command line options
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Partial Results
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Partial Results


