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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 nVIDIA

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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Schur Complement
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Well Contributions

/ --matrix-add-well-contributions=true A* = A — Z CwD;le
w

/ --matrix-add-well-contributions=Ffalse Ax, — Z CwD;le:L',.
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Multisegment Wells

Matrices || Standard Well Multisegment Well
5 1 4 x 4 4 x dim_ wells x 4 x dim__wells
Bw 4 x 3% Ng'r'id 4 x Nseg'rne'nts X 3 % Ngrz’d
Cw 3 X 4 % Ngrz’d 3 * Nsegments X 4 % Ng'r'z'd
Where,

e dim_wells is the wells dimension, equals 4;

® Ng,iq is the number of grid points;

® Nycgments 18 the number of segments in well w.
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Multisegment Wells

Dwzw = Bwa;r Dwzw — war (1)
Bsin—B, ) Bsip—R. | )
Dz, = R, — Byx, By =8 ™~ Zax  (3)

/ Two additional linear systems for each well for each linear iteration
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Moving between CPU and GPU

/ Multisegment well flow solved in CPU

By A

Az, — Z i

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

/ bdabridge / Factorization is done during object
/ apply(w,x,y) MultisegmentWellContribution construction
/Called twice for each active well (each linear
iteration)

[for well in active_wells_list: }

[well->apply(d_x, d_y);
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apply(...) Method

/ SPMV operations ... oLl e e
done with Hip |
kernels

OPM_TIMEBLOCK (apply) ;

/ Dense LU HIP_CALL(hipMemset(d_z, 0.0, ldb*Nrhs*sizeof(double)));
factorization using = oo -cev e
partial inOting parallelBlocksrmvB_x(d_Bvals, d_Bcols, d_Brows, d_x, d_z, size(Brows) - 1, dim_wells, dim);
with row S
interchanges 0z eq

void MultisegmentWellContribution::apply(double xd_x, double *d_y)

rs(handle, operation, rocN, Nrhs, d_Dmatrix, lda, ipiv, d_z, 1ldb));
\

/ Triangular solver

parallelBlocksrmvC_z(d_Cvals, d_Bcols, d_Brows, d_z, d_y, size(Brows) - 1, dim, dim_wells);
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apply(...) Method

Versions Kernel 1 Kernel 2
Version 0 Without reduction Without reduction
Version 1 With reduction With reduction

Version 2 | Contiguous operator | Without reduction
Version 3 | Contiguous operator With reduction

__global _ void contiguous_operator(const unsigned int =*cols,
const unsigned int *1ows,

Scalar *aux_x,

const Scalar *x,
const int block_dimN)

’
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Partial Results

/ Norne case with multisegment wells (opm-tests repository)
Machine
e CPU: AMD Ryzen 9 7900

e GPU: AMD Radeon PRO W7900

Command line options

/ --threads-per-process=1 / --matrix-add-well-contributions=Ffalse

/ --accelerator-mode=rocsparse / --linear-solver=ilu0
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Partial Results (Norne 1A)

Simulation Times MSW apply Times
533:11 285.95
486.62 497.16 267.15
401.89 408.59 217.69 220.81
I I 194.06
Base Case V0 Vi V2 V3 Base Case Vo Vi V2 V3

Release/2024.04 Release/2024.04
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Partial Results (Norne 1A)

Newton Iterations Overall Linear Iterations
2393 41517
37967
36041
1947
1734 29690 29690
1387 I 1387
Base Case VO V1 V2 V3 Base Case VO V1 V2 V3
Release/2024.04 Release/2024.04
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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

=OPM

VWl OPEN POROUS MEDIA

. . opm-simulators  Public S SR A R
/ O pe n SO U rce rese rVO I r S I m U la to r simulator programs and utilities for automatic differentiation.
@®c++ Yy 112 BGPL3.0 ¥ 122 (O 265 9 122 Updated 19 hours ago

/ Three-phase black-oil Fully implicit i e cns oo

@ECL Y28 % s8 (O7 1115 Updated 19 hoursago

/ CO2 storage, thermal simulation,  cmom S S

3 3D viewer and post processing of reservoir models
a n d Eol 2 Flu I dS ®c++ Yy 174 EEGPL-30 ¥ 92 (D 1,109 1 1  Updated yesterday

opm-grid  Public i A A

/ CU rre n tly d eve lo p ed by Seve ra l DUNE module supporting grids in a corner-point format

@®@c++ Yy 18 BGPL30 ¥ 76 (D6 11 18 Updated yesterday

. . .

Institutions opem-common (R
Common components for OPM, in particular build system (cmake).
@®c++ Yy 31 BEGPL30 ¥ 112 (O 121 §9 69 Updated 2 days ago
IFEM  Public nA N
IFEM - Isogeometric Toolbox for the solution of PDEs

@®c a2 %18 (OS5 1117 Updated2daysago

Figure 1: OPM Github repositories.

ﬂ OPM Summit | May 26-27", 2025



Multisegment Wells

Aa,w,s - Ag w,s
Ra,w,s - At & Qa,s - Z qa,j s Z Qa,k =)

je€C(w,s) kel(w,s)

Wellhead

Rp,s:ps_po_Hh_Hf_Ha

@ Node

For the top segment:

~———————— [low path

~f———eee@® Segment

target
RC,‘UJ = Pbhpw — pbhp,w =0

Rc,w . Qa T an’r'get =0

(a)

(b)

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

/ Norne cases with multisegment wells (opm-tests repository)
Machine 1 Machine 2
e CPU: AMD Ryzen 9 7900 e CPU: AMD Epyc 7763

e GPU: AMD Radeon PRO W7900 e GPU: AMD Instinct Mi210

Command line options

/ --threads-per-process=1 / --matrix-add-well-contributions=Ffalse

/ --accelerator-mode=rocsparse / --linear-solver=ilu0
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Partial Results

MSW apply Times
267.15
217.69 220.81
VO V1 V2

Machine 1 - release/2024.04; 194.06 iterations
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Partial Results

Overall Linear Iterations

29690

VO

36041

V1

29690

V2

Machine 1 - release/2024.04; 41517 iterations
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