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e Retain geomodel complexity with millions of cells
e Multiple flow-sim realizations for dynamic ranking

¢ Fast what-if HM parameter testing cases

Model Runtime vs. Reservoir Complexity

Flow-Sim Runtimes

> Permian Basin Index Map

5 zones, 14 staggered wells,
30 stages/well, 16 million cells

Retained Reservoir Complexity

GPU Flow-Sim Solutions

Echelon is new GPU software for large scale high
performance reservoir simulation. It was developed
from inception for fine-grained parallelism targeting
GPUs. It is exceptionally fast, typically achieving
between 10x to 20x faster runtimes than leading
commercial simulators and has demonstrated Bakken/TF Geomodel
scaling to very large systems with 100 million flow- URTEC 2153938 \

sim cells, in some cases without upscaling. { Mounuan o,

Porosity Variation 14 Stacked Horizontal Wells
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Time steps 68 68
Newton iterations 418 417
Linear iterations 1678 1617
Solver setup time 31s 20s

SPE-10 Multi-IV_IiIIio_n Cell Test Case

Solver solve time 53s 40s

Middie Bakken

Jacobian time 8s 4s

Simulation Interval

Initialization time 7s 7s
Total wall time 103s 75s

Source for comparison Method Hardware Time

Gratienetal. (2007) Fl with CPR-AMG 64 CPUs 620s 1120 columns x 1760 rows x 217 layers

Fung and Dogru (2008) Fl with CPR-LSPS 64 CPUs 490's

Gratien, J.M. et al. [2007] Scalability and load balancing problems in parallel reservoir

= 428 MM static geomodel cells

www.stoneridgetechnology.com
EAG EHPC Wo rkshop simulation. SPE Reservoir Simulation Symposium, SPE-106023-MS

Fung, LS. and Dogru, AH. [2008] Parallel unstructured-solver methods for simulation of complex

Se pt. 2014 | giant reservoirs. 5P Journal, 13 (04), 440-446.




/ Reservoir.com

e-solution for global eneM/

Echelon GPU Flow-Sim

Wolfcamp GPU Flow-Sim

GPU Unconventional Examples
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SRV and Hydraulic Fracture Description

Porosity Variation
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Bakken GPU Flow-Sim

Initialization
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Natural Fracture Distribution Cases

HydroFrac Well Placement Cases

Fracture schematic Parameter Value (ft.)
Hydraulic fracture SRV height 90 /
porizontat We! Frac height 90 -
SRV length | 680 Grid size:
Frac length | 440 40 ft. x40 ft. x 4 ft.
SRV width | 280 Active cells 16 million 4= Distance (o NDIC Lincamentsused for case NF-§
Frac spacing 50 Simulation time 20 years Setd W
Note: Fracture condutivity is 50md-ft Time step 131 days
Stimulated reservoir
voluime
Geometry Description Multiple Realizations: Parameter Space
Parameter Min. Base Max.
Inital gas saturation o8 [ 1
(multipher)
Matrix porosity multiplier 03 1 11 v v |
Matrix perm multiplier 02 1 2 e i S
Matrix-fracture trans. multiplier 01 1 0
Natural frac. perm. multiplier 0.1 1 10
5 Zones, SRV permeabllity (D) 005 01 02
Zones 14 Staggered Wells | S8V height (ft) a6 £ L
SRV areal extent (ft) 420 680 520
i o 5
Pacaenetor Mis, B M, Fracture height (ft) 56 90 122 AP Fuchas Pavmatilty ¥ o
[—— T oos | oaor 018 Fracturs areal extent (ft.} 280 410 600 TFE Sgrm P, 8
Matrin K (nD) 267 mr 125 Fracture conductivity (mD-ft) 10 50 250
Matural frac. & (o0} (unstimulated] | 268 | 434 ) Wel imerference 57,12-14 Shut | Allopen | 14, 8-11 Shut

30 View of HFISRY 197 363 Mile Atea HFISRY Conductivity Mod!

Well Interactions
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MB Pressure Distribution
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Water Cut

Pressure Distribution after 10-year Period of
Depletion

Initial Transient Pressure Distribution Year
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Simulation Results
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0.04 |- 8
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