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Highlights

GPRS is a next-generation research simulator developed 
in Stanford SUPRI-B group 

GPRS uses state-of-the-art object-oriented design and is 
programmed in standard C++

GPRS is easy to extend and easy for team development

GPRS can be used by multiple researchers with various 
purposes of reservoir engineering and management

Most of SUPRI-B group’s research results are tested and 
reflected in GPRS 
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Milestones
2002: 1st release of GPRS to SUPRI-B members: generalized 
unstructured, compositional formulation

2004: Finished Multi-segment well (MSWell) implementation

2005: Started to add energy equation; SLB/CVX/Total’s Intersect 
project initiated largely following the philosophy and system design of 
GPRS

2007: Finished adding advanced upscaling features for NFR (MSR), 
conventional reservoirs (ALG), and near-well regions

2009: Finished generalized chemical-reaction formulation (multi-
species)

2010: Started to implement auto-differential formulation; finished CO2 
sequestration and CBM module; Collaborative development 
agreement signed between Stanford and Peking University 
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Features of GPRSFeatures of GPRS

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulation and SolversPowerful Formulation and Solvers

OthersOthers
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StateState--ofof--thethe--Art ObjectArt Object--oriented Designoriented Design

Major commercial reservoir simulators are still Major commercial reservoir simulators are still 
pprocedurerocedure--oriented design (Eclipse, CMG, VIP, etc.)oriented design (Eclipse, CMG, VIP, etc.)
GPRS uses objectGPRS uses object--oriented designoriented design

–– Much more natural way to model an oilfieldMuch more natural way to model an oilfield
–– Enables dataEnables data--encapsulationencapsulation
–– Clear structure, easy to maintainClear structure, easy to maintain
–– Allow easy teamworkAllow easy teamwork
–– Unlimited extensibilitiesUnlimited extensibilities
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OutlineOutline

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulation and SolversPowerful Formulation and Solvers

OthersOthers
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FullFull--function Reservoir Simulatorfunction Reservoir Simulator

A BlackA Black--Oil simulatorOil simulator
–– Allow Any combination of oilAllow Any combination of oil--waterwater--gas phasesgas phases
–– A Special case of compositional formulationA Special case of compositional formulation

A Compositional simulatorA Compositional simulator
–– Any number of componentsAny number of components
–– Comprehensive EOS modelsComprehensive EOS models
–– Fast flash calculationFast flash calculation

A ChemicalA Chemical--Reaction SimulatorReaction Simulator
–– Largely applied in Global Climate and Energy Project (GCEP)Largely applied in Global Climate and Energy Project (GCEP)’’s s 

CCS researchCCS research
–– Ready to use for CBM and Shale Gas simulationReady to use for CBM and Shale Gas simulation

and thermaland thermal
–– OnOn--going workgoing work
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A BlackA Black--Oil ExampleOil Example

1010thth SPESPE standard comparison project, example 2standard comparison project, example 2
OilOil--water model with 1.12 million gridswater model with 1.12 million grids
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Benchmark ResultsBenchmark Results

Matched with industry simulators Matched with industry simulators 
Much faster than EclipseMuch faster than Eclipse

–– It takes GPRS 4.5 hrs on single CPU (2.8It takes GPRS 4.5 hrs on single CPU (2.8GHzGHz))
–– It takes Eclipse 5 hrs on 8 CPUs (2.8 It takes Eclipse 5 hrs on 8 CPUs (2.8 GHzGHz))
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A Compositional ExampleA Compositional Example
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OutlineOutline

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulation and SolversPowerful Formulation and Solvers

OthersOthers
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MultiMulti--level Sparse Block Matrixlevel Sparse Block Matrix
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Block Compressed Row MatrixBlock Compressed Row Matrix

diagonal

9 1 4
off-diagonal

633

compressed row sparse pointer matrix

•

Designed specifically for unstructured grid & AIM
Easy to adopt new algorithms
Better cache utilization
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OutlineOutline

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulation and SolversPowerful Formulation and Solvers

OthersOthers
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MultiMulti--Segment WellSegment Well

MultiMulti--segment well (MSWell) model describes the segment well (MSWell) model describes the 
flow behavior inside each discretized segment of the flow behavior inside each discretized segment of the 
wellbore (e.g. wellbore (e.g. J.A. HolmesJ.A. Holmes))

After J.A. HolmesAfter J.A. Holmes
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MSWell MSWell –– More PhysicsMore Physics

Consider fluid gravity, friction with wellbore, and Consider fluid gravity, friction with wellbore, and 
accelerationacceleration
Consider the driftConsider the drift--flux between phasesflux between phases
Assign variables of pressure, holdAssign variables of pressure, hold--ups, velocity along ups, velocity along 
wellborewellbore
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MSWell FormulationMSWell Formulation
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OutlineOutline

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulation and SolversPowerful Formulation and Solvers

OthersOthers
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Grid Types Grid Types 

GRPS supports various grid typesGRPS supports various grid types
–– Cartesian gridCartesian grid
–– CornerCorner--point gridpoint grid
–– Unstructured gridUnstructured grid
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Unstructured Grid ExampleUnstructured Grid Example

5227 fractures 5227 fractures 
Large permeability range: 0.1 ~ 10Large permeability range: 0.1 ~ 1066 mdmd
Porosity: 0.25 ~ 1.0Porosity: 0.25 ~ 1.0
Large cell size range: 10Large cell size range: 10--33 ~ 10~ 103 3 cftcft
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C1 Composition MapsC1 Composition Maps

t = 70 days t = 100 days t = 500 days

t = 5 days t = 10 days t = 40 days
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DFM Application in ChinaDFM Application in China’’s First CCS projects First CCS project

Hydraulic Fracture length: 100m

22Hydraulic Fracture length: 300m CO2 saturation profiles
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Hydraulic Fracture Model
Geological Model

DFM Model

3D Model with Hydraulic Fractures3D Model with Hydraulic Fractures
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OutlineOutline

StateState--ofof--thethe--Art ObjectArt Object--Oriented DesignOriented Design

FullFull--function Reservoir Simulatorfunction Reservoir Simulator

Innovative Data StructuresInnovative Data Structures

Advanced Well ModelsAdvanced Well Models

Compatible with Various GridsCompatible with Various Grids

Powerful Formulations and SolversPowerful Formulations and Solvers

OthersOthers
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Powerful Formulations and SolversPowerful Formulations and Solvers

GPRS provides more flexible formulationsGPRS provides more flexible formulations

–– Fully implicit (FIM) method, Fully implicit (FIM) method, 

–– Implicit pressure explicit saturation (IMPES) methodImplicit pressure explicit saturation (IMPES) method

–– Implicit pressure and saturations and explicit component Implicit pressure and saturations and explicit component 

mole fractions (IMPSAT) methodmole fractions (IMPSAT) method

–– Adaptive implicit (AIM) method, with any combination of Adaptive implicit (AIM) method, with any combination of 

above formulationsabove formulations
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Powerful Formulations and SolversPowerful Formulations and Solvers

GPRS provides a large set of powerful solvers and GPRS provides a large set of powerful solvers and 
preconditionerspreconditioners

–– LAPACK full/banded matrix direct solversLAPACK full/banded matrix direct solvers

–– BlitzPak iterative solver BlitzPak iterative solver 

–– PointPoint--wise / blockwise / block--wise GMRES iterative solverwise GMRES iterative solver

–– BiCGstab iterative solverBiCGstab iterative solver

–– PointPoint--wise/ blockwise/ block--wise diagonal preconditionerswise diagonal preconditioners

–– Incomplete LU decomposition preconditionersIncomplete LU decomposition preconditioners

–– Constraint pressure residual (CPR) preconditionersConstraint pressure residual (CPR) preconditioners

–– AMG preconditionersAMG preconditioners
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ResultsResults

CPR method is a twoCPR method is a two--stage preconditionerstage preconditioner

–– A highly accurate pressure solve as first stageA highly accurate pressure solve as first stage

–– A loose ILU global solve as second stageA loose ILU global solve as second stage

AIM formulation + blockAIM formulation + block--wise GMRES solver + CPR wise GMRES solver + CPR 

preconditioner are the best combination for most of preconditioner are the best combination for most of 

reservoir simulation casesreservoir simulation cases

Widely recognized by industry Widely recognized by industry 
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ExamplesExamples

–– 110x30x16 grid (52,800)110x30x16 grid (52,800)
–– OilOil--water systemwater system
–– 5 multi5 multi--segmented bilateral producerssegmented bilateral producers
–– 9 segments, 6 perforations per MSWell9 segments, 6 perforations per MSWell
–– 2 standard vertical injectors2 standard vertical injectors

Upscaled SPE10 (top formation)
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ResultsResults

Two scenarios: producers are modeled with MSWell Two scenarios: producers are modeled with MSWell 
or notor not
CPR is 4~6 time faster than ILUCPR is 4~6 time faster than ILU
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OthersOthers

Programmed in Standard C++, ideally should work 

on any operating system

Currently available in 32-bit/64-bit Windows，Linux 

and Unix systems
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Thank You!Thank You!
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