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Application areasApplication areas

nn Development, appraisal and exploration Development, appraisal and exploration 
situationssituations

nn Requisite informationRequisite information
nn SeismicSeismic
nn At least one relevant wellAt least one relevant well
nn Regional rock physics (sonic logs etc)Regional rock physics (sonic logs etc)
nn Wavelet from well tieWavelet from well tie



Desired rock physicsDesired rock physics

nn Effect of rock Effect of rock 
nn Location (geometry).Location (geometry). LithologyLithology changeschanges
nn Velocity, density, porosity uncertaintyVelocity, density, porosity uncertainty

nn Compaction + upliftCompaction + uplift

nn Fluid contentFluid content
nn Type, saturations, densitiesType, saturations, densities

nn Mixing Mixing 
nn NetNet--toto--gross (NG) effects…gross (NG) effects…



TraceTrace--local Modellocal Model

nn Fundamental parametersFundamental parameters
nn Layer timesLayer times
nn Rock properties in each layerRock properties in each layer



Rock Physics (1)Rock Physics (1)

nn Each layer a blend of two rocksEach layer a blend of two rocks
nn Model based on small number of rock typesModel based on small number of rock types
nn Compaction trends for each rock typeCompaction trends for each rock type

nn Estimates of netEstimates of net--toto--gross NG for each layergross NG for each layer



Rock Physics (2)Rock Physics (2)

nn Effective media modelsEffective media models
nn Effective fluids from fineEffective fluids from fine--scale mixing (saturation scale mixing (saturation 

basedbased ReussReuss average)average)
nn Effective permeable medium fromEffective permeable medium from GassmanGassman

substitution of effectivesubstitution of effective--fluid into permeable rockfluid into permeable rock
nn Effective acoustic medium from Backus averaging of Effective acoustic medium from Backus averaging of 

permeable and nonpermeable and non--permeable rockpermeable rock



Construction of prior modelConstruction of prior model
nn Rock+fluid properties from regional trendsRock+fluid properties from regional trends
nn NetNet--toto--Gross from logs, regional knowledgeGross from logs, regional knowledge
nn Layer times from approximate picks+uncertaintiesLayer times from approximate picks+uncertainties
nn Time truncations allowed forTime truncations allowed for pinchoutspinchouts



Fluid CombinationsFluid Combinations

nn Permeable rocks can have oil/gas/fizzPermeable rocks can have oil/gas/fizz--
gas/brine, with specified prior probabilitygas/brine, with specified prior probability

nn Density ordering of fluids in layers Density ordering of fluids in layers –– various various 
combinationscombinations

nn Fluid combinations enumerated (e.g. 4…)Fluid combinations enumerated (e.g. 4…)
1:  B B B B        1:  B B B B        P(1)=0.40P(1)=0.40
2:  B O G G        2:  B O G G        P(2)=0.25P(2)=0.25
3:  B O O G        3:  B O O G        P(3)=0.35P(3)=0.35



LikelihoodsLikelihoods

nn Seismic constraints (1DSeismic constraints (1D convolutionalconvolutional model). model). 
MultiMulti--stack, AVOstack, AVO

nn IsopachIsopach constraints (well ties)constraints (well ties)



Seismic LikelihoodSeismic Likelihood

nn 1D1D convolutionalconvolutional model,model, subsampledsubsampled ll22
norm norm χχ2  2  = = ΣΣ  

t,stackst,stacks
((ww**RReffeff –– S)S)2 2 //σσss

22

nn Wavelet Wavelet ww provided, plus noise level provided, plus noise level σσss

nn Stack parameters provided forStack parameters provided for
ZoeppritzZoeppritz equations (AVO effects)equations (AVO effects)

nn EffectiveEffective reflrefl. coefficients. coefficients RReffeff from from 
effective propertieseffective properties vvpp,, vvss, , ρ.ρ.

nn MultistackMultistack: product of: product of likelihoodslikelihoods



IsopachIsopach constraintsconstraints

nn Thickness from effectiveThickness from effective vvpp, two, two--way timeway time

χχ2  2  = = ΣΣ  ((vvpp∆∆t/2 t/2 –– d)d)2 2 //σσdd
22



Bayesian PosteriorBayesian Posterior
nn  Π Π((mmkk|S) |S) ~~ P(P(mmkk) L() L(mmkk|S)|S)

nn kkthth fluid combinationfluid combination
nn ΠΠ((mmkk|S) is|S) is multimodalmultimodal, high , high 

dimensional, nondimensional, non--GaussianGaussian
nn The “answer” is near the modes: The “answer” is near the modes: 

most “inversion” programs give most “inversion” programs give 
only the parameters at the (best?) only the parameters at the (best?) 
modemode

nn Uncertainty of inversion Uncertainty of inversion 
determined by mode shape: must determined by mode shape: must 
find all modes + quantify themfind all modes + quantify them

nn Mode positions,Mode positions, covariancescovariances, , 
heights found & collected using heights found & collected using 
multidimensional optimisation multidimensional optimisation 
methodsmethods
nn QuasiQuasi--Newton methodsNewton methods
nn Genetic algorithmsGenetic algorithms



Sampling for the uncertaintySampling for the uncertainty

nn Hybrid MCMC methodsHybrid MCMC methods
nn JumpsJumps withinwithin modelsmodels
nn Jumping Jumping betweenbetween modelsmodels

nn Acceptance probability (Metropolis Hastings)Acceptance probability (Metropolis Hastings)



Random Walk SamplersRandom Walk Samplers
nn Random walk Random walk withinwithin

modelsmodels

nn Model jumping Model jumping betweenbetween
modelsmodels



Random Walk samplers (2)Random Walk samplers (2)

nn AdvantagesAdvantages
nn High acceptance rates (High acceptance rates (~0.25)~0.25)
nn Simple to code & get rightSimple to code & get right

nn CaveatsCaveats
nn Long correlation lengths (~3d)                                  Long correlation lengths (~3d)                                  

nn Decimation usually appliedDecimation usually applied

nn Occasional slowOccasional slow tunnelingtunneling effectseffects



Independence SamplersIndependence Samplers

nn Build mixedBuild mixed--GaussianGaussian
approximation to approximation to ΠΠ(m|S):(m|S):
P(P(mmnewnew||mmoldold)=)=PPapproxapprox((mmnewnew))
nn AdvantagesAdvantages

nn Very efficient if Very efficient if ΠΠ(m|S) close to(m|S) close to
GaussianGaussian

nn DisadvantagesDisadvantages
nn Can lock up if posterior isCan lock up if posterior is wierdlywierdly

shapedshaped



OutputsOutputs

nn Stochastic samples in SU formatStochastic samples in SU format
nn All layer propertiesAll layer properties
nn Useful commercial quantitiesUseful commercial quantities

nn Net sand, net hydrocarbon, thickness…Net sand, net hydrocarbon, thickness…
nn Fluid contentFluid content

nn Effective acoustic propertiesEffective acoustic properties
nn DiagnosticsDiagnostics



Ensemble analysisEnsemble analysis

nn deliveryAnalyserdeliveryAnalyser:: separate analysis module separate analysis module 
(“small is beautiful”(“small is beautiful”))
nn Quantity statisticsQuantity statistics
nn HistogramsHistograms
nn SyntheticSynthetic seismicsseismics
nn DiagnosticsDiagnostics

nn Interfaces nicely with Interfaces nicely with 
nn INT viewerINT viewer
nn SU, BHP_SUSU, BHP_SU



Example (1) Sand wedgeExample (1) Sand wedge



Example (2) Example (2) 
NetNet--toto--gross gross 

wedgewedge



Example (3) Current BHP projectExample (3) Current BHP project
pre inversion post inversion N/G

tim
e

xline number



Net sand and P(oil) mapsNet sand and P(oil) maps
mean net sand (ft) stddev net sand (ft) oil probability



RealisationsRealisations at a traceat a trace

black trace = seismic data,   red trace = synthetic seismic P50 model

pre inversion

post inversion

realisation number

tim
e

N/G



Fluid probability and spaghetti plotsFluid probability and spaghetti plots



Prediction confirmed by wellPrediction confirmed by well
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pre inversion
P(>40 ft) = 77%
P(oil) = 50%

post inversion
P(>40 ft) = 99.9%
P(oil) = 91%

well result (136 ft)



The softwareThe software

nn 100% Java (platform independent)100% Java (platform independent)
nn Uses highUses high--quality public domain numerical librariesquality public domain numerical libraries
nn Public domain (open source), à la Linux, GNU...Public domain (open source), à la Linux, GNU...

nn improvements returned to maintainersimprovements returned to maintainers
nn Interfaces with INT viewerInterfaces with INT viewer

nn servletservlet--applet, multiapplet, multi--tier structuretier structure
nn Java, XML Java, XML savesetsaveset of viewof view
nn MultidimentionalMultidimentional 2D viewer, 3D in future2D viewer, 3D in future

nn General XML editor for parameters and distributionGeneral XML editor for parameters and distribution
nn BehavoirBehavoir determined by determined by xsdxsd
nn ServletServlet--applet infrastructureapplet infrastructure



XML parameter & script editorXML parameter & script editor



Under developmentUnder development

nn Bayesian wavelet extraction modulesBayesian wavelet extraction modules
nn MultiMulti--stackstack
nn Deviated wellsDeviated wells

nn 4D seismic inversion tools4D seismic inversion tools
nn Multiple survey, multiple stack seismic inversionMultiple survey, multiple stack seismic inversion
nn Coupled with reservoir dynamics using experimental Coupled with reservoir dynamics using experimental 

design proxies (Chris White, LSU)design proxies (Chris White, LSU)



Where to get itWhere to get it

nn www.petroleum.www.petroleum.csirocsiro.au.au
? Open source projects? Open source projects

nn Complete preprint (Computers & Geosciences)Complete preprint (Computers & Geosciences)
nn Source code (available early July)Source code (available early July)
nn Send email to Send email to james.gunning@csiro.aujames.gunning@csiro.au to be to be 

informed when it is availableinformed when it is available


