Three-dimensional computer modeling of realistic marine CSEM earth models in the Flemish Pass  Basin
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Introduction

2D seismicdata acquiredin the FlemishPassBasinshows AVO anomaliesan
three Tithonianagedsandaup-dip from where awell,MizzenlL-11, wasdrilled

As an alternativeapproachto fluid substitution,our method uses3D marine
CSEM forward modelling software (Ansari and Farguharson,2014) on
unstructuredmeshegso assesshe potentialin thesesands

Finiteelement (FE) algorithms on unstructured meshes allow for local
refinementandcanrealisticallyrepresentsubsurfaceomplexities
Thismethodis usedin conjunctionwith comparisondo mCSEMdataacquired

by EI\/IGSto assistn derlsklngareservomn areal offshoreexploratlonsettlng

/ , ‘\(u[ unllmf

Near angle stack Far angle stack

1D sensitivity modeling

The sensitivityof marine CSEMto buried resistors dependson their burial
depth,lateralextent,andtransversaesistancgConstable2010

An approximate method to determine sensitivityto the L-11 reservoirs Is
through 1D modellingwhichwasachievedisingDIPOLBAD (Key,2009

The blocked resistivitiesfrom the L-11 well log are representativeof z4 (left
tablg, but in-line MCSEMieldsare most sensitiveto z_- (righttablg

he sensitivitiesshown are calculatedby normalizingthe hydrocarbonto the
brine sandresponsesor both z1 andz_
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3D model building Interpretation

he 3D models were built usind) three surfaces separatiggochronologientervals defined by 2D A Sensitivityanalysiss usedto evaluatehe detectabilityof the L-11 sands

seismic lines to delineate subsurface structure, (2) #id well-log to assign resistivities to each region A All hydrocarbonresponsesvere normalizedto brine responses

(3) and seismic AVO data and public information to determine the extent of the sands A The noisewasnormalizedby the in-line amplitudeto quantifythe noise contribution
The 11 sands were approximated as dipping slabs with thdipgortion containing hydrocarbons to the measurecEMGXdatafor eachreceiverandfrequency
Hydrocarbon portions of the sl abs were roug Ac A smellgensitivitygddes exist, buhtlze naxim@imsenstivityfar aliresdivers/fiequenc
Slice along the seismic lineff pangl perspective view along thmCSENMsurvey line iniddle pangl3D occursat anoffsetdominatedby noisein the data

perspective view of the 50 x 60 x 40 km computational mesjiht panél

Conclusion

. Was able to construct models of realistic scale and complexity despite the data
N U merlcal resu ItS limitationsof the FlemishPasBasinbeingin anexplorationphase

The L-11 reservoir appearsto be borderline detectable,and the lack of a strong
sensitivitythereof translatesto mCSEMstrugglingto distinguishbetween brine and
hydrocarbonsaturationdor this reservoirin particular

However,in the rangeof 4 - 8 km there appeardo be a sensitivitythat liesabovethe
noisethresholdfor the frequenciesonsideredandthesemultiple piecesof datacould
stackin aninversionto givea smallanomaly

The L-11 reservoir is smallbut further testinghasshownif the reservoir waslarger,
3D mMCSEMwould be far more sensitiveandserveasa usefulsupplement

Surfacesvere incrementallyaddedto the modelwith aniterative processof makingsimulationsat each
step,makingcomparisongo the measureceMG3ataandupdating,.. asneeded
Numericalsimulationsvere generatecht three differentfrequencieg0.25 Hz,0.50 Hz,and 1.00 Hz) and
at fivereceiverssurroundingthe L-11 prospect(seeonsemap

For all of the results generatedthe recovered amplitudeswere of good quality,the iterative solver
convergeadwell,andthe reservoirresponsesnatchedwell with the measurediata

The brine responsecurveassumeshe up-dip portions of the sandsare alsofilled with brine
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