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OutlineOutline

•• The imaging problemThe imaging problem
•• High resolution MTHigh resolution MT
•• The advancesThe advances
•• WhatWhat’’s next?s next?
•• Marine MT: commercial breakthroughMarine MT: commercial breakthrough
•• SummarySummary
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Imaging issuesImaging issues

•• The problemThe problem
–– Thrusting & messy structureThrusting & messy structure
–– Heavy Heavy staticsstatics in seismicin seismic
–– TopographyTopography

•• The solution approachThe solution approach
–– Seismic data need drives choice of method & path of Seismic data need drives choice of method & path of 

integrationintegration
–– Use independent; integrate w/seismic; redo combined Use independent; integrate w/seismic; redo combined (No (No 

magic bullet)magic bullet)
•• ReRe--engineer support systemsengineer support systems

–– Select methods complementary to seismic Select methods complementary to seismic (physics & (physics & 
commercial benefits)commercial benefits)

–– Redesign entire system from seismic viewRedesign entire system from seismic view
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BackgroundBackground

• Southern Apennines thrust belt, Italy: prolific 
petroleum province

• First discovery in Costa Molina, Monte Alpi area 
with advanced Geophysics

• Since 1990 MT imaging where seismic is noisy 
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SATB petroleum provinceSATB petroleum province
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ENI ENI -- AgipAgip MT success storyMT success story

• Higher data quality
• Cost-effective 3D high-density coverage
• Improved quantitative link between seismic and MT
• Significantly better imaging of complex geology
• Verification of the integrated models by the drill 
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HighHigh--density 3D MT coveragedensity 3D MT coverage
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The Imaging ProblemThe Imaging Problem

•• Degradation of primary reflectionsDegradation of primary reflections

•• Generation of highGeneration of high--amplitude scattered wavesamplitude scattered waves
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Rough topographyRough topography

Madonna Madonna didi
ViggianoViggiano
1727 m1727 m
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Complex geologyComplex geology
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Noisy seismic data exampleNoisy seismic data example

TRAMUTOLA AREA
MONTICELLO

AGRI RIVER AGRI VALLEY ALLI
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Noisy seismic data exampleNoisy seismic data example

MONTE ENOC M. CALDAROSAVIGGIANO
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LOWER MIOCENE

TOP APULA
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SATB MT dataSATB MT data

High frequency shallowHigh frequency shallow Low frequency deepLow frequency deep
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2D P2D P--wave tomographywave tomography
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Depth imageDepth image
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High resolution MTHigh resolution MT

Magnetic sensor

LAN

Acquisition frequency range

48 kHz to 0.01 Hz or 0.001 Hz

Dipole length 50 m
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•• 2424--bit data resolutionbit data resolution

•• Very low noise electronicsVery low noise electronics

•• NetworkableNetworkable

•• Automated acquisitionAutomated acquisition

•• Complete inComplete in--field QCfield QC

•• Sampling to 48 kHzSampling to 48 kHz

•• Highly portableHighly portable

•• Efficient power managementEfficient power management
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High resolution MTHigh resolution MT

• Remote referenced data acquired at two 
locations by independent crews

• New processing tools developed for huge data 
flow & strong noise 
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2D MT depth image2D MT depth image



Eni Agip Division - GEBA

SynergySynergy
MONTICELLO

ALLI

MONTE ENOC
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AchievementsAchievements

•• Far better exploration toolFar better exploration tool
•• More accurate depth imagingMore accurate depth imaging
•• Far lower costsFar lower costs
•• Quicker turn around timesQuicker turn around times
•• Less cost for the environmentLess cost for the environment
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Next stepsNext steps

•• Commercialize technology (critical mass!!)Commercialize technology (critical mass!!)

•• Use HRS at selected locations to calibrate resistivity / Use HRS at selected locations to calibrate resistivity / 
seismicseismic

•• Apply joint modeling & inversion tools for nearApply joint modeling & inversion tools for near--subsurface subsurface 
velocity modelvelocity model

•• Use high resolution model to image Use high resolution model to image ““lowlow--frequencyfrequency””
seismic dataseismic data
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Marine MT is emergingMarine MT is emerging
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MMTMMT--24 system24 system

•• 66--km water depth km water depth 
•• 200200--hours of operationhours of operation
•• 66--2424--bit channelsbit channels
•• 33--component accelerometercomponent accelerometer
•• Electronic orientationElectronic orientation
•• Flash memory 192 MbFlash memory 192 Mb
•• Acoustic releaseAcoustic release
•• Ocean depth marine sensorsOcean depth marine sensors
•• UpgradableUpgradable to record OBSto record OBS
•• Modular frameModular frame
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GOM dataGOM data
MMT MMT -- derived velocity modelderived velocity model

L5S42L5S40 L5S41 L5S45L5S43 L5S46L5S44

MMT BOUNDARIES
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GOM dataGOM data
3D 3D PreSDMPreSDM from MMT from MMT -- derived velocity modelderived velocity model

L5S42L5S40 L5S41 L5S45L5S43 L5S46L5S44
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SummarySummary

•• All case histories successfulAll case histories successful
–– Helped to improve seismic dataHelped to improve seismic data
–– Gave additional valueGave additional value

•• Technology aligned with seismicTechnology aligned with seismic
– Acquisition
– Processing
– Interpretation
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