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Geophysical tools for reservoir monitoring

Geophysical Physical property | Reservoir property
technique measured inferred

4D surface seismic, Changes in amplitude, Fluid saturation,
VSP, X-well seismic arrival time, waveform pressure changes

Microseismic or Rock shear failure w/ Fluid flow pathways
passive seismic stress perturbations flow anisotropy

Borehole & surface Electrical resistivity Saturation 4D changes
EM measurements changes




Borehole seismic (VSP) bridges the gap
between logs & surface seismic

Bore Hole
Seismic
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The Physics behind 4D Seismic

A Rock & fluid
A Rock & fluid

0o

0o

perties change over time

nerties affect compressibility

and shear strength

A Seismic waves deform rocks by compressing

and shearing them

I

Seismic response changes over time




The Physics behind 4D Seismic (cont.)

A Time-lapse seismic response measured by
differences in:

u local wave front amplitude/energy

u wave propagation velocity & travel time

u phase, frequency, impedance,
Z= (density x velocity)

u other physical attributes
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How does 4D seismic work?

A Record seismic data at different times
I What changed? Why?
ASaturation i oil-water displacement, gas
expulsion, CO, Injection
APore pressure i increases at injectors,
decreases at producers
ATemperature i steam front movement

APorosity i pressure depletion



Deployment of Geophysical Monitoring Tools
(Teal South 4D study, GOM)

radio telemetry to rig ocean bottom cable (OBC)

Acquisition /O System Two /
RSR

1/0 Sensor BCS4
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Dormant Acoustic Release
(Pop-up-buoy)

Anchor Anchor l

;

Ebrom et al. (1998) Entralgo and Spitz (2001)



How does 4D seismic work? (cont.)

A Differencing time-lapse datasets tells us about
fluid changes in the reservoir

I Qualitative: Where did the changes take
place?

I Quantitative: What changed exactly, and by
how much?

CGGVeritas



4D selsmic reservoir monitoring

BASE MONITOR
Seismic ‘ Seismic

Difference
Normalize,
Attributes

Measured
Seismic
Change

Fluid saturation

Pressure changes

(Courtesy of Saudi Aramco)
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Dynamic Reservoir Model Building

Production , well Recursive & ';'; E
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4D Seismic Modeling Flow

Earth Model Flow Simulation
I SN
SR m =2
.
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F , vshale, facies... v ﬁ
Ny
Pp, So, Sw, Sqg, Ss, T
4D Seismic
T2 Rock Physics
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4D Modeling/Processing/Inversion

ressure-saturation inversion reservoir .
) ) ) . 4D field data
simulation, history matching

| |

4D reservoir model Modeled 4D data

AClosing the Loopo

Modeled P & S impedances

P & S impedance inversion
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Microseismic monitoring

Well

Monitor
Well

Calibration test

'I; Downhole
. Aray

String shot/ perf shot
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Treatment |

(Courtesy of Aramco)



Microseismic Monitoring Applications

u Estimate large-scale permeability distribution
U Fracture stimulation optimization

A pump rate

A pump pressure,

A well pattern optimization

A intervals for multi-stage frac

U Identify areas of potential wellbore instability



Microseismic Monitoring Applications (cont.)

U Map migration paths in tertiary recovery operations
(steam, CO,) and fluid pressure fronts in real time

U Better understanding of fracture geometry and
connectivity

U Determine if existing fractures are reactivated

U |dentify reservoir compaction zones

U Determine stress orientation



Multidisciplinary Approach for Hydrofarcking

A Depth conversion with 3D Seismic and Velocity volume for:
Geosteering

Well topinformation

A Real time decisions during hydraulic fracturing
Horizons

Well top picks
Microseismidata analysis.

A Sonic derived mechanicaproperties provide insight tothe
correlation betweenlog and seismic scale information.



Multidisciplinary Approach for Hydrofarcking

seismic

well top

horizon

well log
Information




