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Formation Evaluation — Well Logs
- Logs processing and interpretation
-TOC prediction
- Image log interpretation
- Stress analysis
- Analysis of elastic parameters
- Rock physics

\}

Reservoir Modeling

- Well-Seismic Integration

- Brittleness, pore pressure
- Fracture compliance

- In situ Principal Stress

{Well-to-seismic tie

~
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Processing workshop: general workflow

Seismic Imaging and Analysis

- AVO-friendly processing in time

- Structural Model Interpretation

- FAZ depth imaging with ES360

- AVA / AVAZ Analysis

- Simultaneous Inversion (Vp, Vs, p)
- Elastic Analysis (o, E, A, 1)

- Fracture density and orientation

Microseismic Monitoring

-Induced fracture orientation
- Induced fracture density
- Identification of frac-resistant bodies

<4mmmm Seismic Imaging

Final 3D Geomechanics Model

Fracture — Pressure - Stress
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Processing workshop: FAZ seismic imaging workflow

Iterative update
of VTI model

Full Azim. RMOZ
Inversion & Stack

Full Azimuth
AVAZ Inversion

ES360 Imager = 3D full azimuth angle
domain pre-stack depth migration

Final Products

\/

Dip, Azimuth
3D Full Azimuth Volumes
Directional Angle

Gathers
/ lllumination Gathers / Diffraction Stacks
Specular
Stacks
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Processing workshop: details of the Full Azimuth in Angle domain

D AZIMUTH ANGLE

Information from 3D gathers
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CRP gather in 3D

$360 — FAZ anisotropic seismic in depth-angle:
S trace interpolation in angle-depth domain

3D analysis of the migrated gathers
complex-shape events can be flattened

N NN

It

Kirchhoff (20 traces) = CRAM (20 traces) ES360 Imager (3000 traces)
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Processing workshop: details of the Full Azimuth in Angle domain

i ) ES360: corrections for overburden
(/r/ seismic ray built into raytracing through rock model

(e E, — 7 ., |seismic 1. spatial trace regularization
,— | reflector 2. correction for illumination
\"“a. local system 3. kinematic VTI / HTI flattening of events
‘.~ 1 .|ofcoordinates | 4. non-stretch NMO
Sl ,"_‘ e ‘\_.\.."‘ . . . .
g ;D LAD: (6, ¢, z) 5. correction for spherical divergence
- : (] . . .
. 6. Q-compensation within PreSDM
[ > 7. correction for transmission phenomena

macrovoxels

of the model The multiattribute model enables to flatten events, and reconstruct

amplitudes related to geology
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Processing workshop: specific ray tracing in Angle domain

Kirchhoff: raytracing for individual offsets
ES360: raytracing for individual angle and azimuth

Source Point -

1000

\ Kirchhoff

A — PreSTM B — PreSDM in LAD Uniform
illumination
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Processing workshop: Full Azimuth Tomography for model building

Surface azimuth vS. Depth-Variant azimuth

surface

. Top
h
aZ|mu\t‘ view
i
d

epth-variant
azimuth

Ray path in HTI rocks

+ ]| 0%

To uncover geology-related geomechanical
properties of the target interval, the FAZ model
building is focused on estimation and removal
(via ES360 migration) of the overburden

properties, including isotropic model then VTI
and HTI anisotropy.

A 4%
Vel. difference map: (FAZ tomo) — (AZIM-blind tomo)

BOGOTA
SYMPOSIUM

Soptember



Processing workshop: effective to interval conversion in LAD

Effective Interval Full azimuth

parameters parameters Maps of anisotropy intensity

MG effective interval
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- QC: Event’s flattening in migrated gathers

- Residual Moveouts are input to FAZ Tomography
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Composite map of the final results
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Map of azimuthal anisotropy
(A) from simultaneous
inversion (B).

Sweet spots can be seen.

C —illumination map for target
horizon, real acquisition
geometry. Black are source
points, and red marks
receivers.
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A given subsurface location renders
different images when seen from
different directions.

It becomes azimuthal interpretation
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Further developments: imaging in overthrust areas

1. Dedicated FAZ migration for a given line + on-the-fly-sectorized interpretation

Recent practice reveals that mixed azimuthal components of 3D can degrade image of geology

2. Inverse Q built-into ES360
3. Improvements in shallow model building at the initial stage

4. Upgrades in reconstruction of geology-related amplide.
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Conclusions

- characteristics of shale plays vary laterally and with angles — advanced software needed
- FAZ seismic predictions are compatible with borehole measurements

- estimated relationships between core data, well logs, and full-azimuth seismic
provide good input to reservoir modeling

- rich-azimuth seismic technology brings added value also to prospection for conventional
resources when geology is complicated, e.g. in thrust areas

- 3D seismic with FAZ technology brought breakthrough in imaging subsurface
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Slice of core with
NN natural fractures
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Sample direct images of fractures recorded with XRMI imager Acoustic anisotropy
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Formation evaluation

Shear Modulus
Bulk Modulus
Young Modulus
Poisson Ratio

FORMATION
CORRELATION LOGS INTERPRETATION
(STANDARD LOGS)

FORMATION
INTERPRETATION
(GEM)

WAVESONIC
(WAVEFORMS)
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Sample of the final results of litho-facial analysis based on standard GEM tool
measurements ( 3 left panels), and from cross-dipole sonic tool (2 right panels)
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Seismic Interpretation
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