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Multicomponent seismic sensing:
What else can it tell us?

Robert R. Stewart
Allied Geophysical Lab
University of Houston

June 3, 2014

Active uses of passive seismic data



Multicomponent (3C and 4C) seismic is
a superset of the conventional (1C)
seismic method ... Or multicomponent
seismic contains all traditional seismic
and much more!

Thus, there are many new challenges
with beckoning rewards ...



What can 3- or 4-component
seismic recordings provide us?

The complete seismic wavefield (P, S, R, L, ...)
— Fully capture P, multiples & multimodes

Enhanced noise characterization & removal

Better images & estimations of lithology, density,
porosity, fractures

Improved source location & type > Reservoir
volumes

Full wavefield inversion (doing elastic modeling
anyway ...)



3-C geophones (coil/analogue, MEMS/digital)

Sercel’s
DSU3 428
system

INOVA'’s VectorSeis
ML-21 3C sensor




Sensor
package

(VSI - Schlumberger, 2010)
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Ocean-bottom cables




Using other wavetypes: Mirror imaging with multiples

“Conventional” imaging
Up-going

“Mirror” imaging
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Leiceaga et al. (2010) — Improved density
estimation via inversion of PP and PS data in a
clastic section, Albacora field, offshore Brazil

PP and PS
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Vp/Vs vs density
Meadow Creek oil sands (Xu, 2007)
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Two key sensing advancements!

* Nodes (autonomous) * Fibre-optics (axial)
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Borehole Seismic Survey Concept DAS SenS|t|V|ty BOrehOle
seismic survey
i geometries & terminolog
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Experiment No: 1

Plexiglas and Aluminum

e 2-layers (Plexiglas and Aluminum) * 1-layer sandstone real rock
e 21 receivers: 17 surface, 4 well side ¢ 62 receivers: 54 surface, 8 well-side
* Source placed underneath the block

® Source placed underneath the rock
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3C Seismogram

Vertical Component
Horizontal-1 Component
Horizontal-2 Component
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Step 2: Scan through each point

For each possible source location, the

z Receivers
following are computed: |

Actual Source Location
[ ]

: : ¢ Potential Source Locations
Traveltime residual

« Amplitude/Traveltime residual ratio

Depth (

1000~

1200

1400~

Easting (Meters)

Northing (Meters)



Experimental Results

Approach Relative Approach Relative
Error (%) Error (%)
P-wave & All Receivers 0.80 S-wave & All Receivers 0.83
P-wave & Only Surface 1.15 S-wave & Only Surface 0.94
Approach Relative Error
(%)
P and S-waves & All Receivers 0.58
P and S-waves & Only Surface 0.75
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S-Wave Radiation Pattern Contour Map

Test 1: Source parallel to y-Axis
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Using elastic waves:
Understanding & processing ground roll reflections

&« Time(ms)

Plexiglas Aluminum
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Processing ground roll as a VSP

Raw data Downgoing
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Premium Outlet Mall|

SE Distance (m) S-wave Velocity (m/s)
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Summary

Multicomponent seismic method includes all
conventional seismic

Improved imaging and lithology with 3C/4C

Nodes and DAS provide great promise for
elastic waves

Including 3C/4C analysis can assist passive
applications




Thank you for your interest...




Limitations, issues, & ™. =
problems to solve
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* Expense (newer & more equipment, more
channels; longer & more detailed processing)

« Expertise (complex processing, more
sophisticated interpretation)

* Technical matters (lower frequency content,
more noise, anisotropic effects)
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Concept of 3D time-lapse PP & PS inversion

1 P-P time lapse data

d ppo> A, d — Gm

dPPO6 =4

a2

d psoe 0 B B

Observation
Data

Forward Modeling Operator

Model Parameters

This process is repeated at each time step for angle-dependent amplitude data



Temperature (*C)
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Time-lapse 3C-2D results: Cold
Lake, AB (Isaacs,1996)

280
Inline

Lab & field (3C-4D inversion)

results — Fort McMurray oil sands
(Kato et al., 2008; Kato & Stewart, 2011)




The Role of More Complete Imaging

Would you have knee surgery without
multicomponent medical imaging?

X-ray 2D projection

MRI 3D image



Advances In acquisition & processing

Channel Count Doubles Every 3% Years o T o putar power
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GR DEN Vp PP synthetic PP seismic 0-offset VSP
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PP time thickness RushlLake-IHACM PS time thickness RushlLake-IHACM

rosslk3d3c_migration_v r Ke: rosslk3d3c_migration_h1
Event Time Structure of Timethickness_IHA2RushLk ksochron between IHACM_PS_sm_dn20and RshLake_PS_sm

Map of average Vp/Vs . |
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Elastic property modeling of gas shales
(Zhu et al., 2010)

TOC (wt) TOC (wt)

P impedance (g/cc*km/s) P impedance (g/cc*km/s)

 Quartz-dominated e (Calcite-dominated




PP-PS Joint AVO Inversion

Gpp Gps-squeezed

2451CDP

oA

AVO Attributes

Inversion Results

HINERRREREL ﬂll.l.
15 20 32 ; l16km/s 18

Dariu et al., 2003
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Shot z-coordinate is given by its "Elevation" attribute.

Receiver z-coordinate is given by its "Elevation" aftribute.

3D view of shot and receiver locations
Receivers are deployed at 250 m deep from sea surface. Depth of target is 2000 m.
Maximum radius of shot rings is 2000 m.
Minimum radius of shot rings is 100 m.




What could the future hold?
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“With a trillion sensors embedded in the environment — all connected by e T, X " / T
computing systems, software and services — it will be possible to hear the L AT T
heartbeat of the Earth, impacting human interaction with the globe as e )
profoundly as the Internet has revolutionized communication,” said Peter ”(" @S ¢
Hartwell, senior researcher, HP Labs a




Geophysics and the oil & gas industry %

Geophysics for exploitation: New paradigm — engineers as customers
Requires new technology and workflows » Turnaround in days not months
* Reservoir properties in depth, with
§ = unconventiona quantitative measurements including
uncertainties

B Natural gas liquids

New workflows

Convergence of processing and
interpretation, e.g. pre-stack

Convergence of imaging and inversion
Azimuthal seismic data

W Oil: Exploration

W Oil: Existing .
New technologies
1990 1985 2000 2005 2010' 2015 2020 2025 2030 2035 . Complete integration of geo hvsical
Today measurements (seismic, weﬁ, EM,

gratvity) and engineering and production
ata

. . , . » Translation of geophysical
geophysicist, I've forgotten the question. measurements to geological and

Dr. Nansen Saleri, formerly Head of Reservoir Management, Saudi Aramco geomechanica| properties
* Quantifying uncertainty

“By the time | get an answer from a

R. Ackermann, RSI, talk at UH October, 2012




Elastic property modeling of gas shales
(Zhu et al., 2010)

TOC (wt) TOC (wt)

P impedance (g/cc*km/s) P impedance (g/cc*km/s)

 Quartz-dominated e (Calcite-dominated




Summary

Basic converted-wave (P-to-S) exploration method established

Many advancements in field, processing, and interpretation
methods and facility

Still room for improvement in: acquisition quality & costs,
processing sophistication, interpretive understanding &
application

A number of successful lithology examples (e.g., sand/shale)
and imaging cases (gas, fractures, faults)

Consider PS imaging for a more complete subsurface picture of
rocks and resources!



Quickie quiz: Define the interval of greatest hydrocarbon interest:
Hints - GR; SP; P/S crossover; porosity; resistivity

(x=0.00m, y=0.00m) Elevation: kh=0m, surface=0m, SRD: Om (same as surface)

Gamma Ray 1 *S-wave_math Neutron Porosity 1
0 APl 150 280  usift 80 fraction -0.15

Caliper 1 SP_1 *P-wave_math *Density 1 Resistivity 2
25 cm 45 0 my 90 140  wusift 40 195 glcc 295 0.2 ohm-ft 200
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Nandesan Detail of Sand Zone

VP/VVS 1. 5in 4 sands, 2 elsewhere
40 Hz. Ricker wavelet

SYNTH P-P and P-S synthetic seismogram facility
P-P gather with NIM1O removed

SYNTH P-P and P-S synthetic seismogram facility
P-S gather with NIMIO removed
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Summary of hydrocarbon volume results

CDFs obtained from our calculations

12,000,000

¢ 2nd 2011 - MC

= 1st method 2011l
® Encana 2000

volume (bbl)

= T-5 2000

4,000,000

OOIP from
o Accumap 2011 =
5.5million barrels

80 70 60 50 40 30
reverse cumulative probability




Well OBS 81 synthetic seismogram of cracked rock
(2 sets of crack, 1% crack porosity)
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Q vs. Vp/Vs

Attenuation as a rock property, fluid indicator

Qp vs VpNs

Qs vs Vp/Vs

“Qp= 110 28 Z*Vp/Vs

Qp vs. Vp/Vs Qs vs. Vp/Vs



2nd Method of estimation of uncertainty in OV

Monte Carlo approach

« OV =thickness x %sand x ¢ x (1-S,,) x
Area

10,000 simulations

4 CDF

bbl Py, = 5,033,000 bbl
P.o =12494,000 bbl




