Hi-Res, Low Cost VSP Imaging
Technology for Long Term
Monitoring

E.L. Majer and T. M. Daley: LBNL
J.H.Queen: HI-Q Geophysical
J. Thompson: LANL
R. Long: USDOE/NETL



Crosscutting Roadblocks to Increased
Success of Fluid Imaging

e Basic Need

— Increase recovery rate from existing reservoirs (from current
average of 35% to 70%)

— Monitor containment of fluids

e Fundamental Obstacles

— Lack of data on the the distribution of rock and fluid properties.
o Porosity, permeability, Lithelogy and structure
o Liguid; gas, eil, water content andi ratio, ete.

— Dynamic response of reservoir components as it is produced
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— Cost Effectiveness
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Critical Advances Needed for
Improved Subsurface Fluid Recovery

e 1. High resolution characterization of fluids
e 2. High resolution of matrix properties in which the
fluid resides

e 3. Physical , Chemical and biological methods for
manipulation of fluids

e All three require improved subsurface access
(microholes) and Instrumentation*




Requirements and Advantages of High
Resolution Seismic Imaging of Reservoirs

Seismic Methods

— Long history and experience in industry

— Developed rock-physics models

— Can leverage current processing and instrumentation technology
— Ability to measure and separate rock and fluid properties

— Can measure at multiple scales
Optimal Seismic Data Needs

— Wide band ( hertz to kilohertz) high resolution data

— Large dynamic range ( low level to high energy sources)

— Short and long term monitoring ( repeatability and stability of
amplitude and velocity measurements)

— True 3-d Spatial coverage

— Time Lapse

— Multi-component

All requirements: can be met with microhoele technology!
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Crosswell versus Surface seismic
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Permeability Estimates
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Frio VSP and Crosswell
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VSP Results
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Seismic P-wave and Pulsed Neutron Logs
Injection Monitor
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Weyburn Crosswell Seismic Acquisition




Commercial Multi-level VSP

Rig rental

Support vehicles
5” or larger well

.'{',;-;':7 = 1-2 days to place in well

1 day to remove



Goal of Microhole Seismic methods

 Active Seismic
— Define fine scale structure and lithology controlling fluid flow and
content
» Fracture flow versus matrix flow

 Fault locations, bedding, pinch outs, compartment size and geometry,
etc.

— Discriminate fluid type and content in near and long term
» Oil/water/gas interface
s COZ, steam, water drive efficiency,, etc

— Cost effective!!!

e Passive Seismic
— Low cost means to monitor dynamics of reservoir as fluid is
produced and/or injected
o Hydrolracture creation

o |nteracuion N theleng and shoert term) off natural fractures with
IndUCEd fifactures

o Effiect and mteraction o resenvoll: properies with chianging striess
— Provide validation of reserveir manipulation



Los Alamos National Lab Drilling Rig

Micro-Drillrig




Entire VSP Microhole System
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Basis of Imaging Work at RMOTC.:
Establish Potential of Deep VSP Using Microholes
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Examples

e Active Seismic
— RMOTC Microhole VSP
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RMOTC Microhole VSP
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RMOTC Deep VSP using Microholes
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RMOTC VSP compared to Surface seismic
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Passive Seismic Monitorinc
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SE Geysers cross-section showing MEQ's and active injectors, 11/95 - 10/97
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Borehole Seismic Network For Injection
Monitoring

The Seismic Network - Stimulation 2003

3 accelerometers

o Geophone holes
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The History

Upper Reservoir

1987 - 1997

[Deep ReESEVOoIr
106861=- 2008
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2006 Designer Seismic

Microhole Milestones

e 2006

— Complete processing of RMOTC 2005 Data
« Compare and contrast to 3-D surface seismic
— Extend application to commercial sites (Oct - Nov 2006)
« CO2 EOR Projects
— Permian Basin
— Passive monitoring of reservoir between time lapse
EESENERS
o Whiting OIl Eield Active' and Passive (6 Micreholes) Investigate
RAEXt generaton off Instrumentation
— Adapt processing for improved “look ahead” capability (in
progress)
o |mpreved metheds ol Imaging Verucal ieatures i NemMeEENEOUS
geoelogy.



Wickett Field

CO2 Start-Up Area (Phase 1),
Section 19 of GWO Lease




Micro-well Locations (3 ), Final

Footage Calls
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Summary / Observations to Date

e Active seismic

Microhole VSP can look over 5 times hole depth

Resolution ( due to reduced signal to noise) is better than
“conventional” VSP

Makes seismic surveys faster and much cheaper
Less “invasive” on operations

Allows operator to easily customize/change surveys for changing
reservoir conditions and varying reservoir conditions across any.
particular field (“Designer Seismic”)

« Passive Seismic

Critical information on fracture generation, fluid interactions and
fluid paths can be obtained from borehole seismic data

Sensors do not need to be placed at reservoir level

Sensors can be placed away frem surface and in sufficient
azimuthal coverage to eliminate path effects and obtain data for
analysis ofi seurce mechanisms critical to understanding fracture
generation and stress analysis.
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