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¢ Single Well Seismic

e Other methods:

Electromagnetics
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¢ Single Well Seismic
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Single-Well Seismic Imaging: issues

e Source of Illumination
Bandwidth versus depth (I)
Tube waves
Multi-component

e Data Acquisition
Aperture
Directional receivers

Dynamic Range,24 bit
versus 16 bit

Ease of deployment
Real-time

® Processing & Interpretation
True 3-D migration
Forward/Inverse Problems

e Verification & Ground Truth

Applications to real problems
Industrial cooperation




Associated Single Well Seismic activities

e Field testing of sources & receivers

Texaco air gun P/GST axial vibrator
Conoco orbital Conoco 5 level
Exxon piezoelectric Exxon/Oyo 5 level
Tomoseis piezoelectric Conoco hydrophone

e Axial vibrator crosswell tests

e Data processing/evaluation

Source/Receiver strength/signal-to-noise comparison
Processed (migrated) crosswell image of air gun data
Initial analysis of data for reflected energy

¢ Field test of Oyo packer clamping systems with Oyo sources

e Leveraged with over $3 Million of associated work




Bayou Choctau sketch
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Final Model
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B.C. Tests 1999
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Large scale SWS example
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SWS results

e Multi-element system for testing of single-well seismic
scenarios

e A comprehensive unique data set

e Full wave 3-D elastic code to model results

® Source terms, borehole effects & far field (geologic
heterogeneity) can be included.

e Critical system interactions identified
(Tube waves still a critical issue)

e NEXT: Integration with other methods
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e Other methods:
Electromagnetics




Single well EM tools

Very limited commercial success:

e Deep resistivity for many years (ULSEL - sLB)
e Deep induction in 80s (MPT)

e Specialty tools (EMI: MAIL & SCIL)
NEEDED

® 9 component integrated tool
(deviated wells)




FD log example
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Time domain difficulties
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e Other methods:

Gravity




Traditional oil & gas production
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BHGM densities for 3 years
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e Other methods:

Synergies




Example of Syner

EM methods combined EM constraint by seismic

el nrting xnodel i left starting model right starting model

electric field and magnetic field electric field and magaetic held
.8 AL L L L AL LA AL AL L0 L L L LA L

magnetic field and magnetotellurics km magnetic field and magnetotellurics _ magnetic field and magnetotellurics  k magnetic field and magnetotellurics
T} Tir

electric field and magnetotellurics electric field and magnetotellurics_

IGMESIn £2190 IGMKdin 82290
10 15 i 5 '

Profile length »—> Profile length »—>

KMS990009k After Strack, 1992




_ n 4, ﬁ_
8 .ﬁ. ._
(w) wideq

f ,ﬂ___m___ﬂ__”____m_m_m“________w .

__%,_5 i g__,ﬂ_mmﬁ_:_

oomv 0005 oorm oomm 00ES 00¥S  00SS 0095

(1) wdeq

L S
i

MR ,J,..._w_.____ ___

Transit time (us/ft)
Veloctty Iog vs.
Pseudovelocity log

Electric log

-
@)
—
e
(¢D)
| -
-
@)
(&)
(¢}
S
)
=
(qe]
(€D
LL

AVO calibration

-
2
-
L=,

[\

-

-

O

O
>3
w

I
)
S
S

Q
p)

After Strack & Vozoff, 1996

¢ Logs often correlate

¢ Pseudo logs used
® Res. Logs used for
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Future tasks




Single well methods status

e Seismic cross well commercia

e Seismic single well commercial trial

e EM cross well commercial trial

e EM single well FDEM: experimental
TDEM: research

¢ Borehole gravity Big: commercial
Small: research




Outlook: Single well geophysics

Seismic:
Tube wave modeled & properly acquired, not solved yet
Complex survey modeling

Electromagnetics:
Limited commercialization FEM
Develop TEM & demonstrate

Gravity: smaller sensor (360°, high temperature)

Integrate system seismic + other methods




Summary

e Single well seismic is being applied!
Some issue remain
e Benefits of other techniques limited

¢ Methods now need to be integrated with
seismic system

® Primary challenges will be true joint
acquisition, as well as inversion
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