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3C VSP orientation is commonly performed using the direct P-wave from an
OVSP, assuming that the single direct P wave arrival is linearly polarized in the
vertical plane of propagation containing source and receiver point positions
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The direct ray arrival P is assumed to lye in the vertical
plane containing the source and receiver positions, in
vertical or deviated borehole. The particle motion
(polarization) of the P wave first arrival recorded by the
3C downhole receiver is linear, along a spatial
direction which does not differ notably from the actual
ray propagation direction in a anisotropic medium ( ref
S. Crampin ). The above orientation works correctly as
long as the first P-wave arrival propagation direction
makes an angle of at least 5° with the borehole axis at
receiver depth. Thus, when no orientation device is
present on the VSP tool, orienting the downhole
3C receivers often requires recording an extra
Offset-VSP in the same run as the Z-VSP...




Limitation of 3C VSP orientation using the direct P-wave from an OVSP
P1 and P2 are two distinct P wave arrivals linearly polarized,
traveling from surface source to downhole receiver with distinct raypaths
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Direct ray arrivals P1 and P2 propagate at nearly the
same travel time, and are received from different
azimuths in the horizontal plane, and with different
inclination in the vertical plane, so that an interfered
elliptical mixed particle motion is recorded by the 3C
seismic downhole seismic receiver (P1 and P2 signals
are naturally added and superimposed).

Therefore it cannot be assumed that there is a
unique linear direct P-wave arrival lying in the
Source-to-receiver vertical plane, in order to derive
the orientation of horizontal components of the 3C
downhole receiver.

An orientation device on the VSP tool is desired.




SOULTZ well GPK1: this VSP case study demonstrates the high desirability for an orientation
hardware device to be combined with the downhole VSP tool.

S-wave Zero-Offset VSP’s ( ZVSP) have been recorded in a near vertical well GPK-1, with a single
level VSP tool with good vector fidelity, with an azimuthal S- wave anisotropy objective.

An Offset-VSP source is used for VSP tool orientation of Z-VSP recorded in same run. The offset
distance was considered sufficient to apply the common orientation procedure by maximizing the
direct P-wave at pre-processing stage.

Results:

- Highly defective orientation is observed in the deep geothermal interval targeted in the granite
basement, which rendered the data unusable for the initial S-wave study purpose.

- Aremediation processing procedure was tested with success, using a criterion of particle
motion coherence level to level (ref: US patent # 2012_0046871A1), however not fully accurate
(5° jitter + about 10° azimuth regular drift versus depth).

- An azimuthal calibration using a hardware orientation device combined with the downhole VSP
tool is desirable for quicker and more reliable VSP component orientation at preprocessing.

- Reflection processing of oriented 3 Component data shows reliable P-S events on Z component
only, CONFIRMING the presence of tilted-faulted compartments in the borehole vicinity,
generating direct arrival multipath interferences.

- One of the P-S converted seismic reflection occurs on a major highly dipping permeable fault
intersecting the borehole at MD-3490m

- P-Sreflection combined with P-wave refraction enable to determine fault sip and strike using a
single oriented 3C VSP in favourable conditions.

Authors: A. Gérard T, Soultz GEIE, A. Genter, ES-G, JJ. Chameau, CGG, J. Bruneau, IFPEN,
C. Naville, IFPEN
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SOULTZ well GPK1, May 1993 VSP campaign. An O-VSP source
IS used for VSP tool orientation of Z-VSP recorded in same run.

Well GPK-1, RUN1,
4 vibrators activated successively
at each downhole sensor position

Z-VSP (A3):

131m from well head , N170°E
Vertical vibrator +

2 Horizontal vibrators in A2
oriented ( S-N) and (E-W)

O-VSP (position C3):
490m from well head , N135°E
Vertical vibrator in offset position

for downhole VSP tool orientation.

Min. ray inclination: 6° @ 3480m
Max. ray inclination: 9° @ 2700m

Hole GPK-1, Vertical Inclination
7° @ 2700m, < 4° below 2870m

Observations:
GPK-1 hole nearly vertical in the VSP interval.

O-VSP (C3-runl): P-wave arrival used for downhole VSP
tool orientation looks interfered below 3340m depth,
with VERY LOW energy on horizontal components...

As a result, the Horizontal components of the S-wave
VSP’s A2-runl and of the P-wave VSP A3-runl look
incorrectly oriented in the same interval 3360-3480m

A SUCCESSFUL orientation remediation test was carried
out by IFPEN in 2009, using the coherency of the
Downgoing S-wavetrain , to correct the azimuthal
rotation angles where needed. (patent FR2942547...,
now public)

Conclusion: A slightly interfered O-VSP P-wave direct
ray arriving at 7-9° vertical angle with well axis was
inadequate for a correct orientation of the VSP tool.
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Well GPK-1, RUN1,

« 2vertical vibrators in A3,C3
+ 2 horizontal vibrators in A2
activated successively

at each downhole sensor position
* Singlelevel downhole VSP tool
mounted with Fix 3C geophones

Z-VVSP (A3):

131m from well head , N170°E
Vertical vibrator +

2 horizontal vibrators in A2
oriented ( S-N) and (E-W)

O-VSP (C3):

490m from well head , N135°E
Vertical vibrator for

downhole VSP tool orientation.
Min. ray inclination: 6° @ 3480m
Max. ray inclination: 9° @ 2700m

Hole GPK-1, Vertical Inclination
7° @ 2700m, < 4° below 2970m

SOULTZ, well GPK1,
1993 VSP Runl
Geometry,

SCALE 1:1

Vertical projection
In azimuth N170° E

GPK1
well head

A3

Logged ——
interval

Projection
azimuth N170° E



Sketch of FIX 3C arrangement and POLARITIES in Geolock- S analog VSP
tools used for the 1993 VSP operation in Soultz , simultaneously
in GPK-1 and EPS-1 boreholes ( single level VSP tool in each borehole)

Sketch of 3C VSP signal vectors in geographical system for delivery.
by JJ. Chameau, field operation supervisor and preprocessing operator.

Raw VSP data output from the field : VSP data Pre-processed by CGG

3 Components Before orientation 3 Components After orientation
Acquired in SEG-B format Delivered in SEG-Y format

Uncorrelated Unit records Edited, stacked, correlated, oriented

Z-tool-up : VSP data Z=True

CGG- SERCEL : : _
well axis Vertical-up :

VSP tools

o [

/ X-tool / Y = H-North
Y-tool : direction of X = H-East
arm opening




Soultz GPK-1 well - VSP A2 runl — S Source (E-W)
Three components Z-X-Y and modulus before reorientation

Gain 25
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Soultz GPK-1 well - VSP A2 runl — S Source (E-W)
Three components Z-X-Y and modulus after re-orientation

Z component

Hr component ( ~ West )

Gain 25

Ht component ( ~ South)
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Tube-tube ( Stoneley guided wave) reflection on a permeable fault (?) intersecting the wellbore at 3400m MD

Coherent re-oriented VSP levels (X,Y)

Secondary S wave




Soultz GPK-1 well — Location map; May 1993 VSP campaign
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Soultz GPK-1 well - VSP A2 runl— S source (S-N)
Three components Z-X-Y and modulus before reorientation
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Soultz GPK-1 well - VSP A2 runl— S source (S-N)
Three components Z-X-Y and modulus after re-orientation

Gain 40
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Higher velocity arrival through
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Coherent re-oriented VSP levels (X,Y)




Azimuthal corrections angles independently determined
from E-W and N-S Shear VSP datasets recorded in same run

Main azimuth correction

, incorrect by nearly 35° over the deep 3360-3480m interval

\: 200
’/N\f\’/\ HV*AM- 150 8
a)
E-W horizontal vibrator; azimuth jitter correction 100 E
0) S
LéJ 50 | »
2 MD depth (m) S
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3 I Abnormal value due to a noisy VSP level
200 -400

I The azimuth difference curve shows a small gradual drift of 10° over 800m, +/-5° jitter dispersion




Conclusions on the S-wave Z-VSP recorded in GPK1 from position A2

The jitter orientation/rotation adjustments performed on the direct S wavetrain
independently from the source polarizations S-N and E-W , using a maximization
process of the polarized energy in a short window along a S wave time pick on the
modulus (trough or peak), shows a precision of about 5 degrees for the correction
angle of azimuthal orientation; an additional slow rotation trend of about 10 degrees
remains over the 700m deep basement VSP logged interval ( previous slide),

This applied orientation process definitely improves the initial orientation results using
the direct P-wave Offset VSP's recorded in the same run as the Zero offset S-wave
VSP's; although with a too short offset . As the S-wave data is rendered more
accurately oriented prior to VSP processing operations, the quality of processed
results would subsequently be improved.

Nevertheless, a magnetometer mounted on the VSP tool would definitely simplify and
speed up the orientation preprocessing operations, for industrial or academic VSP’s .

If present, the velocity anisotropy of the direct S wave does not exceeds 1.5% in the
present case study, with fast S wave polarized nearly parallel to a known S-N fault.
Two high amplitude secondary S wave arrivals have been clearly identified within a
short time delay after the direct arrival and with higher apparent velocities, due to the
presence of fault in the well vicinity.

NO S-S reflected arrivals can be detected after downgoing S-wave filter removal, in
spite of the imperfect orientation of horizontal components using a P-wave OVSP.
Only P-S converted reflections are observed, mainly on the vertical component.



S-VSP Source A2
GPK]‘ P-VSP Source A3

Soultz GPK-1 well

Proposed Sketch
for S-wave propagation W E

in the interval 2700m - 3480m ﬂ

( Hints of interfered P and S wave
Direct arrivals are apparent )

F Aulte
d Top basement 14
00m

First downgoing Direct S-wave,
= in first arrival, polarised S-N,
near vertical propagation

Secondary S-wave 1, 30ms delay,
- With slightly higher velocity than Direct S,
near vertical propagation )




WELL : GPK-1

s GPK-1: O-VSP C3-Runl used for orientation of Z-VSPs; Vertical vibrator
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DISPLAY — Z DISPLAY — X DISPLAY — Y

o~ [ LY - I L - 3
o V] @ o o o o =3
=] =] o [=] =] (=] ] < MEASURED DEFPTH
o BELOW RL

08O
— 070882
0'08
[s]4]
— 07 08¢¢
o2l
— 080
— [s1:1-74
— 0 088Z
08LZ
00LZ
og
08O
0B6&Z
0 0882
08LZ

- 00808

° )

& G

@ @

g a
| I

=] o [} s} (] o s]
|

‘ ’ Il oriented VSP levels ( X}Y)

i
J ‘I" '\_‘
S /
I 'It“—v,i
F—|
|
]
I
At

ﬁ ’%ﬁs“t

*-jbi’ \)}i HE (i . l‘.-}i’:"h ?2 E-P e

The deep VSP levels are |ncorrectly oriented on (X,Y) components

due to the interfered Direct P-arrival;

Signs of interference are clear on the vertical Z- component. The interference
IS NOT due to any gradual variation of the vibrator source signal level to level.

EXPLANATION: The seismic propagation follows multiple distinct paths
through several adjacent faulted t|Ited ‘compartments W|th|n the basement




Soultz GPK-1 well — Location map; May 1993 VSP campaign
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GPK-1: ZVSP A3-Runl, Vertical vibrator; raw data orientated with O-VSP C3-runl

AW DA
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| Here, the refracted arrival azimuth is normal to the fault strike, downdip.

| polarization direction of P-wave refraction along the fault surface...

The deep VSP levels are incorrectly oriented on (X,Y) components
No interference clearly observable on the direct P-arrival / Vertical Z - component.

A direct P - wave secondary arrival CLEARLY appears on Horizontal component
(X-East ), related to a refracted along the fault surface crossing the well at
3490m, confirmed by a well defined seismic P-S reflection and many logs.

More generally, the approximate propagation plane includes the source, receiver and
reflection positions, the polarization direction of P-S converted reflections and the




GPK-1: ZVSP A3-Runl, Vertical vibrator; 3C upgoing wavefield, non deconvolved
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Ugoing 3C VSP wavefield in same raw VSP time as on previous slide (raw 3C data).
Isotropic 3C VSP processing by Martin COX, VSFUSION-UK




SELECTIVE reflection imaging of highly dipping permeable fault in CONVERTED P-S
MODE ONLY, using oriented three component Vertical seismic Profiling (VSP).
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ADDENDUM IN FOLLOWING SLIDES:

Overview of OVSP 3C data, raw data and reflected wavefield
from point B (run3) and point D (run4).

All displays in CONSTANT GAIN , identical gain on the 3C
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Soultz GPK-1 well — Location map; May 1993 VSP campaign
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GPK-1: OVSP B2- Run3, Vertical vibrator;
Upgoing 3C wavefield oriented by maximization of direct P-wave
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GPK-1: OVSP B1- Run3, Horizontal vibrator E-W
Upgoing data, defective where the orientation is inconsistent
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GPK-1: OVSP B1- Run3, Horizontal vibrator N-S
e omey Upgoing data, defective where the orientation is inconsistent
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Soultz GPK-1 well — Location map; May 1993 VSP campaign
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GPK-1: OVSP D1- Run4, Vertical vibrator;

raw data oriented by maximization of direct P-wave arrival
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GPK-1: OVSP D2- Run4, Horizontal vibrator E-W
raw data oriented from direct P-wave OVSP-D1
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GPK-1: OVSP D2- Run4, Horizontal vibrator N-S
raw data oriented from direct P-wave OVSP-D1
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GPK-1: OVSP D1- Run4, Vertical vibrator;
. Upgoing 3C wavefield oriented by maximization of direct P-wave
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GPK-1: OVSP B2- Run3, Vertical vibrator;
Upgoing 3C wavefield oriented by maximization of direct P-wave
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GPK-1: OVSP D2- Run4, Horizontal vibrator E-W
Upgoing data, defective where the orientation is inconsistent
Direct S-wave residuals are due to remaining orientation angle jitter

“n

R ] “
sﬁ%ﬁ

% >
-ﬂ

11"

E&-« ‘"‘12

n Z component X component (East) ‘ Y component (North)
u Good S-S reflection on faults are observed
R where the orientation is correct
. i3 S
. st RS IR
r iy J3es s VH I gt TS A IR 84
: ﬁ i | )};';;:}»{sl }a:)|};?f:ﬁi¥?fﬁ?ﬁﬁ’> {-;)!;:Ei|};!f?f,u{<?_,'{})’%..},. | rﬁ%g
s :"' el G e i
e %1";‘55 Wwﬂ“}‘?f RSt ith ;,;%\'({H :%'}3&}5»’ J%}i&ﬂ%{, .-.?%;.}i
X ‘ »o TN ¢ }} e i, | ){% %; 1l
.1)5‘5’35"i it M'M} il %m{k il
o 2" e e U2l g 210411 VIHXNSRE D RS TE |
fﬁﬁi&g&& s S LR
»e S ~ w3 N I' ; / i }
ﬁd@ﬁéizﬁ‘!% S35 b
R ‘ *’mﬁ S "
a{- 4RI >

s 15:
e 3’ L4t
‘24::

| Py Bl

AR 'Jvl

ﬁ!ﬁ%ﬁ".



GPK-1: OVSP D2- Run4, Horizontal vibrator N-S
e o Upgoing data, defective where the orientation is inconsistent
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