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Method for vertical-seismic profiling in wells

The invention relates to a new method for vertical seismic
profiling (VSP) in drilled wells, whereby both the seismic
sources and the signal receiving instrument are located in the
well. The intention of the present invention is to perform full
wavefield long wavelength acoustic measurements with the source
in the well.

In vertical seismic profiling (VSP) the procedure today is to
have seismic instruments, such as geophones in the well,
usually clamped to the wall by some type of clamping mechanism.
Geophones are instruments used to measure movements in the
earth. An alternative is to use hydrophones that measures
changes in the pressure field. The acoustic source is located
near or at the surface at some distance from the top of the
well. The techniques used are described for example in:

- Vertical Seismic Profiling, Technique, Applications and Case
Histories (A.H.Balch and M.W.Lee, Reidl Publishing Comp., 1984)
- Vertical Seismic Profiling, Vol 14A og 14B of Handbook of

geophysical Exploration (B.A.Hardage, Geophysical Press, 1985).

Lately one has developed techniques for using several
instruments simultaneously in the well. On the enclosed fig.1
the principle for multi-level measurements is schematically
illustrated.

The VSP measurements are made for several reasons. Two of the
main ones are;

- to measure the seismic velocity close to the well

- to perform structural mapping of the area close to the well.
A main problem is however that the frequency for the seismic
waves that can be utilized is relatively low, a typical upper
limit is 80 Hz. This is caused by unelastic attenuation of the
higher frequencies when the waves are crossing the overlaying
layers. The accuracy and resolution that can be achieved is
thus correspondingly low, both for velocity measurements and
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for mapping of structural contrasts.

The main alternative to VSP measurements is "sonic"-
measurements. Typically one then uses an instrument with the
acoustic source and receivers located in one and the same unit.
The length of this combined unit can be from 1 to 4 m,
sometimes more. The measurements are made by pressure-sensitive
instruments. Much higher frequencies are being used then in
VSP, that is in the kilohertz range. For more practical
details, see:

- A Practical Introduction to Borehole Geophysics (J.Labo,
Society og Explor. Geophysecists, 1986).

The disadvantage with these measurements is primarely that
because one uses waves with frequencies in the kilohertz range
the measurements and thereby the results will be influenced by
the well itself and it is not possible to penetrate a substant-
ial distance into the surrounding structures. Also, it is not
possible to measure and locate structural features, such as
faults close to the well. An exception is microfractures. One
may further have some doubts as to how representative the
velocities measured are for the corresponding measufements by
usual VSP technique. It is still to some extent unclear whether
velocities measured in the kilohertz-range are fully relevant
for frequencies in the range 0-100 Hz; i.e. the seismic range.

The object of the present with this invention is thus to
improve the method used in VSP- measurements in wells such that
one in a relative simple way may achieve an improvement on both
of the above methods; i.e. perform velocity measurements using
relative long wavelengths and at the same time perform
measurement of the whole wavefield , thereby being able to
perform structural mapping of the area close to the well. In

this context close means a few hundredtmeters away from the
well.
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This intention is achieved by a method characterised by the
claims.

The invention is further illustrated by means of the following
description combined with the drawing on which the invention is
schematically illustrated. This illustration does not mean any
limitation of the scope of invention. On the drawing the

figures are showing:

Fig. 1 the principle of using several measure instruments in a
well according to prior art (i.e. conventional VPS),

Fig. 2 the principal geometry of measurement used according to

the invention,

Fig. 3 the principle for registration of pressure and shear
waves along the well profile, according to the invention, and

Fig. 4 and 5 the principle for registration of reflected/
refracted/difracted waves according to the invention.

With the method outlined for this invention one in addition to
geophones with directional sensitivity also will have one or
several acoustic sources in the well. The principal geometry of
the different elements is illustrated on the enclosed fig. 2.
The acoustic sources will either be located just over or under
the recording-instruments. Using a larger arrangement of
instruments one may also have sources in between the different
instruments. The distance between the respective units should
be between 5 and 30 meter, but this is not a fixed value.
Frequencies between 0 and 1000 Hz will be used.

Typical recording-instrument will be the French produced
"Multilock" sonde with three-~component geophones. The equipment
used by RWS consists of one main instrument that 1s 3.9 m long
and has a weight of 102 kg. Under this one has the so called
satellite instruments. The weight of each of these are 33 kg
and they are 1.0 m long. The instrument accepts pressures up to



WO 89/07774 ’ PCT/NO89/00013

4

1200 bar and temperatures up to 180 degrees Celsius. Each
channel will typically be sampled 1000 times per second, thus
one will have 3000 samples from each 3-component set per
second. '

The measurements will be performed through the whole or a large
part of the well. This will be achieved by moving the whole
arrangement when the measurement at one level is finished, and
then repeat the shooting - measurement procedure.

To some extent this arrangement may be considered equivalent to
the arrangement used in marine seismic, except that one has 3-
component instruments. Thus one aspect of the invention is that
one will perform a seismic survey with azimuthal sensitivity in
the well. The geometrical considerations valid for such surveys
are thus relevant here.

By utilizing this invention one will achieve:

a) A registration of pressure (P) and shear waves (S) that
have travelled along the well profile. This will be registered
in the frequency range from 0 to 1000 Hz. An illustration is
shown on fig. 3. One will thus measure the velocities of the
‘seismic waves, in particular pressure and shear waves, along
the well profile in a frequency range that one previously has
not been able to measure.

b) One will register waves that are reflected/refracted/
difracted because of structural contrasts close to the well.
This could be faults or interfaces, including those crossing
the well profile. This is illustrated in fig. 4 and 5.

In order to map such structures as illustrated in fig 5, one
will have to orientate the instruments, i.e. one has to know in
which direction the different instrument-components are
pointing. This can be achieved in two different ways. Either by
utilizing a gyro instrument hanging under one or several of the
3-component instruments. Or alternatively by utilizing the
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signals from a known source at the surface ,see
US-PS-2 036 824.

In order to utilize the acquired data in an optimal fashion one
will have to distinguish between different wave modes and
between different arrival-directions (in the vertical- and
horizontal plane). To do this, one will exploite the fact that
one has several instruments simultaneously, i1.e. a seismic
array, and that all of these are 3-component instrument where
the orientation can be known. This type of processing has
become established theory lately. References are for example

- Cliet og Dubesset (Three component recordings: Interest for
land seismic source study, Geophysics, Vol 52, Aug. 1987, 1048-
1059),

- Benhama, Cliet og Dubesset (Study and application of spatial
directional filtering in three component recordings,
Geophysical Prospecting , 36, 591-613, 1988),

- Dankbaar (Vertical Seismic Profiling - Separation of P- and
S- waves, Geophysical Prospecting, 35, 803-814, 1887).

This progress in seismic processing implies that one will not
have to depend one a particular acquisition geometry whereby
one will try to avoid for example that tube waves arrives
simultaneously with the wave modes we will utilize.

An additional point is that the so called satellite
instruments, i.e. the physical smaller sonde hanging under the
main instrument has a better 3-component registration than the
main instrument. This has for example been reported by
Berteussen et al in a paper presented at the SEG yearly meeting
in Los Angeles in 1988. The consequence of this is that one in
the future may envisage that the main instrument will include
only the electronic modules and that the recording-instruments
(the geophones) will be located in satellites only.

As has been mentioned above, the principle for this invention
is best illustrated by fig. 2. By this arrangement one will
have two or more separate instruments located in a distance
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typically between 5 and 30 m from each other. This distance can
be changed. One or several acoustic sources will be used.
These will be located just above, between or under the
instruments. Frequencies in the area best for seismic data will
be used, i.e. between 0 and 1000 Hz. One will further use
3-component geophones; possibly one may also add a hydrophone
in the sonde. The whole wavefield will be registered, that is
the geophone movements will be registered as a function of
time. This has become possible by utilizing the special
procedure outlined for this invention, and should give data
with quality significantly better than one previously has
achieved.
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CLAIM:

1) A method for vertical-seismic profiling in the well
whereby seismic signal sources and receivers for the signals
are located in the well simultaneously, characterised in that
it in the well is introduced at least two separate
measurement-instruments, in particular 3-component geophones
giving directional sensitivity and establishing its orientation
by utilizing a gyro or by utilizing the signals from a known
source at the surface, that the acoustic signal sources are
located over, under, or alternatively between the recording
instruments, that the source emits seismic signals with
frequencies between 0 and 1000 Hz, and that the signals are
registered as a function of time on all the recording

instruments.

2) Method as outlined in claim 1, characterised by locating
the instruments at distances 5 — 30 m from each other, and that
the acoustic source(s) are located at similar distances from

neighboring instruments.

3) Seismic acquisition equipment for use as described in one
or several of the above claims characterised by locating one or
several acoustic sources and at least two separate geophones in
a well bore, in such a fashion that the source is located

either over, under or possibly between the geophones.

4) Utilization of a seismic acquisition equipment a described
in claim 4 for vertical seismic profiling in a well.
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