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(54) Methods and apparatus for micro-imaging

(57) Apparatus for investigating underground forma-
tions surrounding a borehole, comprises: a drill bit (40);
an optical probe (46) having substantially the same outer
diameter as the drill bit; a drive mechanism, operable to
cause the drill bit to drill a hole in the formation when the
apparatus is in the borehole, and to advance the optical
probe into the drilled hole; and an optical system, ar-
ranged such that when the optical probe is in the drilled
hole, light from a light source is directed into the optical
probe, light entering the probe from the source is directed
at the formation (50) around the drilled hole, and light
entering the probe from the formation around the drilled

hole is directed to a detector. A method of investigating
underground formations surrounding a borehole, com-
prises: drilling a hole in the formation to be investigated
using a drill bit; inserting an optical probe having sub-
stantially the same outer diameter as the drill bit into the
hole; directing light from a light source to the probe; di-
recting light entering the optical probe to the formation
around the drilled hole; directing light entering the optical
probe from the formation to a detector; and analysing the
light received at the detector.
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Description

Technical field

[0001] This invention relates to methods and appara-
tus for imaging underground formations and fluids such
as are commonly encountered in the drilling of wells such
as oil and gas wells. In particular, the invention provides
apparatus for use as a tool for making measurements in
such wells.

Background art

[0002] There are a number of techniques that have
been proposed for obtaining images of underground for-
mations around boreholes. In some of these techniques,
small-scale electrical, acoustic or nuclear properties are
measured and an image reconstructed from these meas-
urements. In all of these cases, the image is inferred: it
does not correspond exactly to what a person would see
if viewing it directly.
[0003] A number of optical techniques have also been
proposed for viewing the formation surrounding a bore-
hole. In one such technique, the borehole is filled with an
optically clear fluid (water or oil), and a tool carrying a
camera and light source is passed along the borehole.
Conical or hemispherical mirrors or fish-eye lenses have
been proposed to obtain full azimuthal coverage for a
camera placed at or near the centre line of the borehole.
[0004] In another class of optical techniques an optical
window is provided in the side of a tool or pad which is
pressed against the borehole wall and measurements
made.
[0005] All of these optical techniques suffer from prob-
lems. In all cases, the formation viewed is that left after
the drilling operation has been performed. It is well known
that drilling can cause significant changes in the forma-
tion around a borehole. For example, the drilling action
can cause mechanical damage, and drilling fluids can
enter the formations (invasion) or cause the formations
to undergo changes such swelling. Consequently, view-
ing such a formation may not be a good way to under-
stand the nature of the formation in its normal state. The
typical imaging resolution is of the order of 1 cm.
[0006] Another problem is that borehole fluids, forma-
tion fluids or mudcake can coat the viewing window or
get between the window and the formation and prevent
an image being obtained.
[0007] This invention is aimed at solving the problem
of investigating the formation in a regions that are less
effected by the drilling process and in a manner that
avoids problems with contaminant coming between the
imaging tool and the formation preventing an image being
obtained.

Disclosure of the invention

[0008] A first aspect of the invention provides an ap-

paratus for investigating underground formations sur-
rounding a borehole, comprising:

- a drill bit;
- an optical probe having substantially the same outer

diameter as the drill bit;
- a drive mechanism, operable to cause the drill bit to

drill a hole in the formation when the apparatus is in
the borehole, and to advance the optical probe into
the drilled hole; and

- an optical system, arranged such that when the op-
tical probe is in the drilled hole, light from a light
source is directed into the optical probe, light enter-
ing the probe from the source is directed at the for-
mation around the drilled hole, and light entering the
probe from the formation around the drilled hole is
directed to a detector.

[0009] By providing an optical probe with substantially
the same diameter as the drill bit, the optical surface of
the probe can be held close enough to the formation in
the drilled hole that the level of degradation due to ma-
terial between the probe and the formation is sufficiently
low as to allow effective investigation of the formation.
Drilling into the formation means that the formation
’viewed’ by the tool is less affected by the drilling process.
[0010] In one preferred embodiment, the drill bit and
optical probe form a single, elongate probe unit. In this
case, it is preferred that the drill bit is mounted on the
end of the optical probe. The optical system can comprise
a conical mirror located at the joint between the drill bit
and optical probe.
[0011] Where the drill bit and optical probe are provid-
ed in one unit, the drive mechanism can be arranged to
act on the optical probe to cause the drill bit to drill the
hole.
[0012] In one preferred form of this embodiment, the
drill bit is provided with a liquid pathway to direct any
formation fluid entering the drilled hole back along the
probe unit. The liquid path typically leads to a capillary
trap in the probe unit at which the fluid can be analysed.
[0013] In another embodiment of the invention, the drill
bit and optical probe are two discrete units. In this case,
the optical system can comprise a conical mirror located
in the optical probe.
[0014] In this embodiment, the drive mechanism pref-
erably includes means for aligning the drill bit or the op-
tical probe with the position of the drilled hole.
[0015] Apparatus according to the invention preferably
further comprises a tool body in which are located the
drive mechanism, a light source and a detector and at
least part of the optical system. The body can also include
arms which can be operated to bear against the borehole
wall so as to urge the tool body against the part of the
borehole wall into which the hole is to be drilled.
[0016] A second aspect of the invention provides a
method of investigating underground formations sur-
rounding a borehole, comprising:
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- drilling a hole in the formation to be investigated us-
ing a drill bit;

- inserting an optical probe having substantially the
same outer diameter as the drill bit into the hole;

- directing light from a light source to the probe;
- directing light entering the optical probe to the for-

mation around the drilled hole;
- directing light entering the optical probe from the for-

mation to a detector; and
- analysing the light received at the detector.

[0017] The optical probe can be used to turn the drill
bit such that as the drill bit drills into the formation, the
optical probe is inserted into the drilled hole.
[0018] By partially withdrawing the drill bit in the drilled
hole, fluids can be drawn from the formation into the
drilled hole. In this case, the method preferably further
comprises drawing the fluids along the drill bit to the op-
tical probe and analysing the fluids using the optical
probe.
[0019] In another embodiment of the method accord-
ing to the invention, after drilling the hole using the drill
bit, the drill bit is withdrawn from the hole and the optical
probe subsequently inserted.
[0020] The method according to the second aspect of
the invention is preferably performed using an apparatus
according to the first aspect of the invention.

Brief description of the drawings

[0021] Figures 1 and 2 show a tool according to a first
embodiment of the invention;

Figure 3 shows a detailed view of the drill probe unit
of the embodiment of Figures 1 and 2;
Figure 4 shows the drill probe of Figure 3 when used
for fluid analysis;
Figures 5 and 6 show a tool according to a second
embodiment of the invention; and
Figure 7 shows a detailed view of the optical probe
of the embodiment of Figures 5 and 6.

Mode(s) for carrying out the invention

[0022] Figures 1 and 2 show a first embodiment of a
tool according to the invention. The tool comprises a tool
body 10 that can be suspended in a borehole 12 by
means of a wireline cable (not shown) which provides
power and data communication from the surface. A pair
of backup arms 14 are mounted on the tool body and can
be extended to contact one side of the borehole wall 16
so as to force the tool body 10 against the opposite side
of the borehole wall 18 where it is supported on pads 20.
[0023] A drive mechanism 22 comprising a motor and
gear arrangement is mounted in the body 10. The drive
mechanism includes a drive head 24 in which is mounted
a drill and probe unit 26. The unit 26 comprises at its
outer end a drill bit 28 and at its inner end an optical probe

30 formed from a sapphire fibre having an outside diam-
eter that is substantially the same as, but no larger than
that of the drill bit. The drive mechanism 24, which is
provide with power and control signals from the wireline
cable, operates to rotate the drill unit 26 and provide an
axial drive to either drill into the borehole wall 18 or with-
draw the unit from a drilled hole.
[0024] The body 10 also contains an optical system
comprising a CCD camera and light source 32 with as-
sociated control electronics 34. The optical system also
includes a mirror 36 which provides a light path 38 to
direct light from the light source into the fibre forming the
optical probe 30, and to direct light exiting the optical
probe to the CCD camera.
[0025] Figure 1 shows the configuration of the tool
when it is positioned in the borehole 12 adjacent a for-
mation of interest. Figure 2 shows the configuration of
the tool once a hole has been drilled and the drill and
probe unit 26 advanced into the drilled hole such that at
least the lower part of the optical probe 30 is located in
the hole.
[0026] Figure 3 shows further detail of the drill and
probe unit 26. The drill bit 28 is metallic and has an end
portion 40 for drilling ahead and a tail portion 42 which
is shaped with grooves 44 to remove the drilled material,
and to polish or hone the wall of the drilled hole to obtain
a good surface for imaging. The sapphire fibre 46 forming
the optical probe 30 is fixed to the end of the drill bit 28.
The outer diameter of the fibre 46 is close to, but no great-
er than the largest outer diameter of any part of the drill
bit 28 (for example 5-12mm) so as to be able to fit in the
drilled hole but to leave as little possible space between
the wall of the drilled hole and the side of the fibre 46.
This has the effect of minimising the amount of material
that can remain between the side of the fibre 46 and the
wall of the drilled hole which could otherwise interfere
with optical measurements. Grooves 44’, corresponding
to those in the drill bit 28 are formed in the outer surface
of the fibre 46 to direct drilled material out of the hole and
away from the wall to be imaged.
[0027] A conical mirror 48 is formed at the interface
between the drill bit 28 and optical probe 30. Light enter-
ing the probe from the source 32 via the mirror 36 is
reflected substantially equally around the azimuth of the
fibre 46 onto an investigation zone 50 of the hole wall
near the conical mirror 48. Light passing into the fibre
from the investigation zone 50 is reflected by the conical
mirror 48 back up the fibre 46 and via the mirror 36 to
the CCD camera 32. Thus, light from the source 32 can
be directed at the polished or honed surface of the drilled
hole in the investigation zone 50 and an optical image of
the wall (and hence the formation) returned to the camera
32. Such a probe can be used to obtain optical images
on the order of 1 micron resolution.
[0028] As well as the optical image, the drill and probe
unit 26 to analyse formation fluids as is shown in Figure
4. Because of the close fit between the outside of the
probe unit 26 and the wall of the drilled hole, when the
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probe unit 26 is withdrawn from the hole, a pressure drop
is created at the end of the hole 52 by the swabbing effect
such that fluids can flow in from the formation 18. The
fluids can flow back along the groves 44 and 44’ to the
region of the fibre 46 near the mirror 48 where they can
be trapped in a capillary chamber 54 and optically ana-
lysed in a similar fashion to that described above for the
formation wall.
[0029] The steps of drilling, imaging and fluid analysis
can be repeated several times, repositioning the tool in
the borehole prior to each measurement.
[0030] Figures 5 and 6 show a second embodiment of
a tool according to the invention. Parts corresponding to
those in Figures 1 and 2 are given the same numbers in
the 100 series.
[0031] This second embodiment differs from the first
in that the drill probe unit is replaced by a separate drill
bit 128 and optical probe 130. In this case, the drive head
124 has the bit 128 and probe 130 carried separately and
the drive mechanism 122 includes a translation mecha-
nism to align one or the other with the position of the
drilled hole.
[0032] In the first stage or operation, as shown in Fig-
ure 5, the tool is positioned as before and the drive mech-
anism 122 operated to drill the hole with the drill bit 128.
The mechanism 122 then withdraws the bit 128 from the
hole and moves the drive head 124 until the optical probe
130 is aligned with the hole (Figure 6), at which point it
is inserted into the hole and the optical measurement
made. The probe 130 can then be withdrawn from the
hole and the tool moved to another location for further
measurements to be made.
[0033] In this embodiment, the optical probe can have
a somewhat different construction as is shown in Figure
7, comprising a multi-part sapphire-sapphire assembly
60, 62 having a conical mirror 64 formed at the interface.
Again, a probe diameter corresponding to that of the OD
of the drill bit 128 is used, 5-12mm for example.
[0034] In both embodiments, the light returning to the
CCD camera 32 can be processed in the tool electronics
34 to form images which can be either stored in the tool
or transmitted to the surface via the wireline cable. Also,
the raw optical signals can be stored or transmitted to
the surface for later processing.
[0035] Other changes can be made while staying with-
in the scope of the invention. For example, the tool can
be self contained without the need to rely on the wireline
cable for instructions and/or power. The tool can also be
conveyed on coiled tubing. While the examples given
above contemplate imaging in open (uncased) bore-
holes, the invention could also be used in cased bore-
holes but with the necessity of drilling through casing and
any cement between the casing and formation before
obtaining images. Plugging of holes drilled in casing may
also be required.
[0036] In another embodiment, the optical probe is pro-
vided with a small internal hole that can be connected in
the tool body to a pumping arrangement. This hole can

be used for the withdrawal of liquid from the drilled hole
in order to measure the formation pressure. The hole can
also be used to inject a very small quantity of liquid (water
for instance) in order to flush the probe in cases where
the optical attenuation is high, for example in heavy mud.
Since the amount of liquid surrounding the probe in the
drilled hole (for the dimensions described above) is very
small (about one cc) it can easily be replaced or diluted
with a clean fluid ejected from the hole in the probe.

Claims

1. Apparatus for investigating underground formations
surrounding a borehole, comprising:

- a drill bit;
- an optical probe having substantially the same
outer diameter as the drill bit;
- a drive mechanism, operable to cause the drill
bit to drill a hole in the formation when the ap-
paratus is in the borehole, and to advance the
optical probe into the drilled hole; and
- an optical system, arranged such that when
the optical probe is in the drilled hole, light from
a light source is directed into the optical probe,
light entering the probe from the source is di-
rected at the formation around the drilled hole,
and light entering the probe from the formation
around the drilled hole is directed to a detector.

2. Apparatus as claimed in claim 1, wherein the drill bit
and optical probe form a single, elongate probe unit.

3. Apparatus as claimed in claim 2, wherein the drill bit
is mounted on the end of the optical probe.

4. Apparatus as claimed in claim 3, wherein the optical
system comprises a conical mirror located at the joint
between the drill bit and optical probe.

5. Apparatus as claimed in any of claims 2-4, wherein
the drive mechanism acts on the optical probe to
cause the drill bit to drill the hole.

6. Apparatus as claimed in any of claims 2-5, wherein
the drill bit is provided with a liquid pathway to direct
any formation fluid entering the drilled hole back
along the probe unit.

7. Apparatus as claimed in claim 6, wherein the liquid
path leads to a capillary trap in the probe unit at which
the fluid can be analysed.

8. Apparatus as claimed in claim 1, wherein the drill bit
and optical probe are two discrete units.

9. Apparatus as claimed in claim 8, wherein the optical
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system comprises a conical mirror located in the op-
tical probe.

10. Apparatus as claimed in claim 8 or 9, wherein the
drive mechanism includes means for aligning the drill
bit or the optical probe with the position of the drilled
hole.

11. Apparatus as claimed in any preceding claim, further
comprising a tool body in which are located the drive
mechanism, a light source and a detector and at least
part of the optical system.

12. Apparatus as claimed in claim 11, wherein the body
also includes arms which can be operated to bear
against the borehole wall so as to urge the tool body
against the part of the borehole wall into which the
hole is to be drilled.

13. Apparatus as claimed in any preceding claim, where-
in the optical probe further comprises a bore through
which fluids can be withdrawn from or pumped into
the drilled hole.

14. A method of investigating underground formations
surrounding a borehole, comprising:

- drilling a hole in the formation to be investigated
using a drill bit;
- inserting an optical probe having substantially
the same outer diameter as the drill bit into the
hole;
- directing light from a light source to the probe;
- directing light entering the optical probe to the
formation around the drilled hole;
- directing light entering the optical probe from
the formation to a detector; and
- analysing the light received at the detector.

15. A method as claimed in claim 14, comprising using
the optical probe to turn the drill bit such that as the
drill bit drills into the formation, the optical probe is
inserted into the drilled hole.

16. A method as claimed in claim 15, further comprising
at least partially withdrawing the drill bit in the drilled
hole so as to draw fluids from the formation into the
drilled hole.

17. A method as claimed in claim 16, further comprising
drawing the fluids along the drill bit to the optical
probe and analysing the fluids using the optical
probe.

18. A method as claimed in claim 14, comprising, after
drilling the hole using the drill bit, withdrawing the
drill bit from the hole and subsequently inserting the
optical probe.

19. A method as claimed in claim 14, when performed
using an apparatus as claimed in any of claims 1-13.
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