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(57) A method and device are provided for monitor-
ing the interfaces between and other physical character-
istics of fluids in the pore spaces of an underground
formation.

The device (4) comprises a sleeve (5) around
which, when in use, an annular measuring chamber (8)
is formed which is in fluid communication with the pore
spaces of the surrounding formation but which is

Downhole monitoring method and device

hydraulically isolated from other parts of the wellbore of
a production or other well in which the device (4) is
mounted. An array of capacitor or other sensors (11) is
mounted in the measuring chamber (8) for measuring
the interfaces between, or other physical characteristics
of, the fluids in the measuring chamber (8).
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Description

The invention relates to a method and device for
downhole monitoring of physical characteristics of flu-
ids.

More particularly the invention relates to a method
and device for monitoring physical characteristics of flu-
ids in the pore spaces of an underground formation sur-
rounding a wellbore.

When fluids, such as crude oil and natural gas, are
produced it is often desirable to measure at downhole
locations physical characteristics of the produced
fluid(s) in order to ensure optimum production. Relevant
characteristics are the pressure, temperature and com-
position of the fluid. Fluid composition monitoring is
useful in reservoir formations where water or gas coning
occurs around the well or wells through which crude oil
is produced. In such reservoir formations it is therefore
particularly relevant to continuously monitor the loca-
tion(s) of the oil, gas and/or water interfaces at a variety
of downhole locations.

Various methods exist to monitor fluid characteris-
tics downhole.

US patent specification No. 2,564,198 discloses a
method wherein the inflow section of producing well is
divided into a number of subsections by a removable
well testing apparatus, which is equipped with a series
of expandable packers.

The composition of the fluid that flows into each
subsection is monitored by a fluid identifier unit which
may measure the electrical conductivity of the produced
fluid.

US patent specification No. 5,132,903 discloses a
method wherein a removable measuring sonde is low-
ered into the inflow region of an oil production well and
a pad can be forced against the borehole wall to provide
a sealed chamber from which fluid is evacuated by a
pump and the properties of the thus withdrawn pore
fluid(s) are measured. This known method allows deter-
mination of the oil/water concentrations on the basis of
a measurement of the dielectric properties of the pro-
duced fluids. Other dielectric well logging devices are
disclosed in US patent specifications Nos. 2,973,477
and 4,677,386, German patent specification 2621142
and European patent specification 0111353.

A disadvantage of the known monitoring tech-
niques is that use is made of measuring equipment
which is temporarily lowered into the wells to perform
the measurements and that these methods primarily
measure characteristics of fluids that are flowing into
the well.

An object of the present invention is to provide a
method and device which enable a continuous down-
hole measurement of in-situ characteristics of the fluids
in the pore spaces of the formation surrounding the
wellbore.

Further objects of the present invention are to pro-
vide a downhole fluid monitoring method which can be
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carried out by means of a measuring device which can
be easily installed at any location within a wellbore in
such a way that it does not obstruct access to and/or
production from lower parts of the well and which can be
easily removed or replaced.

The method according to the invention comprises
creating in the wellbore a measuring chamber which is
in fluid communication with the pore spaces of the for-
mation but which is hydraulically isolated from the rest
of the wellbore, thereby creating a body of substantially
stagnant fluid in the chamber and measuring physical
characteristics of the fluid in the chamber by means of a
number of sensors that are mounted within the cham-
ber.

It is preferred that the sensors are capacitive sen-
sors which are suitable for detecting the presence of
water, crude oil and/or natural gas in the region of the
sensor and that a string of sensors is arranged in the
chamber which sensors are axially spaced with respect
to a longitudinal axis of the wellbore and which sensors
are connected to fluid level monitoring equipment which
is adapted to identify the presence and location of an
interface between different fluids, such as water, crude
oil and/or natural gas in the region of the string of sen-
SOrs.

Furthermore it is preferred that the measuring
chamber is an annular chamber which is isolated from
the rest of the wellbore by means of a fluid tight sleeve
and a pair of axially spaced packers that are arranged
between the sleeve and an inner surface of the well-
bore.

The fluid monitoring device according to the inven-
tion comprises a sleeve for creating in the wellbore
measuring chamber which, when in use, is in fluid com-
munication with the pore spaces of the formation but
which is hydraulically isolated by the sleeve and packers
mounted on the sleeve from the rest of the wellbore
thereby creating a body of substantially stagnant fluid in
the chamber, and a number of sensors that are
mounted within the chamber for measuring physical
characteristics of the fluid inside the chamber.

These and other features, objects and advantages
of the method and device according to the present
invention are disclosed in the accompanying claims,
abstract, drawings and the following detailed description
with reference to the drawings.

In the drawings:

Fig. 1 is a schematic representation of an oil pro-
duction well in which the downhole fluid monitoring
method and device according to the invention are
used;

Fig. 2 is a vertical sectional view of the well of Fig.
1 showing at a larger scale than in Fig. 1 details of
the fluid monitoring device according to the inven-
tion;

Fig. 3 shows in detail and at a further enlarged
scale the array of capacitance sensors of the fluid
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monitoring device of Fig. 2 and showing the varia-
tion of the dielectric constant measured by the sen-
sors at the gas-water interface;

Fig. 4 is a schematic representation of a vertical
well and of a series of slimhole side-track wells,
which wells are equipped with fluid monitoring
devices according to the invention;

Fig. 5 is a longitudinal sectional view showing at an
enlarged scale the fluid monitoring device in one of
the side-track wells of Fig. 4;

Fig. 6 is a schematic vertical sectional view of a hor-
izontal oil production well and of six slimhole side-
track wells, where each side-track well is equipped
with a fluid monitoring device according to the
invention; and

Fig. 7 is a schematic vertical sectional view of a ver-
tical oil production well and a slimhole side-track
well which are each provided with a pair of fluid
monitoring devices according to the invention.

Referring now to Fig. 1 there is shown a production
well 1 via which natural gas (referred to as CH, in the
drawings) is produced. As a result of the reduced fluid
pressure in the region of the well 1 water coning takes
place and a cone 2 of water (referred to as H>O in the
drawings) is formed in the pore spaces of the lower part
of the reservoir formation 3 surrounding the well 1.

In order to monitor the presence of water in the pore
spaces of the reservoir formation 3 and/or to monitor
other characteristics of the pore fluids a downhole mon-
itoring device 4 according to the invention is installed in
the well 1.

As shown in more detail in Fig. 2 the monitoring
device comprises a tubular sleeve 5 which is equipped
with a pair of packers 6. The packers are expanded
once the sleeve 5 has been lowered to the location
where the measurements are to be made to seal off the
upper and lower ends of the annular space between the
sleeve 5 and a well casing 7, thereby forming an annular
measuring chamber 8 which is hydraulically isolated
from the rest of the wellbore. Before installation of the
device 4 the well casing 7 has been provided with perfo-
rations 9 via which the fluid in the pores of the reservoir
formation 3 surrounding the device 4 is given free
access to the measuring chamber 8.

As no fluid is produced from the measuring cham-
ber 8 the fluid in the chamber 8 is substantially stagnant
and an equilibrium is established between the
gas/water (CH4/H50) interface 10 in the measuring
chamber 8 and the gas/water interface in the surround-
ing reservoir formation 3. Hence the gas/water or other
fluid interface in the reservoir formation 3 surrounding
the well 1 can be monitored from inside of the measur-
ing chamber 8 using an array of capacitor sensors 11
that are embedded in, or mounted on, the outer surface
of the sleeve 5.

Fig. 3 shows at a further enlarged scale the array of
capacitor sensors 11 and illustrates the variation of die-
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lectric constants measured at the gas/water interface
10. Since the dielectric constant of water is about 80
times larger than the dielectric constant of natural gas a
high resolution of the device as an interface monitor is
possible.

Capacitor sensors 11 are known in the art and are
being used for interface detection in e.g. storage tanks
and will therefore not be described in detail. The use of
capacitor sensors 11 requires simple, non-sensitive
electronics downhole and needs but low electrical
power.

The vertical resolution that can be achieved with
this type of sensors is in the order of a few mm.

As shown in Fig. 2 the data transfer from and power
supply to the monitoring device 4 is performed by an
inductive coupler 12 installed on a production or other
tubing 13 at a location adjacent to the device 4.

The inductive coupler 12 is connected to surface
electronics (not shown) through an electrical cable 14.

If the device 4 is installed above the lowermost cas-
ing-tubing packer (not shown) the production tubing 13
can be used to install the inductive coupler 12 and to
clamp on the electrical cable 14. If the device 4 is to be
installed below the lowermost casing-tubing packer (not
shown) a tail pipe or other well tubular may be used for
this purpose.

Alternatively a cable-less communication system,
such as an acoustic system or a system that uses the
tubing as an antenna may be used for the data transfer
from and power supply to the monitoring device 4. The
device 4 can therefore be easily installed in both exist-
ing and new wells for permanent downhole use.

In addition to or instead of capacitor sensors 11 the
device can also be equipped with other sensors for
measuring physical characteristics of the pore fluids,
such as pressure and temperature.

Being a stand alone unit, the monitoring device 4
offers high installation flexibility and is but a small
obstruction in the wellbore. Due to its tubular design
free access to the wellbore below the device 4 is pro-
vided. This also allows the use of several monitoring
devices 4 at various depths in a single well 1, e.g. to
monitor the fluid interfaces of stacked reservoirs and/or
to monitor the oil/water interface below, and the oil/gas
interface above, an oil bearing reservoir formation. In
reservoirs where steam or other fluid injection takes
place the device 4 may be used to monitor a break-
through of steam or another injection fluid into the pro-
duction well 1.

Frequently there is a need to image the fluid inter-
faces and other characteristics of the pore fluids in res-
ervoir formations at a distance from a production well.

Fig. 4 shows a vertical production well 20 in which
a monitoring device 21 which is similar to the device 4 of
Figs. 1-3 is mounted. In order to enable fluid interface
monitoring at a distance from the production well 20
three slimhole side-track wells 22 have been drilled into
the reservoir formation 23. Each side-track well 22 is
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equipped with a monitoring device 24 which is shown at
an enlarged scale in Fig. 5.

As shown in Fig. 5 the device 24 comprises a tubu-
lar sleeve 25 which is equipped with a pair of expanda-
ble packers 26 that are pressed against the formation
surrounding the wellbore of the side track well 22.

Thus an annular measuring chamber 27 is formed
around the sleeve 25 and between the packers 26 to
which chamber 27 pore fluids from the surrounding for-
mation have free access but which chamber is hydrauli-
cally isolated from the rest of the wellbore.

The outer surface of the sleeve 25 is equipped with
an array of capacitor and/or other sensors (not shown)
which operate in the same manner as described with
reference to Figs. 1-3.

The array of sensors is connected to means for dis-
playing the measured fluid characteristics at the surface
(not shown) by means of one or more electrical or opti-
cal signal transmission cables 28. Once the monitoring
devices 24 and transmission cables 28 are installed the
side-track wells are, except the measuring chambers
27, fully filled with cement 29 to prevent uncontrolled
production via the side-track wells 22. Thus, the moni-
toring devices 24 are buried in the reservoir formation.

The well and sensor configuration shown in Figs. 4
and 5 is suitable for monitoring the gas/water
(CH4/H,0) interface at various locations in and at vari-
ous distances away from the gas production well 20
which allows an adequate mapping of the variations of
the gas/water interface throughout the reservoir forma-
tion 23 as a result of water coning or other reservoir
depletion effects.

Fig. 6 shows a schematic vertical sectional view of
a horizontal oil production well 30 which extends
through an oil bearing reservoir formation 31.

Above and below the oil bearing formation 31 there
are gas (CH,) bearing and water (H,O) bearing forma-
tions 32 and 33, respectively.

A pair of parallel faults 34 exist in the reservoir and
surrounding formations and as a result of variations in
the fluid flow conditions the oil/water and gas/oil inter-
faces are different at each side of each fault 34.

In order to monitor the locations of the oil/water and
gas/oil interfaces at each side of the faults 34 a series of
six slimhole side-track wells 35 have been drilled into
the reservoir formation 31 in a direction substantially
parallel to the faults 34.

Each side-track well 35 is equipped with an elon-
gate monitoring device 36 of the same type as
described in detail with reference to Fig. 5 and the other
parts of the side-track wells 35 are filled with cement to
prevent uncontrolled production via the side-track wells
35. The well and sensor configuration shown in Fig. 6
enables an adequate and continuous mapping of the
oil/water and oil/gas and/or gas/water surfaces in a
faulted reservoir formation which is traversed by a hori-
zontal or inclined production well.

Fig. 7 is a schematic vertical sectional view of a
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faulted oil bearing reservoir formation 40 which is tra-
versed by a vertical oil production well 41 which is
equipped with an upper and a lower monitoring device
42 and 43, respectively, which devices are of the same
type as shown in Fig. 2. Above and below the oil bearing
formation 40 there are gas (CH,) and water (H,O) bear-
ing strata 44 and 45, respectively. The monitoring
devices 42 and 43 are located in the regions of the
oil/gas and oil/water interfaces in the reservoir formation
40 in the vicinity of the production well 41. A slimhole
side-track well 46 has been drilled from the production
well 41 into the reservoir formation 40 in a direction sub-
stantially parallel to the faults 49.

The side-track well 46 contains an upper and a
lower monitoring device 47 and 48, respectively, for
monitoring the gas/oil and oil/water interface at the top
and bottom of the oil bearing reservoir formation. The
monitoring devices 47 and 48 are of the same type as
shown in Fig. 5 and the other parts of the side-track well
46 are cemented to prevent uncontrolled production via
the side-track well 46.

The well and sensor configuration shown in Fig. 7
enables an adequate and continuous mapping of the
gas/oil and oil/water interfaces in a faulted reservoir for-
mation 40 which is traversed by a vertical or inclined oil
production well 41.

It will be understood by those skilled in the art that
the monitoring device and method according to the
present invention can be used to monitor the gas, oil
and/or water interfaces at any desired location in an
underground formation. They can be used to improve
and update the reservoir models and make real-time
reservoir imaging and management possible.

Claims

1. A method for monitoring physical characteristics of
fluids in the pore spaces of an underground forma-
tion surrounding a wellbore, the method comprising
creating in the wellbore a measuring chamber
which is in fluid communication with the pore
spaces of the formation but which is hydraulically
isolated from the rest of the wellbore, thereby creat-
ing a body of substantially stagnant fluid in the
chamber and measuring physical characteristics of
the fluid in the chamber by means of a number of
sensors that are mounted within the chamber.

2. The method of claim 1, wherein the sensors are
capacitive sensors which are suitable for detecting
the presence of water, crude oil and/or natural gas
in the region of the sensor.

3. The method of claim 2, wherein a string of sensors
is arranged in the chamber which sensors are axi-
ally spaced with respect to a longitudinal axis of the
wellbore and which sensors are connected to fluid
level monitoring equipment which is adapted to



7 EP 0 870 900 A1

identify the presence and location of an interface
between different fluids, such as water, crude oil
and/or natural gas in the region of the string of sen-
SOrs.

The method of claim 1, 2 or 3, wherein the measur-

ing chamber is an annular chamber which is iso-
lated from the rest of the wellbore by means of a
fluid tight sleeve and a pair of axially spaced pack-

ers that are arranged between the sleeve and an 10
inner surface of the wellbore.

The method of any preceding claim, wherein the
well is an oil and/or gas production well and a plu-
rality of axially spaced measuring chambers are 15
created at various locations in the well.

The method of any one of claims 1-4, wherein the
well is a slimhole side-track well which is apart from

the measuring chamber substantially filled with a 20
body of cement to prevent production of fluids via

the side-track well.

A device for monitoring physical characteristics of
fluids in the pore spaces of an underground forma- 25
tion surrounding a wellbore, the device comprising

a sleeve for creating in the wellbore measuring
chamber which, when in use, is in fluid communica-

tion with the pore spaces of the formation but which

is hydraulically isolated by the sleeve and packers 30
mounted on the sleeve from the rest of the wellbore
thereby creating a body of substantially stagnant
fluid in the chamber, and a number of sensors that

are mounted within the chamber for measuring
physical characteristics of the fluid inside the cham- 35
ber.
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