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(57) L ivention porte sur un procede et un dispositif
d’observation des interfaces entre fluides et d’autres
caracteristiques des fluides dans les intervalles entre
pores d’une formation souterramne. Le dispositif (4)
comporte un tube (5) autour duquel est dispose€e une
chambre annulaire (8) de mesure qui communique avec
lesdits intervalles de la formation environnante, mais est
1solée des autres parties du puits de production ou
d’autres puits ou le dispositif (4) est place. Un réseau de
capacites et autres capteurs (11) est monte dans la
chambre de mesure (8) pour y mesurer les interfaces
entre fluides et d’autres caractéristiques des fluides.
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(57) A method and device are provided for monitoring
the interfaces between and other physical characteristics
of fluids 1n the pore spaces of an underground formation.

The device (4) comprises a sleeve (5) around which,

when 1n use, an annular measuring chamber (8) 1s formed
which 1s 1n fluid communication with the pore spaces of
the surrounding formation but which 1s hydraulically
1solated from other parts of the wellbore of a production
or other well in which the device (4) 1s mounted. An
array of capacitor or other sensors (11) 1s mounted 1n the
measuring chamber (8) for measuring the interfaces
between, or other physical characteristics of, the fluids 1n
the measuring chamber ().
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(§87) Abstract

A method and device are provided for monitoring 1L
the interfaces between and other physical characteristics of |
fluids in the pore spaces of an underground formation. The
device (4) comprises a sleeve (5) around which, when in 7
use, an annular measuring chamber (8) is formed which is in
fluid communication with the pore spaces of the surrounding
formation but which is hydraulically isolated from other |
parts of the wellbore of a production or other well in o
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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DOWNHOLE MONITCORING METHOD AND DEVICE

The 1nventicn relate to a methodad and device for

{)

downnoie monitoring oL ohysica. characterlstics of

fluilds.
More particularly the 1nventlion relates to a metnocd
5 and device for monitoring pnyslical characteristics ¢of
fiuids 1n the pore spaces oif an underground formation

surrounding a welipore.

When fluics, sucnh as crude c¢ci1l and natural gas

produced i1t 1s citen cdesiradle to measure at downho.s
L0 locaticns pnysical characteristics ¢f the produceca
fluid(s) 1n orcer to ensure ophtimum productlon. ==2lavan-t

-C 1 'Q. -Tr . "F:( r R -~ ™ *ﬂ - — e v
sefun!l I reservolr [ormations wner waitier ¢cr Jga&s CcITnhln o
- T 1 — - o~
13 occurs arcund tne well or wells through wnich crude 22
1S procuced In sucn reservyolir Tormactlors 1t 138 —Tnervraforas

particularly re_svant to contlnu. sly monizor the
locationis) of the o0ll, gas and/or water 1interfaces z2 =z
variety of downnhole locaticns.
20 Var_ous methods exist to monitor fluid
characteristics downhole.
Frencn patent acvrlication No. 7825396 discloses an
annular vressure sensor that can be mounted on a
drillstring to measure the fluid pressure 1n the poreno.=
25 surrounding the drillstr:ng during drilling cperaticns.
US patent specification No. 2,564,198 discloses a

method wherein the 1nflow section of producing wsll 1S

divided into a number of subsections by a remcvable well
testing apparatus, whicn 1s egulpped with a series of

30 expandaple packer
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The composition of the fluid that flows into each
subsection 1s monitored by a fluld i1dentifier unit which

may measure the electrical conductivity of the prcduced

fluid.
US patent specification No. 5,132,903 disclosas a

& measuring sonds 1s low=red

s

metnod whereln a remocva

into tne 1nflow region of an oll production well and a

pad can be forced against the pbcrencle wall to provice &

'O

sealed chamber from whicn fluld 1s evacuated by a pum
and the properties of the thus withdrawn pore fluid(s)

measured. This known metnod allows determination o:

(D

pn T o
- Qi

th

=
L

{1

o0ll/water concentrations on the pasis ©

(D

measurement of the dlelecIiric proper

No. 2,605,837, Tnis priocr art relerence <discloses a well
in whilch a serles of stacxad annular measurlng champers
are created by means ©Z & saries Of packers. Each chamgar
15 ccnnected to tne wellnead via a sounding tubpe Tnrougn
wnicn a callbratecd sounding line can be low- -2 Lo

O
measure the fluid level therein occasicnallvy.

N

(f)

A disadvanzage of the <xnown monitoring technigques 1
that use 1s made ©f measurling equlpment whlch 1s
temporarily lowered 1nto the wells to perform tne
measurements and that these methods primarily measure

characteristlcs of fluids that are flowing 1ntoc the well.

An object of the present 1nvention 1s Lo provide a

method and device which enable a continuous downhole

b

measurement of in-—-situ cnaracteristilics of

-
-

the fliulds in

the pore spaces of the formation surrounding the

wellbore.

Wﬁm
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Further objects of the present invention are to

provide a downnole fluid monitoring method which can be

'-

carrlied out by means oI a measuring devlice which can pe
easily installed at any location within a w2llbore 1n
such a way that 1t does not opstruct access to and/or
prcduction from lower parts of the well and whlcn can ke
easlly removed cor rep.a
The method according to the 1nvention comprises

creatling 1n the wellbcre a measuring champer wnich 1S 1n
fluid communicaclion witn the pore spaces oL th=s formatTion
but which 1s nydraulically 1solated from the rest ci the
wellbore, tnhnerepy creating & boedy ¢f sulstartially

-

nt fluilid in the chamber and measuring pnysical

e

a
characteristics of the fluid 1n Tne champer Y mMeans oI &

urthermcocre 1t 13 preferr=sd thnat the measuring
cnamber 1s an annular cnameer whlich 1s 1S0

rest 0f the wellbore py means of a fluld tignt sleeve and
a palr of axially spaced packers that are arranged
petween the sleeve and an nner surface of the wellbore.

The fluilid monitoring device according to the

inventlon comprlises a sleeve for creating 1n the wellbore

measuring chamoer whicn, when 1in use, 1s 1in fluid
communication with the pore spaces of the formation but
which 1s hydraulically 1solated by the sleeve and cacxers

mounted on the sleeve from the rest of the wellbore

thereby creating a body of substantially stagnant filuld

in the chamber, and a string of axially spaced capacitive

AMENDED SHEET
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sensors that are mcunted within the chamber for meas
physical characteristics of the fluid inside the c¢
These and other features, opjects and advantages

trhe me-hod and device accordln:

are disclosed in the accompanying claims, apstract,
ollowling detailed description wiin

AMENDED SHES,
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drawings and the following detailed description with
reference to the drawings.

In the drawings:

Fig. 1 is a schematic representation of an oil
production well in which the downhole fluid monitoring

method and device according to the invention are used:
Fig. 2 1s 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

invention:;

Fig. 3 shows in detail and at a further enlarged
scale the array of capacitance sensors of the fluid
monitoring device of Fig. 2 and showing the variation of
the dielectric constant measured by the sensors at the
gas—-water 1interface;

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 1s a longitudinal sectional view showing at an

enlarged scale the fluid monitoring device in one of the

side-track wells of Fig. 4;

Fig. © 1s a schematic vertical sectional view of a

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 3
vertical 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 CH4 in the

drawings) 1is produced. As a result of the reduced fluid

pressure in the region of the well 1 water coning takes
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place and a cone 2 of water (referred to as H20 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
monlitoring device 4 according to the invention is
installed in the well 1.

As shown 1in 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
champber 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 perforations 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 1is produced from the measuring chamber 8
the fluid in the chamber 8 is substantially stagnant and
an equilibrium is established between the gas/water
(CH4/H20) interface 10 in the measuring chamber 8 and the
gas/water interface in the surrounding reservoir
formation 3. Hence the gas/water or other fluid interface
1n the reservoir formation 3 surrounding the well 1 can
be monitored from inside of the measuring chamber 8 using
an array of capacitor sensors 11 that are embedded in, oOr
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

dielectric constants measured at the gas/water
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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.qg. storage tanks
and wlll therefore not be described in detail. The use of
capaciltor sensors 1l 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
casing-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 existing 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.
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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

provided. This also allows the use of several monitoring

to monitor the oil/water interface below, and the oil/gas
interface above, an oil bearing reservoir formation. In

reservolrs where steam or other fluid injection takes

place the device 4 may be used to monitor a breakthrough

of steam or another injection fluid into the production
well 1.

Frequently there is a need to image the fluid

interfaces and other characteristics of the pore fluids

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 1s 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
equipped with a monitoring device 24 which is shown at an
enlarged scale in Fig. 5.

As shown 1n Fig. 5 the device 24 comprises a tubular
sleeve 25 which is equipped with a pair of expandable
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 formation
have free access but which chamber is hydraulically

isolated from the rest of the wellbore.
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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
displaying the measured fluid characteristics at the
surface (not shown) by means of one or more electrical or
optical 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 monitoring devices 24 are buried in the
reservoir formation.

The well and sensor configuration shown in Figs. 4
and 5 1s suitable for monitoring the gas/water (CH4/H20)
interface at various locations in and at various
distances away from the gas production well 20 which
allows an adequate mapping of the variations of the
gas/water interface throughout the reservoir formation 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 oll bearing reservoir formation 31.

Above and below the oil bearing formation 31 there
are gas (CH4) bearing and water (H20) bearing formations
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
interfaces 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



10

15

20

29

30

CA 02284997 1999-09-22

WO 98/45574 PCT/EP98/02187

series 0f 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 elongate
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
oll/gas and/or gas/water surfaces in a faulted reservoir
formation which 1s traversed by a horizontal or inclined
production well.

Fig. 7 1s a schematic vertical sectional view of a
faulted 01l bearing reservoir formation 40 which is
traversed by a vertical o0il 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 1in Fig. 2. Above and below the o0il bearing
formation 40 there are gas (CH4) and water (H20) bearing
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
vicilnity 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 substantially
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 o1l 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
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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

5 and oil/water interfaces in a faulted reservoir
formation 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

10 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.
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is in the pore spaces oI an underground formazion (2)

S
surrcunding a wellbore (1), the method comprising

creating in the wellbore (1) a measuring chamber (8)
5 which 1s in fluid communication with the pcre spaces oI
tne formation (3) tut whicnh 1s hydraulically 1solated

n 3
from the rest of the wellbore (1), thereby crszating i

1 . ' 4 \ s — —_ { - FU S L
10 the chamicer (2) by means of a ssnscr (li) thal 1s
- vV Yy om (.'2:"‘] "‘“h“ e ;o ' 18 i \ B allien B G YT T T D T - - o e
a“——a“"g\""'r\“‘ TN—‘—'\—'* ‘hn N J‘e s & b rrk'oe-h— 1‘. ; ’ cha—di\_ltth*é.‘_\-:a —_ L—r 43-—.0
Tne measuraement 1s carrled out by a string I Cacacltlve
- “:‘. ~ ; -y - *—’ — :
sensors (1L_.) Whicn are rermanentc.y mount=2d 1 Lhe
/ . ’ ~ - - — - A - r - —_ — —~ — -
~narper (8) and wnich are axial_.y spaced WwiITn YX2302IT <

4 - — I ~ - ; T i ~

15 a2 lecrcitudinal axis of the welibore (l) anc wnicno
gy — - ! y — - —— - r B - -
sanscrs (11} are connected to fluid leve. monlZoring

tring of sensors (1l1).

Z . The method of claim 1, wherein the measuring
champber (8) 1s an annular chamber which 1s 1solated from
“ne rest of the wellbore (1) by means of a If[luia Tignt
sleeve (3) and a palir of axially spaced packers (o, that

25 are arranged between the sleeve (5) and an 1nner

h

surface (7)) of the wellbore (1).

3. The method of claim 1, wherein the wel (1) 1s an <1l
and/or gas production well and a plurality of axia.ly
spaced measuring chambers (8) are created at various

30 loca-ions 1n the well (1)
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4. The methcd of any one 0oL cla

is a slimhole side-track well (22) which 1s apart from
the measurng cnharw

body of cement (29) to prevent production of filuids via

-

1 ' _ ) . -
Fne sice—-track well.

hn

. 1
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5. A de
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fluids 1n the pore spaces CL an undcergrouna ftormation (3]

| [

surroundling a wellpoore (1), the device comprising a

\

slecve (5) for creatlng 1n tne wellbcre a measuring

!

10 hamber (8) which, when 1n use, 1s 1n fluid commurnication
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