WO 02/29200 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

11 April 2002 (11.04.2002)

PCT

(10) International Publication Number

WO 02/29200 Al

(51) International Patent Classification’: E21B 21/10,

34/00

(21) International Application Number: PCT/NO01/00396

(22) International Filing Date:
28 September 2001 (28.09.2001)

(25) Filing Language: Norwegian

(26) Publication Language: English
(30) Priority Data:

20004940 2 October 2000 (02.10.2000) NO

(71) Applicants and

(72) Inventors: TENN@Y, Andor, Svein [NO/NO]; Ny-
mannsveien 147A, N-4015 STAVANGER (NO). PEDER-
SEN, Bernt, Reinhardt [NO/NOJ; Johan Thorsensg. 62,
N-4010 STAVANGER (NO).

(74) Agent: HAMSO PATENTBYRA ANS; Vigsgaten 43,
N-4306 SANDNES (NO).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU,
ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

[Continued on next page]

(54) Title: DOWNHOLE VALVE DEVICE

(57) Abstract: A downhole valve device
(1) of the kind used in a drill string (14) in
a well (2) in the exploration and recovery
of petroleum deposits, comprising a valve
housing (20) and a valve (23), there being
disposed in the drill string (14) one or more
downhole valve(s) (1) which are arranged
to open/close to a branching of fluid out
from the cavity of the drill string (14) into
an annulus (3°, 4°) formed between the drill
string (14) and the well wall.

15 16 17




w0 02/29200 A1 DO 0R 00O A

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report

ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

. 20

WO 02/29200 PCT/NO01/00396

DOWNHOLE VALVE DEVICE

This invention relates to a downhole valve to be installed in
a drill string, of the kind used for example in the

exploration and recovery of petroleum deposits.

In petroleum wells it is common practice to case down to a
certain well depth in order, i.a., to ensure that the well
will not collapse. From the lower end portion of the casing

an uncased well section of a smallerxr diameter is drilled

further into the formation. The transition between the casing

and the uncased well is commonly referred to as a "shoe", in
the following referred to as a "transition shoe". Drilling
fluid (mud) is pumped from the surface down the drill string
to the drill bit in order to cool and clean it. The drilling
fluid returns toéether with severed cuttings to the surface
through the annulus formed between the.drill string and the
wall of the well. During drilling there is the risk that the
cuttings may settle from the drilling fluid and accumulate
along the low side of the well profile, which entails the
risk of the drill string jamming. It is therefore very

important that drilling fluid is supplied in an adequate
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amount for such settling to be avoided. By settling is meant,
in this connection, that particles fall out of a fluid
mixture. At the transition shoe between the cased and the
uncased part of the well, there is an increase in pipe
diameter which makes the drilling fluid flow at a reduced
rate because of the cross-sectional increase. Settling of
cuttings from the drilling fluid often occurs in this region.
In long wells, by high drilling fluid velocity there will
also be a considerable flow resistance in the drilling fluid.
Therefore, in order to achieve the desired amount of flow,
the pump pressure must be increased..However, other drilliné-
technical conditions set limits to how high or how low a
pressure may be used. For example, drilling fluid may enter
the well formation by too high a preséure. By to low a
pressure the wall of the well may collapse, or well fluid‘may
enter from the well formation into the well, which may result
in an uncontrollable drilling‘situation. A typical well
profile penetrates a number of formation strata of different
geological properties. The estimated pore pressure and
fracture limits of the formations drilled set limits to the

specific gravity of the drilling fluid. As longer wells are

"being drilled, the problems become more pronounced.

The main portion of time loss occurring during drilling may
be ascribed to these conditions and other hydraulicélly
related problems, such as they will be described in the
following, and to the measures that have to be taken to

control them.

According to known technique, the above-mentioned tasks are
solved by utilizing a number of different methods and

measures. The well pressure is controlled essentially by
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adjusting the specific gravity, rheological properties and

pressures of the drilling fluid.

The settling of cuttings from the drilling fluid may be
reduced and hole cleaning improved by increasing the
rotational speed of the drill string. The drilling fluid is
then drawn along into a rotary motion in addition to the
axial movement. This results in a helical flow which causes a
higher flow rate because the flow path is longer than by
axial movement only. Good cleaning may also be achieved by
running the drill string slowly up and down at the same time

as drilling fluid is flowing through the well.

When, due to too high pressure, drilling fluid penetrates the
well formation, a substance may be added, which will tighten
the pores of the well, e.g. crushed nutshell. The specific
gravity of the drilling fluid may also, perhaps at the same
time, be lowered to reduce the pressuré and thereby prevent

further fracturing.

In a so-called "kick" gas is flowing from the well formation
into the well displacing drilling fluid. This results in more
drilling fluid flowing out of the well than being supplied.
Such a potential uncontrollable situation is countered by
pumping down heavier well fluid into the4well. This is a slow
process because the gas expands further as it is rising
within the well and the hydrostatic pressure is reduced.
Circulating gas out from the well may typically take 24 to 48

hours.

The reason for the drawbacks of known technique is primarily
that it is difficult and often not possible to adjust the
properties of the drilling fluid in such a way that it will
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meet the most important drilling-technical requirements
within the restrictions set by the formation. In longer wells
the loss of flow friction of the drilling fluid contributes
to the fact that the difference in pressure of the drilling
fluid when it is being pumped throﬁgh the well (total
pressure) and when it is not in motion (static pressure)
becomes greater. This makes it difficult to keep the well
pressure within the limits set by the pore pressure and
fracture limit of the formation. Thus, it is not possible to
use a total pressure that will provide the desired flow rate
in the drilling fluid, which results in increasing settling
of cuttings from the drilling fluid, in particular at the

transition between the cased and the uncased well portions.

The invention has as its object to remedy the negative

aspects of known technique.

The object is realized according to the invention through the
features set forth in the description below and in the

subsequent claims.

At a distance from the drill bit, which distance is adjusted
in accordance with the well conditions, and which may
typically be several hundred meters, one or more downhole
valves are installed, which are arraﬁged to direct part of
the drilling fluid flowing down through the drill string, out
into the annulus between the drill string and the |

casing/formation wall.

The downhole valve may comprise a valve housing with a built-
in valve, a distributor housing and necessary control
components. The downhole valve is provided with securing

devices complementarily matching the threaded pipe
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connections of the drill string, and is secured between two
adjacent pipe sections. The downhole valve forms an
integrated part of the drill string. An axial bore extending»
through the valve housing allows the drilling fluid to flow
freely between the two connected drill pipes through the
valve housing. The downhole valve is arranged to open/close a
connection between the internal axial bore and an annular
distributor housing. When the distributor housing’is not
installed, the opening opens directly into the annulus around
the downhole valve. The distributor housing encircling the
valve housing is‘provided with openings/slots distributed
round the periphery of the distributor housing. The
opening(s) is (are) arranged to distribute the exiting
drilling fluid'approximatelyAequally round the downhole

valve.

The valve is arranged to open and close during drilling, by
means of an actuator and a control system of a kind known in
itself. For exaﬁple, an electric actuator may be controlled
to open and close the valve whenever pre-programmed physical
parametere are met. Such parameters may be well angle.and/or
well pressure. The valve may be overridden, for example, by
the drill string being rotated at specific'speeds in a
predetermined sequence, or by acoustic communication-to the

surface.

In a typical drilling situation, in which there is a risk
that cuttings will settle from the drilling fluid, in
particular at the transition between cased and uncased well,
and in which it is not convenient to increase the pump
pressure or the specific gravity of the drilling fluid
further because of the risk of drilling fluid entering the

formation, the valve is opened and a portion of the drilling
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fluid, which is flowing down the drill string, flows out into
the annulus. The flow of drilling fluid in the upper part of
the well may thereby be increased without the pressure
increasing correspondingly. The velocity of the drilling
fluid in the annulus between the drill string and the casing
increases and settling of cuttings from the drilling fluid

may be prevented.

By unwanted inflow of gas or liquid from the formation into
the well, it is possible to open the valve and thereby
quickly pump down heavier drilling fluid which then
intersects the gas pocket or the formation liquid which is
entering the well. Correspondingly, by unwanted outflow of
drilling fluid to the formation because of overbalance 'in the
fluid pressure, the downhole valve may be opened and lighter
drilling fluid be pumped directly into the annulus above the

leakage area to remedy this situation.

In the following will be described a non-limiting example of

a preferred embodiment visualized in the accompanying

drawings, in which:

Fig. 1 shows schematically in section a well, in which a

drill string, with a downhole valve according to the

.invention installed, is p%aﬁéd in a well bore; and

Fig. 2 shows in section and in part schematically a down hole

~valve in detail.

In the drawings. -the reference numeral 1 identifies a downhole
valve according to_the invention, see Fig. 1. In a well 2 a
casing 3 has been jqwered into the part initially drilled. -

The casing 3 ensures that the well does not collapse, and
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thereby forms an appropriate shaft for drilling to be
continued into the uncased part 4 of the well. In the
transition between the cased and uncased parts of the well is
disposed a transition shoe 5 forming a transition between the
relatively large diameter of the casing 3 and the smaller
diameter of the uncased well part 4. The downhole valve 1 is
connected between two drill pipes 12 and 13 and form part of
a drill string 14. The downhole valve 1 is built into the
drill string 14 at a distance, adjusted according to the well
conditions, from the lower end portion 15 of the drill string
14, to which the drill bit 16 is attached.

At its two end portions a valve houéing 20 of the downhole
valve 1 is provided with securing devices 21, 21°'
complementarily matching the threaded connectors 12' and 13
of the drill pipe, see Fig. 2. In the valve housing 20 there
is a bore 22 extending therethrough and forming a connéction
between the pipes 12 and 13. A valve 23, which may possibly
comprise several valves, is disposed in the valve housing 20
between the bore 22 and an annulus 24 formed between the
valve housing 20 and a distributor housing 25. In this
connection the valve 23 may possibly comprise several volume
flow controlling devices. TheAperiphery of the distributor
housing 25 is provided with openings in the form of one ore
more holes/slots 26 arranged to distribute the exiting
drilling fluid approximately equally round the valve housing
20. The downhole valve 1 will also work without the
distributor housing 25. The valve 23Ais opened and closed by
an actuator 27. In a preferred embodiment the actuator 27 is
operatéd electrically by a control device 28, batteries 29,
sensors 30 and eleétrical‘cables 31. The valve 23,Aaétuator‘
27 and the electrical control means 28 to 31 are all of

embodiments known in themselves, dand may be controlied, for
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example, in that the sensors 30 measure a value, for example
preésure or angular deviation exceeding a predetermined
value. The values are communicated to the control device 28
which outputs a signal through electrical cables 31 to the

actuator 27 opening the valve 23.

In a.typical work situation drilling fluid is pumped down
through the rotating drill string 14 out through several
openings 17 in the drill bit 16. The drilling fluid cools the
drill bit 16 and at the same time washes away the drilled
cuttings. Well fluid and cuttings then return towards the
surface through an annulus 4' forméd between the drill string
14 and thé well formation, and then further at reduced
velocity due to the increase in diameter, through an annulus
3' formed between the drill string 14 and casing 3. As
drilling proceeds and the length of the uncaséd well part 4
increases, the pressure of the drilling fluid must also be
increased in order for the increased flow resistance té be -
overcome. At a specific pressure the drilling fluid will
enter fhe formation and make it possible to maintain the same
flow rate. Thus, according to known technique, the rate of
the drilling fluid will’have to be reduced, which makes
settling of cuttings from the drillihg fluid increase, |
especially at the transition shoe 5 where there is a
reduction .in velocity. By opening of the valve 23 of the
downhole valve 1, drilling fluid will exit the drill string
14 into the annulus 3' upstream of the drill bit. The
drilling fluid flow rate may then be increased without an
increase in the pressure worth mentioning, and settled
cuttings are swept along by the drilling fluid and carried
out of the well bore. As the downhole valve 1 is displaced
past the transition shoe -5 into the uncased part 4 of the

well, another downhole valve 1 which is positioned further up
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in the drill string 14 may open. The first downhole valve 1

may, if desired, be closed autonomously or from the surface.

The downhole valve enables a relatively quick out-
circulation, and change of the specific gravity, of the
drilling fluid at the upper portion of the well. This is of
great importance when undesired situations arise in the well,
with well fluid entering the well, or when drilling fluid
enters the formation. As described above, the downhole valve
is operative during the entire drilling operation and may be
opened and closed any time without this causing interruption

to the drilling itself.

A valve according to the invention will considerably improve
the controllability of the hydraulic situation in a well,
while at the same time the time for handling known well

problems is reduced.
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CLAIMS

1. A downhole valve device (1) of the kind used in a drill
string (14) in a well (2) in the exploration and recovery of
petroleum deposits, comprising a valve housing (20), the
valve housing (20) being provided with at least one valve
(23), the valve (23) being arranged to open to the flow of
drilling fluid from the cavity of the drill string (14) to an
annulus (3', 4') between the well (2) and the drill string
(14), characterized 1in that based on measured
values of physical sizes such as pressure and well angle‘at
the downhole valve (1) and also on signals from the surface,
the valve (23) of the downhole valve (1) is arranged to
open/close by remote control and/or autonomously,
independently of or in accordance with. possible other
downhole valves (1) of an appropriate number and spacing
connected along the drill string (14) in order to adjust
finely the fluid flow through the valves (23) according to
the well conditions, thereby ensuring efficient drilling.

operation.

2. A device according to ciaim 1, character i‘z ed
in that the downhole valve (1) is provided with a
distributor housing (25), in which one or more openings/slots
(26) are distributed along the periphery of the distributor
housing (25) and arranged to distribute the fluid flowing
through the valve(s) (23), in such a way that it does not

damage the well formation.

3. A method by a downhole valve (1) of the kind used in a
drill string (14) in a well (2) in the exploration and

recovery of petroleum deposits, comprising one or more
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downhole valves (1) distributed along the drill string (14),
each comprising a valve housing (20), each valve housing (20)
being provided with at least one valve (23), the valve (23)
being arranged to open to the flow of drilling fluid from the
cavity of the drill string (14) to an annulus (3', 4')
between the well (2) and the drill string (14), cha -
racterized in thét prior to‘being lowered into
the well (2) the downhole valve (l) is set/programmed to
open/close the valve (23) completely or partially by means of

an actuator (27) when physical sizes of the well (2), e.g.

- pressure and/or inclination reaches a predetermined value.

4. A method according to claim 3, characterized
in that the downhole valve (l) is overridden/reprogrammed

from the surface.
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