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(54) INSTALLATION AND METHOD FOR MONITORING A DRILLING FLUID EXITING THE 
WELLBORE

(57) The disclosure relates to an installation for mon-
itoring a drilling fluid exiting a wellbore, the installation
comprising a main pipe for discharging the drilling fluid
out of the wellbore, a by-pass pipe having an inlet and
an outlet in fluid communication with the main pipe , and
a flow monitoring sensor situated in the by-pass pipe.
The installation further comprises at least one of a main

closing device for opening and/or closing the main pipe
and a by-pass closing device for opening and/or closing
the bypass pipe, and at least an additional sensor for
determining at least a parameter relative to the wellbore
and a control device for controlling at least one of the
main and by-pass closing devices in function of the pa-
rameter.
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Description

BACKGROUND

[0001] The disclosure is related to an installation for
the circulation of a drilling fluid exiting a wellbore, com-
prising a flow monitoring sensor.
[0002] Such installation comprise a discharge pipe for
discharging a drilling fluid with cuttings out of the wellbore
and a U-shaped by-pass pipe tapped on the discharge
pipe and a flow monitoring sensor in the by-pass pipe,
for assessing a parameter relative to the fluid such as a
Coriolis force exerted on the by-pass pipe, which leads
to determining the volume flow rate of the drilling fluid.

SUMMARY

[0003] The disclosure relates to an installation for mon-
itoring a drilling fluid exiting a wellbore comprising a main
pipe for discharging the drilling fluid out of the wellbore,
a by-pass pipe having an inlet and an outlet in fluid com-
munication with the main pipe , and a flow monitoring
sensor situated in the by-pass pipe. The installation also
comprises a main closing device for opening or closing
the main pipe and/or a by-pass closing device for opening
or closing the bypass pipe, an additional sensor for de-
termining a parameter of the wellbore and a control de-
vice for controlling the main or by-pass closing devices
in function of the parameter.
[0004] Such an installation may be controlled automat-
ically and is not subjected to human errors. It may also
adapt quickly to the present state of the wellbore.
[0005] The disclosure also relates to a method for mon-
itoring a drilling fluid exiting a wellbore, in an installation
comprising a main pipe for discharging the drilling fluid
out of the wellbore, a by-pass pipe having an inlet and
an outlet in fluid communication with the main pipe , a
flow monitoring sensor situated in the by-pass pipe as
well as a main closing device for opening or closing the
main pipe and/or a by-pass closing device for opening
or closing the bypass pipe. The method comprises de-
termining a parameter relative to the wellbore via an ad-
ditional sensor; and in function of the determined param-
eter, controlling the main closing device or the by-pass
closing device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various aspects of this disclosure may be better
understood upon reading the following detailed descrip-
tion and upon reference to the drawings in which:

FIG. 1 is a general diagram of a drilling rig comprising
an installation according to the disclosure.

FIG. 2 is a diagram of an installation according to an
embodiment of the disclosure;

FIG. 3 is a flow diagram of a general method accord-
ing to an embodiment of the disclosure;

FIG. 4 to 6 are flow diagrams of methods according
to several embodiments of the disclosure.

DETAILED DESCRIPTION

[0007] One or more specific embodiments of the
present disclosure will be described below. These de-
scribed embodiments are examples of the presently dis-
closed techniques. Additionally, in an effort to provide a
concise description of these embodiments, some fea-
tures of an actual implementation may not be described
in the specification. It should be appreciated that in the
development of any such actual implementation, as in
any engineering or design project, numerous implemen-
tation-specific decisions may be made to achieve the de-
velopers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may
vary from one implementation to another. Moreover, it
should be appreciated that such a development effort
might be complex and time consuming, but would still be
a routine undertaking of design, fabrication, and manu-
facture for those of ordinary skill having the benefit of this
disclosure.
[0008] When introducing elements of various embod-
iments of the present disclosure, the articles "a," "an,"
and "the" are intended to mean that there are one or more
of the elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that there
may be additional elements other than the listed ele-
ments. Additionally, it should be understood that refer-
ences to "one embodiment" or "an embodiment" of the
present disclosure are not intended to be interpreted as
excluding the existence of additional embodiments that
also incorporate the recited features.
[0009] Throughout the following, the terms "upstream"
and "downstream" are to be understood in relation to the
direction of flow of a fluid in a pipe.
[0010] An analysis assembly according to the inven-
tion is used, for example, in an installation for drilling an
oil production well.
[0011] As illustrated in FIG. 1, the installation 11 com-
prises a drilling duct 13 in a cavity 14 bored by a rotary
drilling tool 15, a surface installation 17, and an analysis
assembly 19 according to the an embodiment of the dis-
closure.
[0012] The drilling duct 13 is located in the cavity 14
bored in the sub-soil 21 by the rotary drilling tool 15. The
duct 13 comprises, at the surface 22, a well head 23
provided with a draining or discharge pipe 25 for taking
the drilling fluid out of wellbore.
[0013] The drilling tool 15 comprises a drilling head 27,
a drilling fitting 29, and a head 31 for the injection of liquid.
[0014] The drilling head 27 comprises a drill bit 33 for
boring through the rocks of the sub-soil 21. The drilling
head 27 is mounted on the lower portion of the drilling
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fitting 29 and is positioned at the bottom of the drilling
duct 13.
[0015] The fitting 29 comprises a set of hollow drilling
tubes. These tubes delimit an internal space 35 which
enables a liquid to be supplied from the surface 22 to the
drilling head 27. For that purpose, the head 31 for inject-
ing liquid is screwed onto the upper portion of the fitting
29.
[0016] The surface installation 17 comprises an instal-
lation 41 for supporting and rotatably driving the drilling
tool 15, an injector 43 for injecting the drilling liquid, and
a vibrating screen 45.
[0017] The injector 43 is connected hydraulically to the
injection head 31 in order to introduce a liquid and to
cause it to flow in the internal space 35 of the drilling
fitting 29.
[0018] When it reaches the bottom of the well, the drill-
ing fluid goes back to surface and exits the wellbore by
the discharge pipe 25.
[0019] The vibrating screen 45 collects the liquid which
is charged with drilling residues and which is discharged
from the discharge pipe 25, and separates the liquid from
the solid drilling residues. The drilling residues may then
be analyzed while samples of the drilling fluid are taken
to another pipe 51 for analysis of the gases extracted
from the wellbore and contained in the drilling fluid (not
shown here). The drilling mud from which cuttings have
been removed is recycled and taken back to the injector
43 via a pipe 47
[0020] An installation 50 for measuring the flow rate of
the drilling fluid is already set between the exit of the
wellbore and the vibrating screen 45. This installation will
be described in more details in view of FIG.2.
[0021] This installation 50 comprises a main pipe, ex-
tending essentially horizontally, corresponding to the dis-
charge pipe, and a by-pass pipe 52, U-shaped, in fluid
communication with the discharge pipe 25 comprising an
inlet 54 opening in the discharge pipe 25 at a first tapping
point and an outlet 56 also opening in the discharge point
at a second tapping point situated downstream from the
first tapping point. In particular, the by-pass pipe has a
first essentially vertical portion 55 portion extending
downwards from the inlet, a second essentially vertical
portion 57 extending downwards from the outlet 56 and
a linking portion 58 for linking first and second vertical
portion. "Essentially vertical" means that the portion has
a angle of less than 45° with the vertical axis, but the
vertical portions may be tilted relative to the vertical axis.
For instance, the first vertical portion 55 is tilted so as to
facilitate the entry of the drilling fluid in the bypass pipe.
[0022] The fluid coming from the wellbore and circu-
lating in the bypass pipe engage in the first vertical por-
tion, in the linking portion and then in the second vertical
portion to come back to the discharge pipe 25. A Coriolis
flowmeter 59, forming a flow monitoring sensor, is situ-
ated in the by-pass pipe, in the second vertical portion 57.
[0023] A trip tank pipe 60 is also in fluid communication
with the by-pass pipe and in particular tapped in the sec-

ond vertical portion 57 of the by-pass pipe downstream
from the Coriolis flow meter. This trip tank pipe leads to
a trip tank for receiving the drilling fluid when trip tank is
in use. The conditions in which the trip tank is in use are
determined in relation with the drilling. It may for instance
be used when tripping the drill string..
[0024] The installation also comprises several closing
devices, for instance valves, for interrupting the flow in
one of the pipes of the installation. In particular, the in-
stallation comprises a main closing device 62 for opening
and/or closing the discharge pipe 25. It is situated be-
tween the inlet 54 and outlet 56 of the by-pass pipe 52
in the discharge pipe 25.
[0025] It also comprises several by-pass closing de-
vices 64, 66 and 68 for opening and/or closing the by-
pass pipe 52. In particular, it comprises a first by-pass
closing device 64 situated in the first vertical portion 55
downstream of the inlet 54, a second by-pass closing
device 66 situated in the second vertical portion 57 up-
stream of the flow meter 59 and a third by-pass closing
device 68 situated in the second vertical portion down-
stream from the flow meter 59 and upstream from the
trip tank pipe 60.
[0026] Further, the installation comprises a trip tank
pipe closing device 70 for closing the trip tank pipe.
[0027] The valves or closing devices 62-70 are mova-
ble between a closed position in which they close the
associated pipe, ie prevent the fluid from circulating in
the associated pipe, and an open position, in which they
open the associated pipe, ie allow the fluid to circulate in
the associated pipe.
[0028] The installation also comprises sensors (not
shown) for monitoring the state of each of the closing
device 62-70. These sensors may be position sensors,
such as infrared, sonic or optical sensors.
[0029] It also comprises a device for determining the
mud level in the by-pass pipe 52. This device comprises
a sensor 72 situated at the bottom of the by-pass pipe
52, in its linking portion, for instance a pressure sensor
72. The device for determining the mud level also com-
prises a calculation unit for obtaining the level of mud in
the by-pass pipe 52 from the pressure taken by the pres-
sure sensor 72 and the density of the mud, obtained with
the flow monitoring sensor, i.e. in this example the Cori-
olis flow meter 59.
[0030] Other sensors may also be provided on the drill-
ing rig, such as a sensor for obtaining a drilling state of
a drill string or a parameter of the flow monitoring sensor.
The sensor for obtaining the mud level may also be a
level sensor such as sonic sensor, an optical or infrared
sensor, etc..
[0031] The installation also comprises a driving device
associated to each valve 62-70 for automatically chang-
ing the position of the valve and a control device for con-
trolling the driving devices. The control device is in data
communication with the sensors, such as sensor 72 and
is configured to control the operation of the valves 62-70
in function of the data obtained from the sensors.
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[0032] The control device comprises in particular a
memory for storing data obtained from each sensor and
a processor for executing instructions also recorded in
the memory. The control device may be at the rig site or
remote from the rig site.
[0033] The control device may also control the valves
in function of commands obtained from an operator via
a dedicated interface.
[0034] The installation may also comprise a back-up
control device in case there is a failure of the control
device. The back-up control device may for instance
comprise a pneumatic control device provided with an
interface triggered manually by the user so as to control
the driving devices, in function of a command of the user
on the interface. The back-up control device may be ac-
tivated during the whole drilling process or solely at par-
ticular moments of the drilling process, for instance when
operator triggers manually the activation or when com-
munication between the control device and the sensors
and/or valves is lost.
[0035] It may be noticed that the installation disclosed
in this specification is an embodiment of the disclosure.
For instance, the installation may not comprise five
valves but only one in the discharge pipe and one in the
by-pass pipe for instance. It may also comprise additional
sensors compared to the ones that have been disclosed,
less sensors and/or different sensors than what has been
disclosed. The flow monitoring sensor may also be any
type of flowmeter such as electromagnetic, ultrasonic,
etc. The installation may not comprise a trip tank pipe,
and/or the trip tank pipe may be tapped in the main pipe
upstream of the by-pass pipe.
[0036] Now that the installation has been disclosed,
the general method 100 associated will also be disclosed
in reference to FIG.3.
[0037] First, the drill string is set in the borehole and
the injection head is turned on so that injection of fluid
and drilling in the wellbore may begin (box 102). The
sensors associated to each of the valve 62-70, sends to
the control device the state (open or close) of each of the
valves and the sensors associated to the drill string, the
discharge pipe, the by-pass pipe, the flow meter or any
other element of the wellbore are also sending data to
the control device (box 104) . Optionally, the control de-
vice or a calculation unit separated from the control de-
vice performs a calculation with the data obtained from
different sensors, for instance as explained earlier in re-
lationship with the mud level (box 106).
[0038] Then, the control device compares at least one
of the parameter relative to the wellbore obtained from
the sensor data to a predetermined value (box 108). This
may comprise comparing the state of one of the element
of the wellbore (such as the open of closed state of a
valve) with a predetermined state or comparing a meas-
ured value sent by one sensor with a threshold value.
Several comparisons or a sequence of comparisons may
be performed at box 108.
[0039] In view of the results of the comparison, the con-

trol device may send a command to the driving device
associated to one of the valves to trigger its opening or
its closing (box 110).
[0040] The method may perform these actions contin-
uously so that the appropriate valves open or close in
function of any event that happens at the rig site.
[0041] Actions that may be performed according to the
preceding method will also be disclosed below in rela-
tionship with FIG.4 to 6.
[0042] Generally, when the flowmeter is not in opera-
tion, valves 64-70 of the by-pass pipe and trip tank pipe
52, 60 are closed while valve 62 from the main pipe is in
an open position. The method 110 may then be applied.
When the operator triggers the operation of the flowmeter
(box 112), the control device commands the opening of
the valves 64-70 (box 114). Then, it compares the state
of the valves 64-68 with a predetermined value (i.e. "open
state") -box 116- and if the state of all the valves matches
the predetermined value, it closes the valve 62 of the
discharge pipe (box 118). If the state of one of the valve
does not match the predetermined value, it commands
the associated driving device to open it (box 114 again)
and does not close the valve 62 until valves 64-68 have
been closed.
[0043] Method 110 may also be triggered when a
change of the drilling state is detected. The flowmeter
may for instance be automatically operated when the
drilling begins.
[0044] When the flowmeter is in operation, method 120
may be applied. Sensor 72 measures the pressure at the
bottom of the by-pass pipe (box 122) and sends the
measured data to the control device that calculates the
mud level with the help of the data otherwise obtained
from the flowmeter (box 124). Then the control device
compares the measured mud level with a threshold value
(box 126). If the mud level does not exceed the prede-
termined value, no action is taken and the method goes
back to box 122 for monitoring the data obtained from
the sensors. If the mud level exceeds the threshold level,
then the control device control the driving device asso-
ciated with valve 62 to open this valve (box 128).
[0045] When valve 62 has been opened, the state of
the valve obtained from position sensor associated with
valve 62 are then compared (box 130) to a predetermined
state ("open state"). If it indicates that this valve is in open
position, the control device commands the driving devic-
es associated with valves 64, 66 to move these valves
in a closed position (box 132). Overflow of the drilling
fluid exiting the wellbore may then be avoided.
[0046] If valve 62 is not open, the method goes back
to box 128. It may also comprise communication with the
operator in case the valve does not open after several
trials, so the operator can close it manually from the back-
up control device and/or order maintenance.
[0047] Another method 140 may be implemented for
concerning the trip tank. The drilling state is obtained
from a device remote from the control device and the
data relative to valve 70 are obtained from the associated
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sensor (box 142). The state of the valve is determined
and is compared to the "open" state (box 144). Whatever
the state of the valve, the drilling state is compared with
the predetermined value "tripping" (box 146 and
148).When the valve is open and when the rig activity
corresponds to tripping, no action is taken and the rig
activity continues to be monitored. The same applies
when the valve is closed and the drilling state is not iden-
tified as "tripping" But when the drilling state is identified
as "non-tripping" and the valve is open, the control device
commands the closing of the valve 70 of the trip tank pipe
(box 150). On the contrary, when the drilling state is iden-
tified as "tripping" and the valve is closed, the control
device commands the opening of the valve 70 of the trip
tank pipe so that the drilling fluid may reach the trip tank
(box 152). Once these actions have been taken, the
method goes back to box 142 so that the parameters are
monitored continuously.
[0048] Although the preceding description has been
described herein with reference to particular means, ma-
terials and embodiments, it is not intended to be limited
to the particulars disclosed herein; rather it extends to
functionally equivalent structures, methods and uses,
such as are within the scope of the appended claims.
[0049] For instance, the methods 110, 120, 140 are
embodiments of the disclosure but many other methods
for controlling the closing devices in function of parame-
ters relative to the wellbore are included in the scope of
the disclosure. For instance, valves 66, 68 may be closed
when it is determined that a calibration of the flowmeter
59 is needed, for instance before operating the flow meter
59. Valves 66, 68 may be re-opened when the flowmeter
59 acknowledges that calibration has been done.
[0050] Further, these methods may be performed si-
multaneously, and/or combined in a master method that
would handle all the valves and parameters relative to
the well at once.
[0051] It may also comprise performing closing a valve
when the operator commands it or monitoring the state
of the valves and firing an alarm when the state of the
valve changes without prior notice from the control de-
vice.
[0052] The disclosure generally relates to an installa-
tion for monitoring a drilling fluid exiting a wellbore, the
installation comprising a main pipe for discharging the
drilling fluid out of the wellbore, a by-pass pipe having an
inlet and an outlet in fluid communication with the main
pipe , and a flow monitoring sensor situated in the by-
pass pipe, wherein the installation further comprises at
least one of a main closing device for opening and/or
closing the main pipe and a by-pass closing device for
opening and/or closing the bypass pipe, and at least an
additional sensor for determining at least a parameter
relative to the wellbore and a control device for controlling
at least one of the main and by-pass closing devices in
function of the parameter.
[0053] The parameter may be relative to one of the
following elements :

- a drill string situated in the wellbore,
- the main pipe or the bypass pipe,
- the first and/or the second closing device,

[0054] - the flow monitoring sensor.It may for instance
be a mud level in the by-pass pipe, which may avoid
overflow of the by-pass pipe.
[0055] It may as well be a state of the main or of the
by-pass closing device. In particular, the control device
may control the main, respectively by-pass, closing de-
vice in function of a parameter relative to the by-pass,
respectively main, closing device.
[0056] The parameter relative to the drill string may
also be a rig activity, such as drilling, tripping, etc. so as
to trigger the flow monitoring sensor when appropriate
only.
[0057] The main closing device may be situated down-
stream from the inlet of the by-pass pipe and upstream
from the outlet of the by-pass pipe.
[0058] The by-pass pipe may comprise several by-
pass closing devices situated at different locations in the
bypass pipe, for instance upstream and downstream of
the flow monitoring device.
[0059] A trip tank pipe may also be tapped in the by-
pass pipe, an outlet of the trip tank pipe being in fluid
communication with a tank for receiving the drilling fluid,
the installation further comprising a trip tank pipe closing
device for opening and/or closing the trip tank pipe. The
trip tank pipe closing device may be controlled in function
of at least one of the parameters measured by at least
one of the additional sensors.
[0060] The flow monitoring device may be a Coriolis
flow meter, or an electromagnetic flow meter, or a capac-
itive flow meter, or an ultrasonic flowmeter.
[0061] A driving device may be associated to each of
the closing device, the control device being configured
to command the operation of the driving device.
[0062] The disclosure also relates to a method for mon-
itoring a drilling fluid exiting a wellbore, in an installation
comprising a main pipe for guiding the drilling fluid out of
the wellbore, a by-pass pipe having an inlet and an outlet
in fluid communication with the main pipe and a flow mon-
itoring sensor situated in the by-pass pipe, wherein the
installation further comprises at least one of a main clos-
ing device for opening and/or closing the main pipe and
a by-pass closing device for opening and/or closing the
bypass pipe wherein the method comprises

- determining a parameter relative to the wellbore via
an additional sensor;

- in function of the measured parameter, controlling
one of a main closing device and a by-pass closing
device.

[0063] The method may comprise :

- determining a parameter relative to the wellbore
comprises measuring a level of drilling fluid in the
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by-pass pipe,
- if the level of drilling fluid is higher than a predeter-

mined level, opening the main closing device so that
drilling fluid flows in the main pipe.

[0064] The method may also comprise :

- determining the state of the main closing device,
- if the main closing device is in an open state, closing

the by-pass closing device.

Claims

1. Installation for monitoring a drilling fluid exiting a well-
bore, the installation comprising a main pipe for dis-
charging the drilling fluid out of the wellbore, a by-
pass pipe having an inlet and an outlet in fluid com-
munication with the main pipe , and a flow monitoring
sensor situated in the by-pass pipe,
wherein the installation further comprises at least
one of a main closing device for opening and/or clos-
ing the main pipe and a by-pass closing device for
opening and/or closing the bypass pipe,
wherein the installation further comprises at least an
additional sensor for determining at least a param-
eter relative to the wellbore and a control device for
controlling at least one of the main and by-pass clos-
ing devices in function of the parameter.

2. Installation according to claim 1, wherein the param-
eter is relative to one of the following elements :

- a drill string situated in the wellbore,
- the main pipe or the bypass pipe,
- the main and/or the by-pass closing device,
- the flow monitoring sensor.

3. Installation according to claim 2, wherein the or at
least one of the parameters is a level of mud in the
by-pass pipe.

4. Installation according to claim 2, wherein the or at
least one of the parameters is a state of the main or
of the by-pass closing device.

5. Installation according to the preceding claim, where-
in the control device controls the main, respectively
by-pass, closing device in function of a parameter
relative to the by-pass, respectively main, closing
device.

6. Installation according to claim 2, wherein the or at
least one of the parameters relative to the drill string
is a rig activity.

7. Installation according to any of the preceding claims,
wherein the main closing device is situated down-

stream from the inlet of the by-pass pipe and up-
stream from the outlet of the by-pass pipe.

8. Installation according to any of the preceding claims,
wherein the by-pass pipe comprises several by-pass
closing devices situated at different locations in the
bypass pipe.

9. Installation according to any of the preceding claims,
wherein a trip tank pipe is tapped in the by-pass pipe,
an outlet of the trip tank pipe being in fluid commu-
nication with a tank for receiving the drilling fluid, the
installation further comprising a trip tank pipe closing
device for opening and/or closing the trip tank pipe.

10. Installation according to the preceding claim, where-
in the trip tank pipe closing device is controlled in
function of at least one of the parameters measured
by at least one of the additional sensors. /

11. Installation according to the preceding claims,
wherein the flow monitoring device is a Coriolis flow
meter, or an electromagnetic flow meter, or a capac-
itive flow meter, or an ultrasonic flowmeter.

12. Method for monitoring a drilling fluid exiting a well-
bore, in an installation comprising a main pipe for
guiding the drilling fluid out of the wellbore, a by-pass
pipe having an inlet and an outlet in fluid communi-
cation with the main pipe , and a flow monitoring sen-
sor situated in the by-pass pipe, wherein the instal-
lation further comprises at least one of a main closing
device for opening and/or closing the main pipe and
a by-pass closing device for opening and/or closing
the bypass pipe wherein the method comprises :

- determining a parameter relative to the well-
bore via an additional sensor;
- in function of the measured parameter, con-
trolling one of a main closing device and a by-
pass closing device.

13. Method according to the preceding claim, wherein :

- determining a parameter relative to the well-
bore comprises measuring a level of drilling fluid
in the by-pass pipe,
- if the level of drilling fluid is higher than a pre-
determined level, opening the main closing de-
vice so that drilling fluid flows in the main pipe.

14. Method according to the preceding claim, further
comprising :

- determining the state of the main closing de-
vice,
- if the main closing device is in an open state,
closing the by-pass closing device.
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