wo 2013/005091 A2 || PF V0000 0 R OO A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

10 January 2013 (10.01.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/005091 A2

(51
eay)

(22)

(25)
(26)
(30)

1

1

1

1

1

International Patent Classification: Not classified

International Application Number:
PCT/IB2012/001304

International Filing Date:

29 June 2012 (29.06.2012)
Filing Language: English
Publication Language: English
Priority Data:
61/503,655 1 July 2011 (01.07.2011) US

Applicant (for AL, AM, AU, AZ, BF, BG, BJ, BY, CF, CG,
Cl, CM, CO, CZ, DE, DK, GA, GN, GO, GR, GW, HU, ID,
IE, IL, IT, KG, KP, KR, KZ, LT, MD, ML, MR, MX, MY,
NE, NO, NZ, OM, PL, O4, RO, RU, SI, SK, SN, TD, TG,
TH, TJ, TM, TN, TR, TT, UZ, ZA only): SCHLUMBER-
GER TECHNOLOGY B.V. [NL/NL]; Parkstraat 83-89,
NL-2514 JG The Hague (NL).

Applicant (for GB, JP, NL only): SCHLUMBERGER
HOLDINGS LIMITED; P.O. Box 71, Graigmuir Cham-
bers, Road Town, Tortola (VG).

Applicant (for CA only): SCHLUMBERGER CANADA
LIMITED [CA/CA]; 525-3rd Avenue Southwest, Calgary,
Alberta T2P-0G4 (CA).

Applicant (for FR only): SERVICES PETROLIERS
SCHLUMBERGER [FR/FR]; 42 rue Saint Dominique, F-
75007 Paris (FR).

Applicant (for all designated States except AU, CA, CO,
CZ, DE, DK, FR, GB, GR, HU, ID, IE, IL, IT, LT, MX,

@y

72
(75)

(74

(8D

MY, NL, NO, NZ, OM, PL, QA, RO, SI, TN, TR, TT, US,
UZ, 7Z4): PRAD RESEARCH AND DEVELOPMENT
LIMITED; Craigmulr Chambers, P.O. Box 71, Road
Town, Tortola (VG).

Applicant (for KR only): SCHLUMBERGER SEACO,
INC. [PA/KR]; 2nd Floor, Jun-il Buiding, Seocho-Dong,
Seoul 1579-9 (KR).

Inventors; and

Inventors/Applicants (for US only): JOHNSON, Ashley,
Bernard [GB/GB]; Schlumberger Cambridge Research,
High Cross, Madingley Road, Cambridge CB3 OEL (GB).
HAMMOND, Paul, Simon [GB/GB]; Schlumberger Cam-
bridge Research, High Cross, Madingley Road, Cambridge
CB3 OEL (GB). ODDIE, Gary, Martin [GB/GB],
Schlumberger ~Cambridge Research, High Cross,
Madingley Road, Cambridge CB3 OEL (GB). XIE, Cheng-
gang [GB/GB]; Schlumberger Cambridge Research, High
Cross, Madingley Road, Cambridge CB3 OEL (GB).

Agents: GAHLINGS, Steven, A. et al.; Intellectual Prop-
erty Law Department, Schlumberger Cambridge Research
Limited, High Cross, Madingley Road, Cambridge CB3
OEL (GB).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

[Continued on next page]

(34

Title: MULTIPHASE FLOWMETER

=y

I~

N —

1

/w1 0

|

20
Venturi 1

Choke

Figure 1

Venturi 2

(57) Abstract: A multiphase flow meter comprising two Venturis separated by a choke. The choke may be varied to adjust the prop -
erties of the multiphase fluid flow being measured. The two Venturis may be identical and may be arranged horizontally with respect
to the multiphase fluid flow. The choke may be a choke in a return line of a managed pressure drilling system.



WO 2013/005091 A2 WK 00TV VAT 0TV A0 A

84)

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARTIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2013/005091 PCT/IB2012/001304
1

MULTIPHASE FLOWMETER
BACKGROUND

[0001] The present invention relates to a method and a system for measuring properties
of multiphase flows. More particularly, but not by way of limitation, methods and systems
for measuring flow rates of multiphase flows in managed pressure drilling operations are

described.

[0002] The drilling of a borehole is typically carried out using a steel pipe known as a
drillstring thét is coupled with a drill bit on its lowermost end. The entire drillstring may be
rotated using an over-ground drilling motor, or the drill bit may be rotated independently of
the drill string using a fluid powered motor or motors mounted on the drillstring just above
the drill bit. As drilling progresses, a flow of drilling fluid is used to carry the debris created
by the contact between the drill bit and the formation being drilled during the drilling
process out of the wellbore. The drilling fluid is pumped through an inlet line down the
drillstring and through the drill bit, and returns to the surface via an annular space between

the outer diameter of the drillstring and the borehole (generally referred to as the annulus).

[0003] Drilling fluid is a broad drilling term that may cover various different types of
drilling fluids. The term ‘drilling fluid’ may be used to describe any fluid or fluid mixture
used during drilling and may cover such things as air, rﬁtrogen, misted fluids in air or
nitrogen, foamed fluids with air or nitrogen, aerated or nitrified fluids, drilling mud to

heavily weighted mixtures of oil or water with solid particles.

[0004] The drilling fluid flow through the drillstring may be used to cool the drill bit.
In conventional overbalanced driliing, the density of the drilling fluid is selected so that it
produces a pressure at the bottom of the borehole (“the bottom hole pressure” or “BHP”),
which is high enough to counter-balance the pressure of fluids in the formation surrounding
the borehole (often referred to as the “formation pore pressure"). By counter-balancing the
pore pressure, the BHP acts to prevent the inflow of fluids from the formations surrounding
the borehole into the borehole that is being drilled. However, if the BHP falls below the
formation pore pressure, formation fluids, such as gas, oil and/or water may enter the
borehole and produce, what is referred to in the drilling industry as a kick. By contrast, if
the BHP is very high, the BHP may be higher than the fracture strength of the formation

surrounding the borehole, and this high BHP may then result in fracturing of the formation

CONFIRMATION COPY
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surrounding the borehole, which may in turn lead to loss of fluid from the borehole into the
formation. Consequently, when the formation is fractured in this way, the drilling fluid may
enter the formation and be lost from the drilling process. This loss of drilling fluid from the
drilling process may cause a reduction in BHP and as a consequence cause a kick as the

BHP falls below the formation pore pressure.

[0005] In order to overcome the problems of kicks and/or fracturing of formations
during drilling, a process known as managed pressure drilling (“MPD”) has been developed.
In MPD various techniqueé may be used to control the BHP during the drilling process.
These techniques may include flowing a gas into the borehole in order to reduce the BHP

that is created by fluids, mainly drilling fluids in the borehole.

[0006] In MPD, the outflow from the borehole being drilled may be measured to monitor
the MPD operation, including monitoring changes in the outflow rate and the outflow gas
fraction. The outflow data may be used for influx/efflux detection as well as for
determining gas distribution for monitoring and control purposes. Often the multiphase
fluid coming out of the borehole has a high gas fraction and as a result measuring the flow

rates of the outflow/phases of the outflow may be problematic.
BRIEF SUMMARY OF THE DISCLOSURE

[0007] In one embodiment, a system for measuring one or more flow characteristics of a
multiphase fluid flow is provided, the system comprising: a first Venturi; a first pfessure
sensor configured to measure a first pressure in the throat of the first Venfuri; a first
differential pressure sensor configured to measure a first differential pressure between the
throat of the first Venturi and a location upstream or downstream of the throat of the first
‘Venturi; a second Vénturi; a second pressure sensor configured to measjure a second
pressure in the throat of the second Venturi; a second differential pressure sensor configured
to measure a sécond differential pressure between the throat of the second Venturi and a
location upstream or downstream of the throat of the second Venturi; and a choke disposed

between the first and the second Venturis.

[0008] In a further embodiment, a method for measuring one or more flow characteristics
of a multiphase fluid flowing through a conduit is provided, comprising: flowing the

multiphase fluid flow through a first Venturi and a second Venturi; choking the multiphase
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fluid flow, wherein the multiphase fluid flow is choked at a location in the conduit between
the first Venturi and the second Venturi; measuring a first pressure in a throat of the first
Venturi; measuring a first differential pressure between the throat of the first Venturi and a
first position in the conduit upstream or downstream of the throat of the first Venturi;
measuring a second pressure in the throat of the second Venturi; measuring a second
differential pressure between the throat of the second Venturi and a second position in the
conduit upstream or downstream of the throat of the second Venturi; and using the first and
the second pressures and the first and the second differential pressures to process the one or

more flow characteristics of the multiphase fluid flow.

[0009] In some embodiments of the present invention, the first and the second Venturis
may be identical. In an embodiment of the present invention, a choke may be used to
pfovide that flow properties of a multiphase mixture being investigated are different in the
first and the second Venturis. In certain aspects, the choke may be varied to alter the flow

properties of the multiphase mixture in the first Venturi and/or the second Venturi.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The present disclosure is described in conjunction with the appended figures:

Figure 1 illustrates a multiphase flowmeter, in accordance with an embodiment of

the present invention;

Figure 2A illustrates a managed pressure drilling system to which a multiphase
flowmeter, in accordance with an embodiment of the present invention, may7 be attached to
determine flow properties of a multiphase mixture flowing in the managed pressure drilling

system;

Figure 2B illustrates a multiphase flowmeter for use in the managed pressure

drilling system of Fig. 2A, in accordance with an embodiment of the present invention; and

Figure 3 is a flow-chart type illustration of a method for measuring properties of a

multiphase flow, in'accordance with an embodiment of the present invention.

[0011] In the appended figures, similar components and/or features may have the same

reference label. Further, various components of the same type may be distinguished by
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following the reference label by a dash and a second label that distinguishes among the
similar components. If only the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first

reference label irrespective of the second reference label.
DESCRIPTION

[0012] Specific details are given in the following description to provide a thorough
understanding of the embodiments. However, it will be understood by one of ordinary skill
in the art that the embodiments maybe practiced without these specific details. For example,
circuits may be shown in block diagrams in order not to obscure the émbodiments in
unnecessary detail. In other instances, well-known circuits, ‘processes, algorithms,
structures, and techniques may be shown without unnecessary detail in order to avoid

obscuring the embodiments.

[0013] Also, it is noted that the embodiments may be described as a process which is
depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as a sequential process, many
of the operations can be performed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process is terminated when its operations are completed,
but could have additional steps not included in the figure. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram, etc. When a process
corresponds to a function, its termination corresponds to a return of the function to the

calling function or the main function.

[0014] Moreover, as disclosed herein, the term "storage medium" may represent one or
more devices for storihg data, including read only memory (ROM), random éccess memory
(RAM), magnétic RAM, core memory, magnetic disk storage mediums, optical storége
mediums, flash memory devices and/or other machine readable mediums for storing
information. The term "computer-readable medium" includes, but is not limited to portable
or fixed storage devices, optical storage devices, wireless channels and various other

mediums capable of storing, confaining or carrying instruction(s) and/or data.

[0015] Furthermore, embodiments may be implemented by hardware, software, firmware,
middleware, microcode, hardware description languages, or any combination thereof. When

‘implemented in software, firmware, middleware or microcode, the program code or code
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segments to perform the necessary tasks may be stored in a machine readable medium such
as storage medium. A processor(s) may perform the necessary tasks. A code segment may
represent a pfocedure, a function, a sﬁbprogram, a program, a routine, a subroutine, a
module, a software package, a class, or any combination of instructions, data structures, or
program statements. A code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters, or
memory contents. Information, arguments, parameters, data, efc. may be passed, forwarded,
or transmitted via any suitable means including memory sharing, message passing, token

passing, network transmission, etc.

[0016] Figure 1 illustrates a multiphase flowmeter in accordance with one embodiment of
the present invention. In an embodiment of the present invention, a flowmeter 3 comprises
a first Venturi 5 and a second Venturi 10 separated by a choke 15. In some aspects the first
Venturi 5 and/or the second Venturi 10 may comprise an orifice plate, a flow restrictor

and/or the like.

[0017] In operation, the flowmeter 3 is coupled with a section of pipe (not shown) and a
multiphase hydrocarbon mixture in the section of pipe produces a fluid flow 20 through the
flowmeter 3. As the multiphase mixture flows through the flowmeter 3, a first pressﬁre
sensor 30 may measure a pressure P; in a first throat 7 of the first Venturi 5. The pressure
sensor 30 and/or a combination of multiple pressure sensors may be used to measure a
differential pressure AP, between the pressure P; in the first throat 7 of the first Venturi 5

and a pressure upstream or downstream of the first Venturi 5.

[0018] A second pressure sensor 33 may be used to measure a pressure P, in a second
throat 12 of the second Venturi 10. The second pressure sensor 33 and/or a combination of
multiple pressure sensors may be used to measure a differential pressure AP, between the
pressure P, in a second throat 12 of the second Venturi 10 and a prevssure upstream or

downstream of th¢ second Venturi 10.

[0019] In an embodiment of the present invention, the choke 15 is disposed between the
first Venturi 5 and the second Venturi 10. In an embodiment of the present invention, the
choke 15 may be used to alter the flow characteristics of the fluid flow 20 flowing through

the first Venturi 5 and/or the second Venturi 10. In certain embodiments of the present
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invention, the pressure P; and/or pressure P, and/or the differential pressure AP; and/or the
* differential pressure AP, may be used to determine flow characteristics/flow rates of the

fluid flow 20.

[0020] In some embodiments, the choke 15 may be used to change th¢ flow properties of
the fluid flow 20 and flow characteristics/flow rates for the different flows produced by the
alteration of the choke 15 may be determined from ﬁressure measurements/differential
pressure measurements made iﬁ at least one of the two Venturis. In other embodiments, the
choke 15 may be used to change the flow properties of the fluid flow 20 in the two Venturis
so that characteristics of the fluid flow 20 may be determined from pressure measurements
made in one or both of the two Venturis. In some embodiments, a processor 36 may be
used to process the flow characteristics/flow rates of the fluid flow20 through each and/or
both of the two Venturis and/or properties of the multiphase mixture making up for the fluid
flow 20 from the pressure measurements/differential pressure measurements. Additionally
the processor 36 and/or one or more additional processors may be used to control the choke

15 and/or receive signals from the choke 15 regarding the operation of the choke 15.

[0021] In one embodiment of the present invention, the first and the second Venturis
may7 be identical. For example, the first and the second Venturis may7 have equivalent
throat dimensions and equivalent inflow and outflow dimensions. In such embodiments, the
choke 15 may be used to provide that the flow properties of a multiphase mixture flowing
through the multiphase flowmeter 3 are different in the first Venturi 5 than they are in the
second Venturi 10. Moreover, in some embodiments, the choke 15 is configured to be a
variable choke and flow in at least one of the Venturis may be changed by varying the
choke. In such aspects, the choke 15 may be varied so that the multiphase mixture flow can

be measured by the multiphase flowmeter 3.

[0022] In an embodiment of the present invention, Venturi theory may be used to process
the pressure measurements according to the following relationships for the multiphase

flowmeter:

. z
AP =K P )

Povizes

and
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Ap2=1(2§:—i:5 2)
where:
K = (1-B1H/(2Cq; Alej | (3a)
and Kp=(1-.Y/(2Ca ATZ_Z) : (3b)
where:

C4 is the Venturi discharge coefficient;

Ar is the throat cross-sectional area for the Venturi;

B is the ratio of Venturi throat diameter to its inlet diameter;

My, is the total mass flow rate of the multiphase mixture flowing through the multiphase
flowmeter (which is the same at each Venturi in the multiphase ﬂoneter); and

Pmix 1S the flowing mixture density at the Venturi throat (which will not be the same at each

Venturi because of the pressure drop and consequent gas expansion across the choke 15).

[0023] In an embodiment of the present invention, using the assumption of isothermal gas
expansion, (which may be corrected in some embodiments of the present invention using
temperature measurements made in the multiphase flowmeter using temperature sensors

(not shown)) gives the following:.

P
Pgz = Pga ;,f . 4)
where:
P; is the pressure at the throat of the i-th Venturi.

 [0024] In certain aspects of the present invention, if the two Venturis are configured to be

horizontal, there is no need to consider slip, so that:

. Mo

p'm - Mg oy (5)
—Z 4t
Pg PU .

where:

i, and m, are the mass flow rates of a gas phase and a liquid of the multiphase mixture

flowing through the flowmeter 3, which, again, are the same for both the first Venturi 5 and

the second Venturi 10; and
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pgand p; are the densities of the liquid phase and the gas, respectively.

[0025] In some embodiments of the present invention the densities of the phases of the
multiphase mixture may be known functions of the pressure and temperature of the
multiphase mixture. In other embodiments of the present invention, the densities of the
phases of the multiphase mixture may be calculated, measured, known from prior
experience and/or the like. Merely by way of example, in the hydrocarbon industry, the
densities of the phases of a multiphase mixture may be known from previous experience

with a particular well, from sampling from the well and/or the like.

[0026] In embodiments of the present invention, the above equations are processed by
substitution to yield the gas phase and liquid phase flow rates of the multiphase mixture
flowing in the section of pipe. Merely by way of example, in some embodiments, the
flowmeter 3 may be configured with two identical Venturis. In such embodiments,

assuming no slip, this configuration provides that:

’ﬂ!g my

gt
& — Pmixa __ Pgs P (6)
AP, Pmixs Mg Py, ™ ’

pgafa2 Py

and hence

] Y B BN
Pgs 'z Py P APy

which equation can be substituted into equation (1) above to calculate the mass flow rates of

the liquid phase and/or the gas phase of the fluid flow 20:

] 188\ 1 4%
AP, = Z.Iﬁi l.g_pii_gg_ 14.__&
1T AP P, AP P
Py p AR 1\ ARP

so that;
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. AP, p, 1
my; = ,
> L _ APy LB
: Pg1 AP, - AP
14+ —2 J{1+——>"3
e 5P \1TERE
N AP, P, AP, P, 9)
and
I—AP‘
w =PaL ar;  |8%py 1
9 ARP | R _#P , 1-%
, P, 1+fﬁ AP, }; 14 AP,
o 3PP, _ J\ 1T AR
AP, P, AP, P, (10

[0027] In embodiments of the present invention, the preceding equations may be used with
an appropriate slip model to correct the processed fluid properties for slip. The slip models
may be based on experimentation, experience, modeling, theory and/or the like. The slip
models may in some aspects be tuned to the expected properties of the fluid flow 30. In
certain aspects, the equation set for determining the flow rates of the multiphase mixture

flow may need to be solved by numerical means.

[0028] In some embodiments, orifice plate flow meters may be used instead of or in
combination with the first/second Venturi flow meters. In certain embodiments of the
present invention, the flowmeter described herein may be used for managed pressure
drilling (“MPD”) applications. In embodiments of the present invention, such as
embodiments used in MPD, flow history of the multiphase mixture may be known from
other measurements made during the MPD process or the like, and this known flow history
may be used to calibrate/auto calibrate the flowmeter 3. For example, the flowmeter of the
present application may be calibrated during known flow conditions, i.e. wh‘ére the flow is a

single phase or the like, or calibrated by a surface/topside multiphase flow meter.

[0029] Managed pressure drilling is a drilling method that allows for reduction of the mud
weight while retaining the ability to safely control initial reservoir pressures. Managed
pressure drilling (“MPD”) may be used to control the pressure during the drilling process to
address the issues of kicks, loss of circulation of drilling fluid due to egress of the drilling
fluid through fractures into the formation, formation fracturing, formation damage, or
formation collapse. MPD may be particularly applicable when the formation pressure has

fallen below the original formation pressure or a narrow operational window exists between
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the BHP at which the formation will fracture ("the fracture pressure") and the formation

pressure.

[0030] In MPD, the annulus may be closed using a pressure containmént device. This
device includes sealing elements, which engage with the outside surface of the drillstring so
that flow of fluid between the sealing elements and the drill string is substantially prevented,
The sealing elements may allow for rotation of the drillstring in the borehole so that the drill
bit on the lower end of the drillstring may be rotated. A flow control device may be used to
provide a flow path for the escape of drilling fluid from the annulus. After the flow control
device, a pressure control manifold with at least one adjustable choke or valve may be used
to control the rate of flow of drilling fluid out of the annulus. When closed during drilling,
the pressure containment device creates a back pressure in the wellbore, and this back
pressure can be controlled by using the adjustable choke or valve on the pressure control
manifold to control the degree to which flow of drilling fluid out of the annulus/riser

annulus is restricted.

[0031] During MPD an operator may monitor and compare the flow rate of drilling fluid
into the drill string with the flow rate of drilling fluid out of the annulus to detect if there has
been a kick or if drilling fluid is being lost to the formation. A sudden increase in the
volume or volume flow rate out of the annulus relative to the volume or volume flow rate
into the drill string may indicate that there has been a kick. By contrast, a sudden drop in
the flow rate out of the annulus relative to the flow rate into the drillstring may indicate that

the drilling fluid has penetrated the formation.

[0032] In some MPD procedures, gas may be pumped into the annulus between the
drillstring and the borehole wall in order to reduce bottomhole-pressure while drilling.
However, initiating the process of gas injection into the annulus so that the bottomhole
pressure remains under control can be problematic as it can produce large fluctuations in
well pressure and achieving a steady-state may take hours of unproductive time and large

volumes of gas.

[0033] Annular gas injection is a process for reducing the bottomhole-pressure in a well.
In many annular gas injection systems, in addition to casing in the well, the casing being a
tubing that lines the borehole and may in some cases be cemented to the wall of the

borehole, there is a secondary annulus.. This secondary annulus may be connected by one or
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more orifices at one or more depths to the primary annulus, through which the drilling fluids

flow.

[0034] A concentric casing injection system comprises a gas injection annulus that
surrounds a drilling annulus, which drilling annulus also referred to herein as an inner
annulus is formed between a drillstring disposed in the bbrehole and a casing string lining
the borehole. The gas injection annulus éomprises an annulus between the casing string that
forms the drilling/inner annulus, for clarity referred to as a first casing string, and a second
casing string disposed concentrically around the first casing string. Gas is pumped into the
gas injection annulus and through injection ports into the drilling annulus. During gas
injection procedures, the concentric casing injection system may become/be unstable
because of among other things the combination of the large volume and compliance of the
gas in the injection annulus along with the history dependent hydrostatic head of the drilling
annulus. During gas injection, oscillations in bottomhole pressure of up to 2000 psi with a
duration of more than two (2) hours have been recorded. The concentric. casing injection
system can be damped to prevent such large and/or long-duration oscillations by reducing
the size/area of the injection ports. However, restricting the size of the injection ports can
make it almost impossible for the gas injection system to displace mud out of the gas

injection annulus and so gas injection into the inner annulus is prevented or restricted.

[0035] Figure 2A illustrates the situation in a drilling system with a secondary/outer
annulus before gas injection. As depicted, a drillstring 51 is suspended in the wellbore 54.
In the upper section of the wellbore there is an inner annulus 52 and a first casing string 61
that is hydraulically connected/in fluid communication with an outer annulus 59 through

one or more orifices 53. The outer annulus may be cased by a second casing string 62.

[0036] Dirilling fluid (also referred to herein as drilling mud or mud) may be pumped from
a pump(s) (not shown) through pipework 58 into the drillstring 51, down which it passes
until it exits at a distal end 55, through a drill bit (not shown) or the like, before returning
via the inner annulus 52 and return pipework 57 to fluid tanks for handling/preparing the
drilling fluid. Between the pipework 57 and the fluid tanks (not shown) there may be
chokes 70 and separators (not shown). The outer annulus 59 and the pipes feeding the top
of the drillstring are connected to gas pumps 65, via a valve manifold 60, which may direct

gas either to the drillstring feed, to the outer annulus 59 or optionally to both at once. In



WO 2013/005091 PCT/IB2012/001304
12

some embodiments of the present invention, measurement of the pressure and other
measurements may be made in the outer annulus 59, the inner annulus 52, the drillstring 51
and/or the like. In addition to the described equipment, there may be many other pieces of
equipment at the surface, such as blow-out-preventers, a rotating-control-head, etc, which
are normal with managed-pressure drilling, but which may not be involved in the procedure

detailed here, and hence for clarity not shown.

[0037] In an embodiment of the present invention, in an MPD procedure, a choke on the
return line, i.e., choke 70, may be used to drop the pressure from the well head pressure
(merely by way of example this may comprise a pressure in the range of 50 — 250 psi) to a
separator pressure (merely by way of example this may comprise a pressure in the range of
5 — 20 psi). In MPD, the choke on the return line is used to. drop the press‘ure of the
multiphase mixture flowing out of the well so that a separator, such as a mud gas separator
or the like can be used to separate the phases of the multiphase mixture flowing out of the
well. In MPD, the flow properties of the multiphase mixture, including the flow properties
of the different phases making up the multiphase mixture, may be monitored/measured in
order to manage the MPD process, determine properties of the drilling process, determine
properties of the wellbore/formation surrounding the formation and/or the like. Often,
Coriolis-type flowmeters are used to measure the multiphase flow in the return line .
However, these Coriolis-type flowmeters may not be able to make measurements when the

multiphase flow in the return line has a high gas-to-liquid ratio/high gas cut.

[0038] Figure 2B depicts an embodiment of the present invention, wherein two Venturis,
a first Venturi 5 and a second Venturi 10 are configured on a return line 40 on either side of
a choke 13 in an MPD system. In an embodiment of the present invention, the choke 13
may comprise an MPD choke for droi)ping wellhead pressure of a multiphase mixture
flowing out of/in the MPD system. The first venturi 5 and/or the second Venturi 10 may

comprise orifice plates or the like.

[0039] A multiphase flowmeter 3, as depicted in Fig 2B, includes a first pressure senor 30
and a second pressure sensor 33. The first pressure sensor 30 may be configured to measure
a pressure in a throat 7 of the Venturi 5 and/or a differential pressure between the throat 7
~ and a location upstream or downstream of the throat 7 in the return line 40. The first
pressure sensor 30 may in some aspects comprise multiple pressure sensors. The second

pressure sensor 33 may be configured to measure a pressure in a throat 12 of the Venturi 10
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and/or a differential pressure between the throat 12 and a location upstream or downstream
of the throat 12 in the return line 40. The second pressure sensor 30 may in some aspects

comprise multiple pressure sensors.

[0040] In the depicted embodiment, the expansion of the fluid mixture resulting from
operation of the choke 13, which fluid mixture may comprise a gas phase and a liquid
phase, provides a change in the flow characteristics of the fluid mixture and enables a
gas/liquid flow measurement(s) to be made using pressure measurements made by the
pressure sensor 30 and/or the pressure sensor 33. In one embodiment, a processor 36 may
control the MPD operation based on the measurements of the flow properties of the
multiphase mixture in the return line 40 from the multiphase flowmeter 3 and/or the
processor 36 may output data regarding the status of the MPD, the drilling of the borehole
and/or the like based upon measurements of the flow properties of the multiphase mixture in

the return line 40 from the multiphase flowmeter 3.

[0041] In embodiments of the present invention, for MPD, a measurement of the outflow
rate and the outflow gas fraction may be made on the outflow of the well, i.e., in the return
line 40 etc., to monitor changes in the outflow rate of the multiphase mixture exiting the
well and the outflow gas fraction for the well. This data may be used for influx/efflux
detection, for determining gas distribution in the well, for monitoring/controlling the MPD

operation and/or the like.

[0042] Coriolis meters may be used on many conventional MPD operations, but théy are
not effective for gas fractions of more than 5%. Typical operating conditions for many
MPD wells will have a high gas fraction (>70% under well head conditions) and a back
pressure in the range 50 — 300 psi, or about 60 — 250 psi although, in certain aspects, for

safety reasons the flowmeter assembly may be capable of operating up to 1000 psi.

[0043] In a conventional geometry the return from the well will drop to the ground level,
go through a choke and then into a separator. The choke will drop the pressure from the
well head pressure to the separator pressure, typically from about 60 — 250 psi to 5 — 20 psi

(gauge).

[0044]  Figure 3 illustrates a method for measuring properties of a multiphase flow, in
accordance with an embodiment of the present invention. In step 100, a multiphase fluid

mixture flowing in a conduit is passed through a first Venturi. In step 110, the multiphase
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fluid mixture is passed through a second Venturi and in step 120 the multiphase fluid
mixture is passed through a choke. In certain aspects, one or more of the Venturis may
comprise orifice plates. In some embodiments of the present invention, the choke is
adjustable éo that it can be varied to change the flow properties of the multiphase fluid
mixture. In some aspects, the choke is a choke in a return line in an MPD system and is
used to drop the wellhead pressure so that the multiphase fluid mixture in the MPD can be

flowed into a separator.

[0045] In step 130, a first pressure in the throat of the first Venturi is measured. In step
140, a first differential pressure between the throat of the first Venturi and a location
upstream or downstream of the throat of the first Venturi is measured. In step 150, a second
pressure in the throat of the second Venturi is measured. In step 160, a second differential |
pressure between the throat of the second Venturi and a location upstream or downstream of

the throat of the second Venturi is measured.

[0046] In step 170, the measured pressures and differential pressures may be processedto
determine flow characteristics of the multiphase fluid flow. In step 180, the choke is
adjusted to alter the flow of the multiphase fluid mixture. In step 185, at least one of the
pressure in the throat of the first Venturi, the pressure in the throat of the second Venturi,
the first differential pressure between the throat of the first Venturi and the position
upstream or downstream of the first Venturi and the differential pressure between the throat
of the second Venturi and the position upstream or downstream of the second Venturi is

measured after the choke has been adjusted.

[0047] In step 190, the at least one of the pressure in the throat of the ﬁrst Venturi, the
pressure in the throat of the second Venturi, the first differential pressure between the throat
of the first Venturi and the position upstream or downstream of the first Venturi and the
differential pressure between the throat of the second Venturi and the position upstream or
downstream of the second Venturi is measured after the choke has been adjusted is
processed to determine flow properties of the multiphase fluid mixture after adjustment of
the choke.

[0048] In embodiments of the present invention, the flow of the multiphase fluid mixture
in the two Venturis is different because of the effect of the choke that is disposed between

the two Venturis. By measuring pressures and differential pressures for the two Venturis,
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flow properties of the multiphase flow mixture can be determined. In some aspects of the
present invention, the choke is adjusted and new pressures may be measured with respect to
the two Venturis. One or more of these adjusted choke pressures and/or knowledge about
the multiphase flow prior to adjustment may be used to determine flow properties of the
multiphase fluid mixture after choke adjustment. In some embodiments, the choke may be
repeatedly adjusted and pressure measurements made in order to determine properties of the
multiphase fluid mixture. In some embodiments of the présent invention, the two Venturis
may be identical and/or may be arranged horizontally with respect to the multiphase fluid
flow. A slip correction may be used in the processing of the fluid properties to adjust for

slip between the phases in the multiphase fluid mixture.

[0049] While the principles of the disclosure have been described above in connection
with specific apparatuses and methods, it is to be clearly understood that this description is

made only by way of example and not as limitation on the scope of the invention.
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WHAT IS CLAIMED IS:

1. A method for measuring one or more flow characteristics of a

multiphase fluid flowing through a conduit, comprising:
flowing the multiphase fluid flow through a first Venturi and a second Venturi;

choking the multiphase fluid flow, wherein the multiphase fluid flow is choked

at a location in the conduit between the first Venturi and the second Venturi;
measuring a first pressure in a throat of the first Venturi;

measuring a first differential pressure between the throat of the first Venturi and

a first position in the conduit upstream or downstream of the throat of the first Venturi;
measuring a second pressure in the throat of the second Venturi;

measuring a second differential pressure between the throat of the second
Venturi and a second position in the conduit upstream or downstream of the throat of the

second Venturi; and

using the first and the second pressures and the first and the second differential

pressures to process the one or more flow characteristics of the multiphase fluid flow.
2. The method of claim 1, further comprising:
adjusting the choke applied to the multiphase fluid flow;

measuring at least one of a first adjusted pressure in the throat of the first
Venturi, a second adjusted pressure in the throat of the second Venturi, a first adjusted
differential pressure between the throat of the first Venturi and a first position in the conduit
upstream or downstream of the throat of the first Venturi and a second adjusted differential
pressure between the throat of the second Venturi and a ﬁrst position in the conduit

upstream or downstream of the throat of the second Venturi.

3. The method of claim 3, further comprising:
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processing the one or more flow characteristics of the fluid flow from the
measured at least one of the first adjusted pressure, the second adjusted pressure, the first

adjusted differential pressure and the second adjusted differential pressure.

4. The method of claim 1, wherein the one or more flow characteristics of

a fluid flow comprise a flow rate of the multiphase fluid flow.

5. The method of claim 1, wherein the one or more flow characteristics of
a fluid flow comprise at least one of a mass and/or volumetric flow rate of a liquid phase of
the multiphase fluid flow and a mass and/or volumetric flow rate of a gas phase of the

multiphase fluid flow.
6. The method of claim 1, further comprising:

using a slip approximation in the processing of the one or more flow

characteristics of the multiphase fluid flow.
7. The method of claim 1, further comprising:

using the one or more flow characteristics to control a managed pressure drilling

operation.

8. The method of claim 1, wherein at least one of the first and the second

Venturis is substituted with an orifice plate.
9. The method of claim 1, further compfising:

using a processor to process the one or more flow characteristics of the fluid

flow.
10. The method of claim 1, further comprising:
using a processor to control the choke.
11. The method of claim 1, further comprising:

adjusting the choke based upon the processed one or more flow characteristics
of the fluid flow.
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12. A system measuring one or more flow characteristics of a multiphase

fluid flow, comprising:
a first Venturi:

a first pressure sensor configured to measure a first pressure in the throat of the

first Venturi;

a first differential pressure sensor configured to measure a first differential
pressure between the throat of the first Venturi and a location upstream or downstream of

the throat of the first Venturi;
a second Venturi:

a second pressure sensor configured to measure a second pressure in the throat

of the second Venturi;

a second differential pressure sensor configured to measure a second differential
pressure between the threat of the second Venturi and a location upstream or downstream of

the throat of the second Venturi; and
a choke disposed between the first and the second Venturis.
13. The system of claim 12, further comprising:

a processor configured to process the one or more flow characteristics of the
fluid flow from the first pressure, the second pressure, the first differential pressure and the

second differential pressure.

14. The system of claim 13, wherein an output from the processor is used

to control a managed pressure drilling operation.
15. The system of claim 12, further comprising:

a processor for controlling operation of the choke.
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16. The system of claim 12, wherein the choke comprises a managed
pressure drilling choke configured to vary a wellhead pressure of a managed pressure

drilling system.

17. The system of claim 12, wherein the first Venturi and the second

Venturi have equivalent phy7sical dimensions.

18. The system of claim 17, wherein the first Venturi and the second

Venturi comprise equivalent throat dimensions.

19. The system of claim 12, wherein the first and the second Venturi are
configured to be disposed at least one of horizontally, vertically or deviated from one

another.

20. The system of claim 12, wherein at least one the first and the second

Venturis comprise an orifice plate.

21. The system of claim 12, wherein the choke is adjustable.
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