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(57) Abstract: Multiphase flowmeters and related methods having asymmetrical flow therethrough are disclosed. An example method
includes configuring an inlet manifold, a first flowline, and a second flowline to decrease a gas fraction in a first fluid flow through
the first flowline and increase a gas fraction in a second fluid flow through the second flow line; flowing the first fluid flow through
the first flowline and flowing the second fluid flow through the second flow line; and determining at least one ot 1) a first water liquid
ratio of the first tluid flow through the first flowline; 2) a first liquid tlow rate of the first fluid flow through the first flow line; or 3)
a first gas flow rate of the first fluid flow through the first flow line.

[Continued on next page]



WO 2018/175507 A1 {0000 0O

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 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,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2018/175507 PCT/US2018/023447

MULTIPHASE FLOW METERS AND RELATED METHODS HAVING
ASYMMETRICAL FLOW THERETHROUGH

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to hydrocarbon production and, more
particularly, to multiphase flowmeters and related methods having asymmetrical flow

therethrough.
DESCRIPTION OF RELATED ART

[0002] Hydrocarbons are widely used as a primary source of energy and have a great
impact on the world economy. Consequently, the discovery and efficient production of
hydrocarbon resources is increasingly important. As relatively accessible hydrocarbon
deposits are depleted, hydrocarbon prospecting and production has expanded to new
regions that may be more difficult to reach and/or may pose new technological
challenges. During typical operations, a borehole is drilled into the earth, whether on land
or below the sea, to reach a reservoir containing hydrocarbons. Such hydrocarbons are
typically in the form of oil, gas, or mixtures thereof that may be brought to the surface

through the borehole.
SUMMARY

[0003] An example method includes configuring an inlet manifold, a first flowline, and
a second flowline to decrease a gas fraction in a first fluid flow through the first flowline
and increase a gas fraction in a second fluid flow through the second flow line; flowing
the first fluid flow through the first flowline and flowing the second fluid flow through the
second flow line; and determining at least one of 1) a first water liquid ratio of the first
fluid flow through the first flowline; 2) a first liquid flow rate of the first fluid flow through

the first flow line; or 3) a first gas flow rate of the first fluid flow through the first flow line.

[0004] An example method includes flowing fluid into an inlet manifold; and diverting
the fluid based on a configuration of the inlet manifold between a first fluid flow through
a first flowline and a second fluid flow through a second flow line, the first fluid flow having
a first phase fraction different than a second phase fraction of the fluid second flow.

1
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[0005] An example apparatus includes an inlet manifold; an outlet; and first and
second flowlines coupled between the inlet manifold and the outlet, when the inlet
manifold receives a multiphase fluid, the inlet manifold causes the flow of a first
multiphase fluid having a first gas fraction through the first flowline and causes the flow
of a second multiphase fluid having a second gas fraction through the second flowline,

the first gas fraction is less than the second gas fraction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 illustrates a side view of example multiphase flow meters coupled to

a wellhead in a first asymmetrical flowline arrangement.

[0007] Figure 2 illustrates a side view of example multiphase flowmeters coupled to a

wellhead in a second asymmetrical flowline arrangement.

[0008] Figure 3 illustrates a plan view of example multiphase flowmeters coupled in a

third asymmetrical flowline arrangement.

[0009] Figure 4 illustrates an example mobile apparatus including multiphase
flowmeters coupled in a fourth asymmetrical flowline arrangement that illustrates fluid

being received at a first inlet of the mobile apparatus.

[0010] Figure 5 illustrates the example mobile apparatus of Figure 4 receiving fluid

through a second inlet of the mobile apparatus.

[0011] Figure 6 illustrates the example apparatus of Figure 4 including an example

inlet manifold that flows fluid to the first and second inlets.

[0012] Figure 7 illustrates the example mobile apparatus of Figure 4 on a trailer that

is being towed by a vehicle.

[0013] Figure 8 Iillustrates another example apparatus including multiphase

flowmeters coupled in a fifth asymmetrical flowline arrangement.

[0014] Figure 9 illustrates results obtained in accordance with the teachings of this

disclosure.
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[0015] The figures are not to scale. Wherever possible, the same reference numbers
will be used throughout the drawing(s) and accompanying written description to refer to

the same or like parts.

DETAILED DESCRIPTION

[0016] The examples disclosed herein relate to improving the accuracy of
measurements obtained from multiphase flowmeters. In some examples, the
measurements are used to determine the liquid flow rate, the gas flow rate, and/or the
water liquid ratio of the fluid flowing through flowlines associated with the respective
multiphase flowmeters. In other words, the examples disclosed herein relate to enabling
asymmetrical phase fractions having a lower combined gas uncertainty (e.g., less error),
a lower combined liquid uncertainty (e.g., less error), and/or a lower combined water

liquid ratio uncertainty (e.g., less error).

[0017] In some examples, to enable characteristics of the fluid to be determined while
accommodating different oil and gas production flow rates, an inlet manifold may divert
fluid between first and second flow paths such that the fluid flowing through the first flow
path has the same or substantially the same gas fraction, oil fraction, and water fraction
as the fluid flowing through the second flow path. In some examples, the characteristics
mentioned may be used to determine the water liquid ratio and liquid and gas flow rates
of the fluid flowing through the first and second flow paths. In examples in which the gas
fraction of the fluid is relatively high, the accuracy of the determined water liquid ratio
(WLR) and the determined liquid rate may be low. Thus, in examples in which the gas
fraction of the fluid in both the first and second flow paths is relatively high, the accuracy
of the determined WLR and liquid rate for both flow paths may be relatively low. As used
herein, substantially the same gas fraction, oil fraction, and water fraction means where
there is no purposeful separation of the multiphase fluid at the inlet manifold to cause,
enable and/or encourage the multiphase fluid flowing through the first flow path to have

a higher gas fraction than the multiphase fluid flowing through the second flow path.

[0018] In other examples, to enable characteristics of the fluid to be determined while

accommodating different oil and gas production flow rates, an example inlet manifold
3
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and/or flow junction may divert multiphase fluids between first and second flow paths
such that the multiphase fluid flowing through the first flow path has a first gas fraction
and a first liquid fraction and the multiphase fluid flowing through the second flow path
has a second gas fraction and a second liquid fraction where the first gas fraction is less
than the second gas fraction and the first liquid fraction is greater than the second liquid
fraction. To enable the multiphase fluid to be diverted between the first and second flow
paths, the example inlet manifold is configured to have at least two branches or flow
paths that enable momentum and gravity to urge liquid-rich fluid through a first flow path
and to urge gas-rich fluid through a second flow path. Specifically, the inlet manifold
configuration orients the first flow path to be coaxial with an inlet of the inlet manifold and
the second flow path to be non-coaxial with the inlet of the inlet manifold. Further, the
second flow path may be vertically displaced to be at a higher elevation than the first flow
path. In this manner, the momentum and weight of the liquid component of the multiphase
fluid relative to the gas component flowing into the inlet manifold tends to cause more of
the liquid component to follow the first flow path than the second flow path. Thus, In
contrast to examples in which the fluid fraction through the first and second flow paths
are substantially the same, the examples disclosed herein enable multiphase fluids to be
diverted between first and second flowlines to stimulate, cause, prompt, induce, foster,
enable and/or encourage the first flowline to have a lesser gas fraction than the second
flowline to enable a multiphase flow meter coupled to the first flowline to determine WLR
and liquid rate with increased accuracy. In other words, the examples disclosed herein
purposefully configure and/or design flowlines to achieve a gas-rich flow in one of the

flowlines and a liquid-rich flow in another of the flowlines.

[0019] Figure 1 illustrates an example wellsite 100 including an example first
multiphase flow meter 102 and an example second multiphase flow meter 104 coupled
in an arrangement to enable asymmetrical flow in accordance with the teachings of this
disclosure. While Figure 1 depicts one example of enabling asymmetrical flow, other
examples may be employed in accordance with the teachings of this disclosure to enable
asymmetrical flow. In the illustrated example, the first and second multiphase flowmeters

102, 104 are permanently coupled to an outlet 106 of a production manifold 108, which
4
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is coupled to a wellhead of a first oil well 110, a wellhead of a second oil well 112 and a

wellhead of a third oil well 114.

[0020] In this example, to divert a first multiphase fluid having a first phase fraction to
the first multiphase flowmeter 102 and to divert second multiphase fluid having a second
phase fraction to the second multiphase flowmeter 104, an example inlet manifold 116 is
coupled between a flowline 118 and the first and second multiphase flowmeters 102, 104
where the flowline 118 is directly coupled to the production manifold 108. In the illustrated
example, the inlet manifold 116 does not include a separator. In the illustrated example,
the inlet manifold 116 includes a first branch or portion 120 and a second branch or
portion 122 where the second portion 122 is substantially coaxial with the flowline 118
and the first portion 120 is offset and/or non-coaxial with the flowline 118. Further, as
illustrated in Figure 1, the first portion 120 of the inlet manifold 116 is vertically offset from
the second portion 122 to enable the first portion 120 to be at a higher elevation than the
second portion 122. As used herein, substantially coaxial accounts for assembly

tolerances in an oil field environment.

[0021] In operation, multiphase fluid flows from the production manifold 108 through
the flowline 118 to the inlet manifold 116. In some examples, the inlet manifold 116
encourages and/or enables a gas-rich fluid to flow through the first portion 120 and a
liquid-rich fluid to flow through the second portion 122. For example, the inlet manifold
116 encourages and/or enables the gas-rich fluid to flow through the first portion 120 to
the first multiphase flow meter 102 based on the first portion 120 being offset (e.g.,
vertically) relative to the longitudinal axis of the flowline 118. Specifically, gravity and
momentum encourage (e.g., gas tends to rise and the liquid component will have a
greater momentum than the gas component) a liquid-rich fluid to flow through the second
portion 122 as a result of the substantially coaxial positioning of the second portion 122
relative to the flowline 118 and/or the vertical displacement of the first portion 120 of the
manifold 116 relative to the second portion 122. In some examples, to encourage the
liquid-rich fluid to flow through the second portion 122 and to encourage the gas-rich fluid

to flow through the first portion 120, the inlet manifold 116 includes an intrusive element

5
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such as, for example, a helical insert, a flow straightener, an elbow, etc. The flow
straightener may split the flow into multiple straight flow paths and/or vanes that
encourage gravity separation. However, in other examples, the inlet manifold 116 does

not include such an intrusive element.

[0022] As the first multiphase fluid flows through the first multiphase flowmeter 102,
in some examples, the first multiphase flowmeter 102 determines characteristics of the
multiphase fluid such as, for example, a first gas flow rate, a first liquid flow rate and a
first water liquid ratio (WLR). As the second multiphase fluid flows through the second
multiphase flowmeter 104, in some examples, the second multiphase flowmeter 104
determines characteristics of the multiphase fluid such as, for example, a second gas
flow rate, a second liquid flow rate and a second WLR. After the multiphase fluid flows
through the respective first and second multiphase flowmeters 102, 104, the flows are

combined at an exit and/or exit manifold 124.

[0023] In some examples, Equation 1 is used to determine total gas flow rates through

the first and second multiphase flowmeters 102, 104 where q 445 70:q1 represents the total
gas flow rate through the first and second multiphase flowmeters 102, 104, qg4s 4
represents the gas flow rate through the first multiphase flowmeter 102 and g4, -

represents the gas flow rate through the second multiphase flowmeter 104.

Ggas Total = gas 1 1 qgas 2 (1)

[0024] In some examples, Equation 2 is used to determine total liquid flow rates

through the first and second multiphase flowmeters 102, 104 where q;;4 rota: represents

the total liquid flow rate through the first and second multiphase flowmeters 102, 104,

quiq 1 represents the gas flow rate through the first multiphase flowmeter 102 and g, »

represents the gas flow rate through the second multiphase flowmeter 104.
GQiiq Total = Quig 1 + Guig 2 (2)

6
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[0025] In some examples, Equation 3 is used to determine the total water liquid ratio
through the first and second multiphase flowmeters 102, 104 where WLR;,:4; represents
the total water liquid ratio through the first and second multiphase flowmeters 102, 104,
WLR, represents the water liquid ratio through the first multiphase flowmeter 102 and

WLR, represents the water liquid ratio through the second multiphase flowmeter 104.

WLRqiiq 1 *WLR,qyig »

WLRrota = (3)

dlig 114q1iq 2

[0026] Equation 4 can be used to express the standard deviation and/or uncertainty
of the total gas fraction measurement where ¢ represents the standard deviation and/or
uncertainty of the first and/or second multiphase fluid meters 102, 104, 6445 Tota
represents the standard deviation and/or uncertainty applied to the total gas rate, aq 4 4

represents the standard deviation and/or uncertainty applied to the first gas rate from the

first multiphase flowmeter 102 and oq . , represents the standard deviation and/or

uncertainty applied to the second gas rate from the second multiphase flowmeter 104.

(O-q‘gaszotal)z = (O-q‘gasfl)z + (O-q‘gasfz)z (4)

[0027] Equation 4 can be rewritten as Equation 5.

2 2 f0qgas.1 z 2 foqgas > z
gas Total) — \Mgas 1 - gas 2 -
(69gas rotat)” = (dgas 1) (Z2) + (4gas2)” (F222) )

dgas_ 1 dgas. 2

[0028] If x, is defined as the fraction of total gas flowing through the first multiphase

flowmeter 102 (i.e., qgas 1 = X19gas Totar), EQuation 5 can be written as Equation 6.

<O'ansTotal>2 — x12 <0'an51>2 + (1 x1)2 <0'an52>2 (6)

dgas_ Total dgas_1 dgas_2
[0029] If y, is defined as the fraction of the total liquid flowing through the first
multiphase flowmeter 102 (i.e., Giiquia 1 = Y1Giiquid Totar), EQuation 6 can be written for
the liquid rate relative uncertainty as Equation 7.

<O'QZiquidT0tal>2 _ ylz <O'QZiquid1>2 + yl)z <O'QZiquid2>2 (7)

dliquid Total dliquid_1 dliquid 2
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[0030] Equation 8 is used to determine the total water liquid ratio through the first and

second multiphase flowmeters 102, 104 by substituting x; and y, into Equation 3.

dlig Total

[0031] Equation 9 can be used to express the standard deviation and/or uncertainty
of the water liquid ratio where oW LRy, represents the standard deviation and/or
uncertainty applied to the total water liquid ratio, sWLR, represents the standard
deviation and/or uncertainty applied to the first water liquid ratio for the first multiphase
flowmeter 102 and e W LR, represents the standard deviation and/or uncertainty applied

to the second water liquid ratio for the second multiphase flowmeter 104.

(6WLR7ora1)?* = y12(6WLR)* + (1 y1)*(6WLR,)? (9)

[0032] Figure 2 illustrates an example wellsite system 200 that is similar to the wellsite
system 100 of Figure 1. However, in contrast to the wellsite system 100 in Figure 1, the
wellsite system 200 of Figure 2 includes a y-shaped inlet manifold 202 that enables
and/or encourages first multiphase fluid having a first phase fraction to be diverted
through a first branch or portion 204 of the inlet manifold 202 toward the first multiphase
flowmeter 102 and to encourage second multiphase fluid having a second phase fraction
to be diverted through a second branch or portion 206 of the inlet manifold 202. In some
examples, the y-shaped manifold 202 may encourage less phase separation than the
inlet manifold 116 based on the angle between the first and second portions 204, 206
being approximately 45-degrees as opposed to 90-degrees. Of course, other angles
between the first and second branches or portions of an inlet manifold can be used to
achieve a desired degree of phase separation of a multiphase fluid flow. Namely, the
angle can be increased toward 90 degrees to increase the degree of phase separation,
or decreased toward, for example, zero degrees to decrease the degree of phase

separation.

[0033] Figure 3 illustrates a plan view of an example apparatus 300 used to divert

liquid-rich solutions toward the first multiphase flowmeter 102 and to divert gas-rich
8
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solutions toward the second multiphase flowmeter 104. In this example, the apparatus
300 includes an inlet 302 that flows fluid toward an intersection 304 that separates a first
flowline 306 and a second flowline 305, where the second flowline 305 flows fluid to the
first multiphase flowmeter 102 and the first flowline 306 flows fluid to the second
multiphase flow meter 104. In the illustrated example, the apparatus 300 includes a first
valve 308, a second valve 310 and a third valve 312 that may be selectively actuated to
control fluid flow through the first multiphase flowmeter 102. Similarly, to control fluid flow
through the second multiphase flowmeter 104, the apparatus 300 includes a fourth valve
314, a fifth valve 316 and a sixth valve 318 that may be selectively actuated to control

fluid flow through the second multiphase flowmeter 104.

[0034] In operation, the intersection 304 enables and/or encourages liquid-rich fluid
to flow through the second flowline 305 and enables and/or encourages gas-rich fluid to
flow through the first flowline 306. Thus, using the example apparatus 300, the
multiphase fluid entering the inlet 302 is separated between a liquid-rich fluid that flows
through the second flowline 305 and a gas-rich fluid that flows through the first flowline
306 where the liquid-rich fluid includes gas and the gas-rich fluid includes liquid. While
some of the examples disclosed herein refer to the gas-rich fluid flowing through the first
flowline and liquid-rich fluid flowing through the second flowline, in other examples, the
liquid-rich fluid flows through the first flowline and the gas-rich fluid flows through the

second flowline.

[0035] Figure 4 illustrates an example mobile apparatus 400 including the example
first multiphase flowmeter 102 and the example second multiphase flowmeter 104
coupled in an asymmetrical flow arrangement in accordance with the teachings of this

disclosure.

[0036] In operation, multiphase fluid flows into an inlet 402 in a direction generally
indicated by arrow 404 toward a manifold 406 that diverts the flow through a first flowline
408 in a direction generally indicated by arrow 410 and a second flowline 412 in a
direction generally indicated by arrow 414. In the illustrated example, the manifold 406 is

configured to enable and/or encourage a liquid-rich flow through the first flowline 408

9
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toward the first multiphase flowmeter 102 and to encourage a gas-rich flow through the
second flowline 412 and a third flowline 416 toward the second multiphase flowmeter
104. In some examples, the placement or position of the first flowline 408 relative to the
second flowline 412 encourages the liquid-rich flow through the first flowline 408 and the
gas-rich flow through the second flowline 412. In some examples, the sizing of the first
flowline 408 relative to the second flowline 412 encourages the liquid-rich flow through

the first flowline 408 and the gas-rich flow through the second flowline 412.

[0037] As the multiphase fluid flows through the first multiphase flowmeter 102, the
first multiphase flowmeter 102 determines characteristics of the fluid such as, for
example, a first gas flow rate, a first liquid flow rate and a first WLR. Similarly, as the
multiphase fluid flows through the second multiphase flowmeter 104, the second
multiphase flowmeter 104 determines characteristics of the fluid such as, for example, a
second gas flow rate, a second liquid flow rate and a second WLR. The first multiphase
flowmeter 102 and/or the second multiphase flowmeter 104 may use one or more of
Equations 1-9 to determine the total gas flow rates through the first and second
multiphase flowmeters 102, 104. Additionally or alternatively, the first multiphase
flowmeter 102 and/or the second multiphase flowmeter 104 may use one or more of
Equations 1-9 to determine the total liquid flow rates through the first and second
multiphase flowmeters 102, 104 and/or the total WLR through the first and second
multiphase flowmeters 102, 104. Additionally or alternatively, the first multiphase
flowmeter 102 and/or the second multiphase flowmeter 104 may use one or more of
Equations 1-9 to determine the standard deviation and/or uncertainty of the first and/or
second multiphase flowmeters 102, 104 as applied to the gas flow rate through the
apparatus 400 and/or the first and/or second multiphase flowmeters 102, 104, the liquid
flow rate through the apparatus 400 and/or first and/or second multiphase flowmeters
102, 104 and/or the WLR of the fluid flowing through the apparatus 400 and/or the first
and/or second multiphase flowmeters 102, 104. After the fluid flows through the
respective first and second multiphase flowmeters 102, 104, the flows are combined at

an exit manifold and/or outlet 418.

10
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[0038] Figure 5 llustrates an alternative configuration of the example mobile
apparatus 400 of Figure 4. In contrast to the example of Figure 4, the example of Figure
5 flows fluid into a second inlet 502 as opposed to the first inlet 402. In operation, based
on the multiphase fluid flowing into the inlet 502 in a direction generally indicated by arrow
504, an example manifold 506 separates and/or diverts the multiphase flow between the
second flowline 412 in a direction generally indicated by arrow 508 toward the first
multiphase flowmeter 102 and the third flowline 416 in a direction generally indicated by

arrow 510 toward the second multiphase flow meter 104.

[0039] Figure 6 illustrates another alternative configuration of the example mobile
apparatus 400 of Figure 4. In contrast to the examples of Figures 4 and 5, the example
of Figure 6 includes an example inlet manifold 602 that diverts the fluid between a first

flowline portion 604 and a second flowline portion 606.

[0040] In operation, after the fluid is split by the inlet manifold 602, liquid-rich fluid
flows into the first inlet 402 in a direction generally indicated by arrow 610 toward the first
multiphase flowmeter 102 and gas-rich fluid flows into the second inlet 502 in a direction

generally indicated by arrow 612 toward the second multiphase flowmeter 104.

[0041] While the examples above disclose flowlines positioned in certain
configurations, the examples disclosed herein may be implemented with flowlines in any
vertical position (e.g., heights) and/or at any angle relative to one another. For example,
the inlet manifold may form an angle between first and second flowlines at approximately
30-degrees, 45-degrees, 90-degrees, 180-degrees and/or any other angle to enable,
support and/or encourage the formation of a first fluid stream having a first gas fraction
and a first oil fraction and a second fluid stream having a second gas fraction and a
second oil fraction where the first gas fraction is greater than the second gas fraction and
the first oil fraction is less than the second oil fraction. In some examples, one or more of
the flowlines disclosed in accordance with the teachings of this disclosure are disposed
vertically (e.g., vertical relative to the earth’s surface, non-horizontal relative to the earth’s
surface), horizontally (e.g., horizontal relative to the earth’s surface) and/or at an angle

(e.g., a 45-degree angle relative to the earth’s surface) to encourage the formation of a

11
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first fluid stream having a first gas fraction and a first oil fraction and a second fluid stream
having a second gas fraction and a second oil fraction where the first gas fraction is
greater than the second gas fraction and the first oil fraction is less than the second oil
fraction. Further, while the example inlet manifolds disclosed herein depict two divergent
flow paths, inlet manifolds having more than two flow paths may be used if desired to

achieve more than two fluid flows having more than two levels of phase separation.

[0042] Figure 7 illustrates the example apparatus 400 positioned on a trailer 702 that
is coupled to a vehicle 704. Thus, using the examples disclosed herein, multiphase
flowmeters may be conveniently transported to and from different well sites and/or

locations.

[0043] Figure 8 illustrates an example apparatus 800 including the example first
multiphase flowmeter 102 and the example second multiphase flowmeter 104 coupled in
an asymmetrical flow arrangement in accordance with this disclosure. In operation,
multiphase fluid flows into an inlet 802 in a direction generally indicated by arrow 804
toward a manifold 806 that separates the multiphase fluid into a liquid-rich flow in a
direction generally indicated by arrow 808 through a first flowline 810 and a gas-rich flow

in a direction generally indicated by arrow 811 through a second flowline 812.

[0044] In this example, to encourage the liquid-rich flow to flow through the first
flowline 810 and to encourage the gas-rich flow to flow through the second flowline 812,
the first flowline 810 has a larger and/or different diameter (e.g., a different cross section)
than the second flowline 812 and the second flowline 812 has a somewhat vertically
positioned portion that extends from and/or relative to the first flowline 810. However, in
other examples, the first and/or second flowlines 810, 812 may be differently sized and/or
configured. For example, in some examples, the relative angle between the first flowline
810 and the second flowline 812 may be 45-degrees or any other suitable angle. After
the fluid flows through the respective first and second multiphase flowmeters 102, 104,

the flows are combined at an exit, an exit manifold and/or outlet 814.

[0045] Figure 9 Iillustrates an example table 900 including results obtained in

accordance with the teachings of this disclosure. The table 900 includes a first column
12
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902 identifying different characteristics and/or parameters and a second column 904
including results obtained using a single flowmeter. The table 900 also includes third and
fourth columns 906, 908 including results obtained using an example inlet manifold that
diverts the fluid into different flow streams having substantially the same gas fractions,
oil fractions and water fractions. The table 900 also includes fifth and sixth columns 910,
912 including results obtained using an example inlet manifold that encourages a liquid-
rich flow toward the first multiphase flowmeter and a gas-rich flow toward the second
multiphase flowmeter. As indicated by comparing the results included in the columns
904-912, results associated with the inlet manifold encouraging asymmetrical phase
fractions have a lower combined gas uncertainty (e.g., less error), a lower combined
liquid uncertainty (e.g., less error) and a lower combined water liquid ratio uncertainty

(e.q., less error).

[0046] From the foregoing, it will be appreciated that the example methods, apparatus
and articles of manufacture improve the accuracy of the measured and/or determined
water liquid ratio by encouraging the separation of flow including a liquid-rich flow and a
gas-rich flow. Thus, the examples disclosed herein do not completely separate the
phases from one another but instead encourage one of the legs and/or flowlines of an
inlet manifold to receive the liquid-rich fluid based on momentum and/or gravity and for
the others of the legs and/or flowlines of the inlet manifold to receive the gas-rich fluid
based on momentum and/or gravity. By encouraging one of the legs to have the liquid-
rich fluid flow, a highly accurate water liquid ratio (WLR) and liquid rate may be
determined therefrom as compared to the water liquid ratio and liquid rate determined

from fluid flows having a higher gas fraction.

[0047] In some examples, an example mobile skid assembly produced in accordance
with the teachings of this disclosure includes two or more multiphase flowmeters
including flowlines and/or an inlet manifold that encourages the diversion of a multiphase
fluid into a liquid-rich fluid directed toward a first multiphase flowmeter(s) and a gas-rich

fluid directed toward a second multiphase flowmeter(s). Thus, using examples disclosed
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herein, multiphase fluids may be separated and thereafter analyzed in parallel (e.g.,

analyzed at substantially the same time).

[0048] After the fluid flows through respective first and second flowmeters, the fluid is
recombined at an outlet manifold and/or outlet of the skid assembly. The first multiphase
flowmeter(s) may be similar and/or different from the second multiphase flowmeter(s).
The first flowline(s) stemming from the inlet manifold may be similar and/or different from
the second flowline(s) stemming from the inlet manifold (e.g., a different diameter, a
different cross-section, a different length, a different angle and/or pitch relative to the

earth’s surface, etc.).

[0049] An example method includes configuring an inlet manifold, a first flowline, and
a second flowline to encourage a first fluid flow through the first flowline having a first gas
fraction and a second fluid flow through the second flow line having a second gas fraction,
the first gas fraction being less than the second gas fraction; flowing the first fluid flow
through the first flowline and flowing the second fluid flow through the second flow line;
and determining at least one of 1) a first water liquid ratio of the first fluid flow through the
first flowline; 2) a first liquid flow rate of the first fluid flow through the first flow line; or 3)

a first gas flow rate of the first fluid flow through the first flow line.

[0050] In some examples, the method includes determining at least one of 1) a second
water liquid ratio of the second fluid flow through the second flowline; 2) a second liquid
flow rate of the second fluid flow through the second flow line; or 3) a second gas flow
rate of the second fluid flow through the second flow line. In some examples, the method
includes flowing the second fluid flow through the second flow line includes diverting the
second fluid flow in a non-horizontal direction via the inlet manifold to enable the second
flow to have the second gas fraction. In some examples, flowing the first fluid flow through
the first flow line includes flowing the first fluid flow along a first axis of the first flowline,
the first axis is substantially coaxial with a second axis of an inlet of the inlet manifold to

enable the first gas fraction to be less than the second gas fraction.

[0051] An example method includes flowing fluid into an inlet manifold; and diverting

the fluid based on a configuration of the inlet manifold between a first fluid flow through
14
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a first flowline and a second fluid flow through a second flow line, the first fluid flow having
a first phase fraction different than a second phase fraction of the fluid second flow. In
some examples, the method includes 1) determining a first water liquid ratio of the first
fluid flow through the first flowline; and 2) determining a second water liquid ratio of the
second flow through the second flowline, the first water liquid ratio having a higher
accuracy than the second water liquid ratio based on a first gas fraction of the first phase

fraction being less than a second gas fraction of the second phase fraction.

[0052] An example apparatus includes an inlet manifold; an outlet; and first and
second flowlines coupled between the inlet manifold and the outlet, when the inlet
manifold receives a multiphase fluid, the inlet manifold encourages the flow of a first
multiphase fluid having a first gas fraction through the first flowline and encourages the
flow of a second multiphase fluid having a second gas fraction through the second
flowline, the first gas fraction is less than the second gas fraction. In some examples,
when the inlet manifold receives the multiphase fluid, the inlet manifold encourages the
flow of the first multiphase fluid having a first liquid fraction through the first flowline and
encourages the flow of the second multiphase fluid having a second liquid fraction
through the second flowline, the first liquid fraction is greater than the second liquid
fraction. In some examples, the first flowline is vertically displaced from the second
flowline to encourage the flow of the first multiphase fluid having the first liquid fraction to
flow through the first flowline and to encourage the flow of the second multiphase fluid

having the second gas fraction to flow through the second flowline.

[0053] In some examples, the apparatus includes a first multiphase flow meter
coupled to the first flowline and a second multiphase flowmeter coupled to the second
flowline, the first multiphase flowmeter to determine at least one of a first water liquid ratio
of the first multiphase fluid flowing through the first flowline, a first liquid flow rate of the
first multiphase fluid flowing through the first flowline, and a first gas flow rate of the first
multiphase fluid flowing through the first flowline, the second multiphase flowmeter to
determine at least one of a second water liquid ratio of the second multiphase fluid flowing

through the second flowline, a second liquid flow rate of the second multiphase fluid
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flowing through the second flowline, and a second gas flow rate of the second multiphase
fluid flowing through the second flowline, an accuracy of the first water liquid ratio being
greater than an accuracy of the second water liquid ratio, an accuracy of the first liquid
flow rate being greater than an accuracy of the second liquid flow rate. In some examples,
the first flowline has a larger cross-section than the second the second flowline. In some
examples, the first flowline is coaxially positioned relative to an inlet of the inlet manifold
to encourage the flow of the first multiphase fluid having the first gas fraction through the

first flowline.

[0054] In some examples, a first axis of the second flowline is offset relative to a
second axis of an inlet of the inlet manifold to encourage the flow of the second
multiphase fluid having the second gas fraction through the second flowline. In some
examples, the inlet manifold is to encourage the flow of the first multiphase fluid having
the first gas fraction through the first flowline based at least in part on the positioning of
an inlet of the inlet manifold relative to the first flowline and a momentum of the different
components the multiphase fluid at an intersection between the first and second
flowlines. In some examples, the inlet manifold is to encourage the flow of the second
multiphase fluid having the second gas fraction through the second flowline based at
least in part on the relative position of an inlet of the inlet manifold relative to the second
flowline. In some examples, the inlet manifold does not include a separator therein to
encourage the flow of the first multiphase fluid having the first gas fraction to the first
flowline and to encourage the second multiphase fluid having the second gas fraction
through the second flowline. In some examples, the apparatus includes a skid onto which
the inlet manifold, the outlet manifold, and the first and second flowlines are disposed to
enable mobility of the apparatus. In some examples, one or more of the first flowline or
the second flowline has an axis disposed at a non-horizontal angle to encourage the flow
of the multiphase fluid having the first gas fraction to the first flowline and to encourage
the flow of the second multiphase fluid having the second gas fraction to the second

flowline.
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[0055] An example apparatus includes an inlet manifold; first and second flowlines
coupled to the inlet manifold; means for encouraging fluid flowing through the inlet
manifold to be diverted between a first multiphase fluid flowing through the first flowline
and a second multiphase fluid flowing through the second flowline, where the first
multiphase fluid flow has a greater gas fraction than the second multiphase fluid flow and
the second multiphase fluid flow has a greater liquid fraction than the first multiphase fluid
flow. In some examples, the second flowline is vertically displaced relative to the first
flowline to enable the first multiphase fluid to have a greater gas fraction than the second

multiphase fluid.

[0056] Although certain example methods, apparatus and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto.
On the contrary, this patent covers all methods, apparatus and articles of manufacture

fairly falling within the scope of the claims of this patent.
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Claims:
1. A method, comprising:

configuring an inlet manifold, a first flowline, and a second flowline to decrease a
gas fraction in a first fluid flow through the first flowline and increase a gas fraction in a
second fluid flow through the second flow line;

flowing the first fluid flow through the first flowline and flowing the second fluid flow
through the second flow line; and

determining at least one of 1) a first water liquid ratio of the first fluid flow through
the first flowline; 2) a first liquid flow rate of the first fluid flow through the first flow line; or

3) a first gas flow rate of the first fluid flow through the first flow line.

2. The method of claim 1, further including determining at least one of 1) a second
water liquid ratio of the second fluid flow through the second flowline; 2) a second liquid
flow rate of the second fluid flow through the second flow line; or 3) a second gas flow

rate of the second fluid flow through the second flow line.

3. The method of claim 1, wherein flowing the second fluid flow through the second
flow line includes diverting the second fluid flow in a non-horizontal direction via the inlet

manifold to enable the second fluid flow to have the second gas fraction.

4. The method of claim 1, wherein flowing the first fluid flow through the first flow line
includes flowing the first fluid flow along a first axis of the first flowline, the first axis is
substantially coaxial with a second axis of an inlet of the inlet manifold to enable the first

gas fraction to be less than the second gas fraction.

. A method, comprising:
flowing fluid into an inlet manifold; and
diverting the fluid based on a configuration of the inlet manifold between a first

fluid flow through a first flowline and a second fluid flow through a second flow line, the
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first fluid flow having a first phase fraction different than a second phase fraction of the

fluid second flow.

6. The method of claim 5, further including: 1) determining a first water liquid ratio of
the first fluid flow through the first flowline; and 2) determining a second water liquid ratio
of the second flow through the second flowline, the first water liquid ratio having a higher
accuracy than the second water liquid ratio based on a first gas fraction of the first phase

fraction being less than a second gas fraction of the second phase fraction.

7. The method of claim 5, wherein diverting the fluid based on the configuration of
the inlet manifold between the first fluid flow through the first flowline and the second fluid
flow through the second flow line includes diverting the second fluid flow in a non-
horizontal direction via the inlet manifold to enable the second flow to have the second

phase fraction.

8. The method of claim 5, wherein the first flowline has a larger cross-section than

the second the second flowline.

9. An apparatus, comprising:

an inlet manifold;

an outlet; and

first and second flowlines coupled between the inlet manifold and the outlet, when
the inlet manifold receives a multiphase fluid, the inlet manifold causes the flow of a first
multiphase fluid having a first gas fraction through the first flowline and causes the flow
of a second multiphase fluid having a second gas fraction through the second flowline,

the first gas fraction is less than the second gas fraction.

10.  The apparatus of claim 9, wherein, when the inlet manifold receives the multiphase

fluid, the inlet manifold causes the flow of the first multiphase fluid having a first liquid

fraction through the first flowline and causes the flow of the second multiphase fluid
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having a second liquid fraction through the second flowline, the first liquid fraction is

greater than the second liquid fraction.

11.  The apparatus of claim 9, wherein the first flowline is vertically displaced from the
second flowline to cause the flow of the first multiphase fluid having the first liquid fraction
to flow through the first flowline and to cause the flow of the second multiphase fluid

having the second gas fraction to flow through the second flowline.

12.  The apparatus of claim 9, further including a first multiphase flow meter coupled
to the first flowline and a second multiphase flowmeter coupled to the second flowline,
the first multiphase flowmeter to determine at least one of a first water liquid ratio of the
first multiphase fluid flowing through the first flowline, a first liquid flow rate of the first
multiphase fluid flowing through the first flowline, and a first gas flow rate of the first
multiphase fluid flowing through the first flowline, the second multiphase flowmeter to
determine at least one of a second water liquid ratio of the second multiphase fluid flowing
through the second flowline, a second liquid flow rate of the second multiphase fluid
flowing through the second flowline, and a second gas flow rate of the second multiphase
fluid flowing through the second flowline, an accuracy of the first water liquid ratio being
greater than an accuracy of the second water liquid ratio, an accuracy of the first liquid

flow rate being greater than an accuracy of the second liquid flow rate.

13.  The apparatus of claim 9, wherein the first flowline has a larger cross-section than

the second the second flowline.
14.  The apparatus of claim 9, wherein the first flowline is coaxially positioned relative

to an inlet of the inlet manifold to cause the flow of the first multiphase fluid having the

first gas fraction through the first flowline.

20



WO 2018/175507 PCT/US2018/023447

15. The apparatus of claim 9, wherein a first axis of the second flowline is offset
relative to a second axis of an inlet of the inlet manifold to cause the flow of the second

multiphase fluid having the second gas fraction through the second flowline.

16.  The apparatus of claim 9, wherein the inlet manifold is to cause the flow of the first
multiphase fluid having the first gas fraction through the first flowline based at least in
part on the positioning of an inlet of the inlet manifold relative to the first flowline and a
momentum of the different components of the multiphase fluid at an intersection between

the first and second flowlines.

17.  The apparatus of claim 9, wherein the inlet manifold is to cause the flow of the
second multiphase fluid having the second gas fraction through the second flowline
based at least in part on the relative position of an inlet of the inlet manifold relative to

the second flowline.

18.  The apparatus of claim 9, wherein the inlet manifold does not include a separator
therein to cause the flow of the first multiphase fluid having the first gas fraction to the
first flowline and to cause the second multiphase fluid having the second gas fraction

through the second flowline.

19.  The apparatus of claim 9, further including a skid onto which the inlet manifold,
the outlet manifold, and the first and second flowlines are disposed to enable mobility of

the apparatus.

20.  The apparatus of claim 9, wherein one or more of the first flowline or the second
flowline has an axis disposed at a non-horizontal angle to cause the flow of the
multiphase fluid having the first gas fraction to the first flowline and to cause the flow of

the second multiphase fluid having the second gas fraction to the second flowline.
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