Riser Annulus Flow Meter and Method BACKGROUND TECHNICAL FIELD [0001]Embodiments of
the subject matter disclosed herein generally relate to methods and systems and, more particularly, to
mechanisms and techniques for measuring a fluid flow in a pipe. DISCUSSION OF THE
BACKGROUND [0002]During the past years, with the increase in price of fossil fuels, the interest in
developing new production fields has dramatically increased. However, the availability of land-based
production fields is limited. ThusRiw nARFEMEELF N BeeidasdIv g de offshore locations, which
appear to hold a vast amount of fossil fuel. One characteristic of the offshore locations is the high
pressure to which the drilling equipment is subjected. For example, it is conventional to have parts of
the drilling equipment designed to withstand pressures between 5,000 and 30,000 psi. In addition, the
materials used for the various components oBaAC#dRoBMDPMent are desired to be corrosion
resistant and to resist high temperatures. [0003]Existing technologies for extracting oil from offshore

fields use BECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein generally relate to
methods and systems and, more particularly, to mechanisms and techniques for

measuring a fluid flow in a pipe.

DISCUSSION OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels, the
interest in developing new production fields has dramatically increased. However,
the availability of land-based production fields is limited. Thus, the industry has now
extended drilling to offshore locations, which appear to hold a vast amount of fossil
fuel. One characteristic of the offshore locations is the high pressure to which the
drilling equipment is subjected. For example, it is conventional to have parts of the
drilling equipment designed to withstand pressures between 5,000 and 30,000 psi.
In addition, the materials used for the various components of the drilling equipment
are desired to be corrosion resistant and to resist high temperatures.

[0003] Existing technologies for extracting oil from offshore fields use a
system 10 as shown in Figure 1. More specifically, the system 10 includes a vessel
(or rig) 12 having a reel 14 that supplies power/communication cables 16 to a
controller 18. The controller 18 is disposed undersea, close to or on the seabed 20.
In this respect, it is noted that the elements shown in Figure 1 are not drawn to scale
and no dimensions should be inferred from Figure 1.
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system 10 as shown in Figure 1. More specifically, the system 10 includes a vessel (or rig) 12 having a
reel 14 that supplies power/communication cables 16 to a controller 18. The controller 18 is disposed
undersea, close to or on the seabed 20. In this respect, it is noted that the elements shown in Figure 1
are not drawn to scale and no dimensions should be inferred from Figure 1. [0004]Figure 1 also
shows that a drill string 24 is provided inside a riser 40, that extends from vessel 12 to a BOP 28. A

wellhead J3@b#)e subseagyrll 1sA8pNEHIRL that cRaIMNDstinYhishsis EONHarfikigeas sryammsiate the

drill string 24 that enters the subsea well. At the end of the drill string 24 there is a drill bit (not shown).

Various meshieaisati Sirengestenn aseepbioved ta nbakthe 2bibtracdpsandvanniicitly the drill

bit, to extend the subsea well. The dirt and debris produced by the drill string 24 are removed by

circulatinggoapeetdldltich eakasy sy duHiaroroborfidusiste tof doediilneiaat 24 A HRemE i ghsan

annulus formed between the outside of the drill string 24 and an inside of the riser 40. Thus, the mud is

pumped frentéhe tiessebdddwengnie ddhatanehddanwtritngtha dhidrbitaadipadsttiietshdte pnnulus

of the riser 40 back to the vessel 12. [0005]However, during normal drilling operation, unexpected

events may fiesus helchowidiiamege Hie Biedvandies biesiayisimentolsesittes drillisgifdmsushievent is

the uncontrolled flow of gas, oil or other well fluids from an underground formation into the well. Such

event is somglicitBstrefeiffihio &5 extsied the aubkyrowtlarmhaaliroeeid ddeisfprothisuyesagre
inside the well exceeds the pressure applied to it by the column of drilling fluid (mud). This event is

unforeseedkilesandg iPaaracasnore s iakenltinteaapdtithevie) andorhedssaeatsd sguipment
may be damaged. Although the above discussion was directed to subsea oil exploration, the same is

true for gringideod fetkiel eidllierig 0246 A sh erbinreeighpsevanten (B @nnsiy bebedsatele d origy of the
well to seal the well in case that one of the above events is threatening the integrity of the well. The

BOP is copfevgianilibtiimgledantedramaidalvd tecprieee oharrlie aliteoiniie &S pignaidie friorthgannular
space, i.e., between the casing and the drill pipe, or in the open hole (i.e., hole with no drill pipe)

during driliegszs dambtetigh tnedtiosgifmeeardtywa puiaditrif BORsvierekinstaligt anctepefiine well

for various reasons. Figure 1 shows two BOPs 26 or 28 that are controlled by the controller 18.
of the riser 40 back to the vessel 12.
[0005] However, during normal drilling operation, unexpected events may
occur that could damage the well and/or the equipment used for drilling. One such
event is the uncontrolled flow of gas, oil or other well fluids from an underground
formation into the well. Such event is sometimes referred to as a “kick” or a
“blowout” and may occur when formation pressure inside the well exceeds the
pressure applied to it by the column of drilling fluid (mud). This event is
unforeseeable and, if no measures are taken to prevent it, the well and/or the
associated equipment may be damaged. Although the above discussion was
directed to subsea oil exploration, the same is true for ground oil exploration.
[0006] Thus, a blowout preventer (BOP) might be installed on top of the well
to seal the well in case that one of the above events is threatening the integrity of the

well. The BOP is conventionally implemented as a valve to prevent the release of

pressure either in the annular space, i.e., between the casing and the drill pipe, or in
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[0007]However, deep water exploration presents a host of other drilling problems, such as substantial
lost circulation zones, well control incidents, shallow-water flows, etc. Thus, many of these wells are
lost due to significant mechanical drilling problems. A common characteristic of these problems is the
abnormal flow of the mud. For example, the flow rate at the surface pump may become larger than the
flow rate of the return mud at the ship. This suggests that the integrity of the well is compromised and
the mud <RSP the: AAFoNHEAC AHbIREEY SR WINSHE SABRIBUPRY ORISR Pe safety

of the personnel working on the rig is when the flow rate of the returning mud is larger than the flow
rate of theﬁgﬁ?%@pﬁrﬁ&@q{% 863# B4R GNALAIRY AR TNRYRRIAh XS IRVEJRFRERTsed,

and/or a hjgh pressure intrusion into the well has taken place. This high pressure gas or fluid then may
make its w@?ﬁﬁ igb@,\ﬁ(ﬁa{w& E%&?ﬁw@ﬁ%& Hhitled SOHI 'iﬁgebb’l%?&% SPURYRLd! hrat the operator of

the BOP t have the time to react and close the BOP. These events not only may lead to loss of
lives but j(@@??r? rease thP W64t GRRRY'ARRN RRlosatiRL REERE S AMBP LI AL 5E dtiRGed from

those wells, which is undesirable. {‘(?)(%)8 Accordingly, it would be desirable to provide systems and
] AR i

methods that avOF thE Hifa- RIG (P RENSERL e STANNRA G 55881 RENRNKg to an
exemplargfverpbc%g{ment, there is a mudline riser annulus flow meter. The flow meter includes a liner
configured 8 B’ S¥Eena 10 4 e EVRENE S Wl 818 | 28Ty ioa g HEcati cReahait@iser to

the |j h that a cayity s f by the Jiner and th - an insert configured fo b
Ciaposed SHTRCREPEM & DA< FOPRUL Ot A el 65 P RS ol R SR BRI b

configuned e B ach) SHACTRA RSN Ae SHGRGR LR R LRE ORISR0 b
the waved QDR 0L HTRCELAT ' e o e P HRTGE, el RO Yy
is compromised and the mud is escaping into the environment. Another possibility
which is more dangerous for the safety of the personnel working on the rig is when
the flow rate of the returning mud is larger than the flow rate of the surface pump.
This event suggests that the integrity of the well may be compromised, and/or a high
pressure intrusion into the well has taken place. This high pressure gas or fluid then
may make its way up the riser and blowout the rig. If these events take place, it is
noted that the operator of the BOP does not have the time to react and close the
BOP. These events not only may lead to loss of lives but also increase the cost of
drilling and reduce the chances that oil would be extracted from those wells, which is
undesirable.

[0008] Accordingly, it would be desirable to provide systems and methods that

avoid the afore-described problems and drawbacks.



that includes a first flow meter. The first flow meter is configured to include a liner configured to be
attached to the riser to cover a hole; a cover configured to be attached to the riser to cover the liner
such that a cavity is formed by the liner and the cover; an insert configured to be disposed into the
liner; a base configured to be attached to the insert; a sensor rod configured to be attached to the base

and to extend inside cavity, the sensor rod havinﬁ a bore'; a magnet assembly configured to be fixedly
attached to the sensor rod; a position sensor at cover; and a waveguide tube attached to
the position sensor. The bore of the sensor rode is configured to receive the waveguide tube.
[0011]AccHaRRY to still AR RALMBRR*EMBIRIM TP AtimeRtatRRIgIISA R UARTISE Hlow meter
that includes a liner configured to be attached to a riser to cover a hole; a cover configured to be
attached t8MAEHSAIRY EBGE thd MRdIow Breten dp e demyPidneraa igHisd Ifﬂé?eaﬂﬁ%%%%ﬁ a sensor
rod configured to be attached to the liner and to extend inside cavity, the sensor rod ha inq_a bore; a
magnet aSSShIHR R G0 DHETHRILY AHALRA R RFALahsd G t %6'%%%9/88&%&%‘90@5&ached

to the cover. The bore of the_ sensor rode is confi%ure to receive the_wave\%léi[%e tube, BRIEF

DESCRIPTYORIBR #192 R RANRSS (06 13771 LALShiBE RANG o AR WAIIPHFE i Rforated in
and constitute a part of the specification, illustrate one or more embodiments and, together with the
descriptioR SBRAA LB Lt B eS T5 SRELHIRRAS. RSCAHRSRRA R SEREn R Rl e of a
conventioggln iga?&rjetcr)i%e attached to the base and to extend inside cavity, the sensor rod

having a bore; a magnet assembly configured to be fixedly attached to the sensor

rod; a position sensor attached to the cover; and a waveguide tube attached to the

position sensor. The bore of the sensor rode is configured to receive the waveguide

tube.

[0010] According to another exemplary embodiment, there is a mudline riser

that includes a first flow meter. The first flow meter is configured to include a liner

configured to be attached to the riser to cover a hole; a cover configured to be

attached to the riser to cover the liner such that a cavity is formed by the liner and

the cover; an insert configured to be disposed into the liner; a base configured to be

attached to the insert; a sensor rod configured to be attached to the base and to

extend inside cavity, the sensor rod having a bore; a magnet assembly configured to

be fixedly attached to the sensor rod; a position sensor attached to the cover; and a

waveguide tube attached to the position sensor. The bore of the sensor rode is

configured to receive the waveguide tube.

[0011] According to still another exemplary embodiment, there is a mudline

riser annulus flow meter that includes a liner configured to be attached to a riser to

cover a hole; a cover configured to be attached to the riser to cover the liner such
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[0014]Figure 2 is a schematic diagram of a riser according to an exemplary embodiment; [0015]Figure
3 is a schematic diagram of a riser having a flow meter according to an exemplary embodiment;
[0016]Figure 4 is a schematic diagram of a flow meter according to an exemplary embodiment;
[0017]Figure 5 is a schematic diagram of a flow meter according to an exemplary embodiment;

[0018]Figure 6 is a schematic diagram of a riser having plural flow meters _
that a cavity is formed By the liner and the cover; a sensor rod configured to be

attached to the liner and to extend inside cavity, the sensor rod having a bore; a
magnet assembly configured to be fixedly attached to the sensor rod; and a
waveguide tube attached to the cover. The bore of the sensor rode is configured to

receive the waveguide tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the

description, explain these embodiments. In the drawings:

[0013] Figure 1 is a schematic diagram of a conventional offshore rig;
[0014] Figure 2 is a schematic diagram of a riser according to an exemplary
embodiment;

[0015] Figure 3 is a schematic diagram of a riser having a flow meter

according to an exemplary embodiment;

[0016] Figure 4 is a schematic diagram of a flow meter according to an

exemplary embodiment;

[0017] Figure 5 is a schematic diagram of a flow meter according to an

exemplary embodiment;

[0018] Figure 6 is a schematic diagram of a riser having plural flow meters
according to an exemplary embodiment; and

[0019] Figure 7 is a flow chart illustrating steps of a method for attaching a

flow meter to a riser according to an exemplary embodiment.



according to an exemplary embodiment; and [0019]Figure 7 is a flow chart illustrating steps of a
method for attaching a flow meter to a riser according to an exemplary embodiment. DETAILED
DESCRIPTION [0020]The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify the same or
similar elements. The following detailed description does not limit the invention. Instead, the scope of
the invention is defined by the appendetleitiHs=PhE Ffamtig 8B odiments are discussed, for
simplicity, with regard to the terminology and structure of a riser connected to a subsea BOP.
However, B82Hhbodimdite fB'P&W@é?@%@boﬂ@?tqr@ﬁ&’ﬁﬁmf@a%m wepiseist® thdh®e applied
to other systems that require the detection of a fluid flow undersea. [0021]Reference throughout the
specificatiBAIEMEREMAHIRMESS: of RS ARB RifFRAte METIRSIRAP A fsrlidrawinRgIdani&ure, or

characteristic described in connection with an embodiment is included in at least one embodiment of

the subjed{ P SABIGRICIBLAT flRReHe abpe iPlnringrdRtARTLRICHRINEAGEB ARMIBHE1BE in an

embodiment"” in various places throughout the specification is not necessariz{)r fecl'crlng to the same

embodimdRYSRARe NHEHNG BIORS R e MNRANIPESSAEHARL BN R ERREP S EHBISed Many

suitable manner in one or more emboagliments. o ) )
following embodiments are discussed, for simplicity, with regard to the terminology and

structure of a riser connected to a subsea BOP. However, the embodiments to be
discussed next are not limited to these systems, but may be applied to other systems
that require the detection of a fluid flow undersea.

[0021] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0022] According to an exemplary embodiment, a flow meter is provided not
only at a surface pump that pumps a mud through a riser but also at a location closer
to a BOP or closer to a seabed surface. In this way, a flow rate difference between
the flow rate of the pump and the flow rate of the return mud at the seabed surface
may be detected earlier than in a case in which the flow rate of the return mud is
determined at the sea surface. In this way, some abnormal behaviors in the riser
may be detected prior to those abnormal behaviors surfacing with potential

devastating effects. As a given amount of mud that starts its journey from the
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[0022]According to an exemplary embodiment, a flow meter is provided not only at a surface pump
that pumps a mud through a riser but also at a location closer to a BOP or closer to a seabed surface.
In this way, a flow rate difference between the flow rate of the pump and the flow rate of the return
mud at the seabed surface may be detected earlier than in a case in which the flow rate of the return
mud is determined at the sea surface. In this way, some abnormal behaviors in the riser may be

detected FRABURIIEHWBIFRIBRaNEY Kuthe g WK ek delasninHieeteasiye a dhwen

amount of mud that starts its journey from the seabed or the bottom of the well to the rig may take
about 20 HifhR¥LH N AGtestinR the Mnesmpeltiewaidhad i inthe nel B1aNivadna the well may
give the personnel operating on the rig a time window enough for shutting down the well or
abandonirRFliseNE| BRBEHIRSLEH "G aimS. ‘f@@?@]’)&@m%@ﬂ%%@mwadaﬁjw&'ﬂ:@'ure 1,a
plurality of risers 40 are used to connect an undersea BOP 26 to a rig 12 at the sea surface. The
risers are SEARMRTANY MW el SerepringantgstimatitRerial that can withstand high pressures,
corrosive environments and some bending due to the constant movement of the rig. Thus, each riser
has a conl®PBek outer SAHISFIPSEERMTVE Wikds9BrdHe FHEYRolviRgPiverlinof Hisers 40 are
[0024]According to an exemplary embodiment illustrated in Figure 2, there is a riser 50 having first 52
and secortf84 ?%ﬁ@@%ﬁ&?&ré’%ﬁ'ﬁiﬁ?r&gg &ShiteRtrie ARARENGiSEARYSI8EE ol bGLIISIRENETE.g., BOP
56. Figure 2 shows that riser 50 connected via flange 54 to a BOP 56. For example, the riser 50 may

be deployBa XA MateHBleabRRIe e atedal dhaksan witksiand Wghnected to the

BOP 56. Bolts 58 are used to connect flange 54 to BOP 56. An outer surface or skin 60 of the riser 50
is configuRiE IS PRV SATORNR SNY RNV SRS L NURR GLdOHlRe AP SENAMGNSMERE may

be attache? 0 the risler as discussed next. [0025]As shown in Figure 2, a hole 64 is formed on a side
of the rise?'5H'QN9- hus, each riser has a continuous outer skin for preventing a leakage of

the mud flowing inside the riser.

[0024] According to an exemplary embodiment illustrated in Figure 2, there is
a riser 50 having first 52 and second 54 flanges that are configured to connect to
another riser or piece of equipment, e.g., BOP 56. Figure 2 shows that riser 50
connected via flange 54 to a BOP 56. For example, the riser 50 may be deployed
away from the BOP. However, the riser 50 does not has to be directly connected to
the BOP 56. Bolts 58 are used to connect flange 54 to BOP 56. An outer surface or
skin 60 of the riser 50 is configured to prevent a leak of a fluid flowing through an
inside 62 of the riser 50. A flow meter may be attached to the riser as discussed
next.

[0025] As shown in Figure 2, a hole 64 is formed on a side of the riser 50 and
that hole may be covered with a liner 66 as shown in Figure 3. The shape and size
of the hole 64 and consequently the liner 66 may vary based on a location of the
riser 50 relative to the seabed, an internal diameter of the riser, etc. However,

various shapes and sizes may be used. The liner 66 may be made of an elastomeric
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that hole may be covered with a liner 66 as shown in Figure 3. The shape and size of the hole 64 and
consequently the liner 66 may vary based on a location of the riser 50 relative to the seabed, an
internal diameter of the riser, etc. However, various shapes and sizes may be used. The liner 66 may
be made of an elastomeric material or a metallic material that has the property to withstand the
pressure of the mud and also to deform without breaking or cracking when the pressure of the mud is
different frE}AtREApAER TEGH 'tﬁé*ﬁ’f%féhfh%h%?iH‘SrPé?)‘bﬁiBé(t?@ntH;‘/tﬁfﬁéhﬁl RR2E R FRRbiB%nough
and pressure resistant may be used for the liner 66. [0026]The liner 66 is configured to fully cover hole
64 so that My AABBIPPiINCIHE R EERSElSARIIRG 26 SRR B T RiFRT R IR AL he liner
66 is fixed to the riser, e.g., by being bolted between a bracket 68 and a cover 70. Bracket 68 may be
attached tStAEREAIRTHECHIES T MAl e ATARISBH stHaSr BrfrRPRHSTIRA tRAY (AR tand
high pressures and/or corrosive environment. The cover 70 may be part of a flow meter 71.

[0027]Acctiahig te4Rle@PaMaR AARSERALR, eRiSiAa! B8 AE MBRHEORINGEe 864, made for

example, out of a metal_Other materials are also possible. The insert 104 may be provided towards a
center of tHPRMr 66. THOMABRMER imayrfigyind iR AtmRwridaie B4 80 iRatneHlWd %M 08 having
a matching threaded extension may be treaded. Figure 4 shows in more details the elements_
discussed'3BiGGNELIRET G8 S QW AT A Faf LGrisRiPL YRS HBEFREPNRIGNEE 16 dREHG8 1S
configured to connect to a sensor rod 110. The sensor rod 110 may have a cylindrical shape with a
bore 111 forREPIRTIASRRETiaRY BRiPR ROlIRdreHesttAlyAR®Y 0 AN DENEHAntegrally with
the base 108 or as two different pieces that attach to each other, e.qg., screw, Weléj, etc. A magnet
assembly BTRSHELPBATAA DR IR L5 FS1128; d Be B9 VEbaR TRy PhRaTASG dealbly 112
may include one or more magnets having a disc form with a central bore configured to fit the central
bore 111 GRKSERRIFHE D85, SR ABSIARCAIEN BIEAUER R FALRh RO 38 ¥ FRITBE Plural

magnets connected or not to each othFr.
The cover 70 may be part of a flow meter 71.

[0027] According to an exemplary embodiment, the liner 66 may include an
insert 104, made for example, out of a metal. Other materials are also possible. The
insert 104 may be provided towards a center of the liner 66. The insert 104 may also
include a threaded hole 106 in which a base 108 having a matching threaded
extension may be treaded. Figure 4 shows in more details the elements discussed
above. Base 108 has the threaded extension 108a inserted into insert 104 and it is
configured to connect to a sensor rod 110. The sensor rod 110 may have a
cylindrical shape with a bore 111 formed around the middle of the cylinder. The
sensor rod 110 may be made integrally with the base 108 or as two different pieces
that attach to each other, e.g., screw, weld, etc. A magnet assembly 112 may be
attached to the sensorrod 110, e.g., by a bolt 114. The magnet assembly 112 may
include one or more magnets having a disc form with a central bore configured to fit
the central bore 111 of the sensor rod 110. In one application, the magnet assembly

112 may include plural magnets connected or not to each other.
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[0028]A position sensor 116 (e.g., a transducer) may be attached to an outside of the skin 60 of the
riser 50. Figure 4 shows the position sensor attached to cover 70, outside cavity 124. The position
sensor 116 may have many configurations. For simplicity, only a magnetostrictive sensor is discussed
next. The position sensor 116 includes a waveguide tube 118 that is configured to enter the bore 111
in the sensor rod 110 so that the sensor rod 110 is free to move along an axis X as shown in Figure 4
when the ¥9428104 mofeBSHRASSNRARE BiierSb6 A HaRSHHE8ELRNRR B FRAGLIMETiser 50. A
principle of operation of the position sensor 116 is discussed next. However, this discussion is
exemplanPRIdRPHHRA SN BNphthtkripes®r SdaumArRrmay eRRENANISEIRCR&ash #6r to
determining the flow of the mud. [0029]A spacer 120, such as an o-ring, may be placed between
magnet aSHRBIIC: PHLIdeERYEY ﬂ&fii@?%ﬂbﬂ@?ﬁs%%’?ﬁﬁﬂlwﬁzrﬁ%g’]ﬁ&%m or more permanent
magnets. In sgme embodiments, magnet assembly 112 may include three magnets; four magnets in
other embRfH@WRLIGAT nfc?k ARG QR R REPS IR ISEARRE It 'R@ﬁﬁ?ﬂé‘@fﬁtio%ﬁ‘?y
waveguide tube 118 may be located within the sensor rod 110. In one application, sensor rod 110 is
radially spARedRAPARONAIEJRINAED @ YaYeg WL bt ks it Rt R FOREOMIS L IR ISH 1hEr 66 or to
cause wear on waveguide tube 118. Similarly, magnet assembly 112 may be radially s’oaced apart
from wavetfiidd bl 118 SANSQbmREdTdNSedhAARe selnsEost IHO i tadBavbRIAS Ay be in
a plane transverse to waveguide tube 118. [0031]Additionally, a conducting element or wire (not

shown) m3}'B&"188a380 ¥ S GHIHES e MBF BRI RAIEAAEROVES. 188RIRE VAl BRiNEUEGuide tube

118
due to pressure changes inside the riser 50. A principle of operation of the position

sensor 116 is discussed next. However, this discussion is exemplary and not
intended to limit the types of sensors that may be used with the riser 50 for
determining the flow of the mud.

[0029] A spacer 120, such as an o-ring, may be placed between magnet
assembly 112 and sensor rod 110. Magnet assembly 112 may include two or more
permanent magnets. In some embodiments, magnet assembly 112 may include
three magnets; four magnets in other embodiments; and more than four magnets in
yet other embodiments.

[0030] The stationary waveguide tube 118 may be located within the sensor
rod 110. In one application, sensor rod 110 is radially spaced from the waveguide
tube 118 so as not to interfere with the movement of liner 66 or to cause wear on
waveguide tube 118. Similarly, magnet assembly 112 may be radially spaced apart
from waveguide tube 118. In selected embodiments, magnets of the magnet
assembly 112 may be in a plane transverse to waveguide tube 118.

[0031] Additionally, a conducting element or wire (not shown) may be located

through the center of waveguide tube 118. Both the wire and waveguide tube 118
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may be connected to the position sensor 116, located external to cover 70, through a communications
port 122. Position sensor 116 (e.g., a transducer) may also include a suitable means for placing an
interrogation electrical current pulse on the conducting wire. Appropriate 0-rings or other seals (not
shown) are located between the waveguide tube 118, the cover 70 and the position sensor 116 to seal
against leaks. [0032]As a pressure difference between the inside 62 of the riser 60 and a cavity 124
formed beTHBERAOAORHTD B eHRORNN B EUMRIGELO tecRgeHEKRAOAH AHeP¥ER IS HHHOLES #hd
magnet assembly 112 move along axis X. Thus, by the operation of the magnetostrictive sensor
disposed #RTFERURIGAHBESIPRTI %@te?rﬁﬁi@%hsﬁ%ﬂﬁﬂl] US tshsR HRDBPNARI Bran@iRoineb8Rinsert
104 relative to a non-disturbed position. Based on this displacement of a portion the liner 66 and/or the
insert 1042SHEANSE6AMR fRTURIRIDAGN tisHagRte) Slardr it coT sPHISaaR Hfhed. [0033]with
regard to the operation of the magnetostrictive sensor, magnetastriction refers to the ability of some
metals, sUtPEYFIROVERKENRRPTPERAR LTS S8 1BE5 S50 5 (FOh FROMNM ATHIAEBLER a magnetic
field. A magnetostrictive waveguide tube 118 may have_an area within an external magnet assembly
112 that iPfRMGRRITGVAMEsHEdedHRR My tReCa¥eE BRI’ Fﬂ%ﬁig%{?e%ef&%ﬁt&&a&ﬂ?%'out
waveguide tube 118. Magnetic assembly 112, as described above, includes permanent magnets that
may be lo84R8%'8981y spaced positions apart from each other, in a plane transverse to waveguide
tube 118, and radially equally spaced with respect to the surface of waveguide tube 118. An external
magnetic P establiéhe@l BiESRYRAiEaReRde e MeHRIAR BARRAIRAMER A8 an area
of waveguide tube 118. [0034]Waveguide tube 118 surrounds a conducting wire (not shown) located
along its £AY Y HLEJREGHEIMYEFALDDEDE AN ShR 4RSS GAENBRSRS NRHSFEIdUAcal current

in a manner well-known in the art, such as by f;%;ition sensor 116 IocTted on th side c%ver 70.

. eo f
Such a cuffEhiReRRRE LG dith PR SPRUBSIATSEIUNY e BRYEARGIAE SR ﬁé\%@gﬁ&é fibe
118. When the toroidal magnetic field intersects with the magnetic field generated by the magnetic
scomby D AR A GRE H H LVR R R VR B 1L 6 By TR S Wi that
travels toward both ends of the waveguide tubg 118, SUif(L} ble dam era{{n%ishown at the ends of
waveguid8 b e HRKS RSN HESLOS BEIAFHRES AR C pNSEH R JERIY RGN er, at the

transducer end or(;:%ad, the helical wave is transformed to a waveguide twijst, which exerts a lateral
SR srastien: hedine A8 eI

stress in \%Wﬁ %H%ty%ﬁ% éﬁbﬁ“&ﬂiﬁ%@%w% iGhREHSEr . !r]@rp rﬂﬂﬂé?{_o %nown as
b e SRSyl M Lo ARt g oo s eals Ko dturved by
may also S‘é*t‘gl'r% rt]r(laié.voltage for metering or control purposes.
[0033] With regard to the operation of the magnetostrictive sensor,
magnetostriction refers to the ability of some metals, such as iron or nickel or iron-
nickel alloys, to expand or contract when placed in a magnetic field. A
magnetostrictive waveguide tube 118 may have an area within an external magnet
assembly 112 that is longitudinally magnetized as magnetic assembly 112 is
translated longitudinally about waveguide tube 118. Magnetic assembly 112, as
described above, includes permanent magnets that may be located at evenly spaced
positions apart from each other, in a plane transverse to waveguide tube 118, and

radially equally spaced with respect to the surface of waveguide tube 118. An
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[0035]Because the current pulse travels at nearly the speed of light, and the acoustical wave pulse
travels roughly at only the speed of sound, a time interval exists between the instant that the head-end
transducer receives each pulse compared with the timing of the electrical pulse produced by the
head-end electronics. This time interval is a function of the distance that the external magnet assembly
112 is from the transducer end of the tube. By measuring the time interval and dividing it by the sound

velocity offisRghironclifligls sstariiabedibk mrReARE srgRMkhgAdLa¥dtiftbP®om the head

end of the tube can be determined. By proper calibration, this distance may be mapped to a flow inside
the riser SENABMSBANY 01290RHAR B heEBRMT W YRGS 8B of the riser and the external
diameter of the drill line, various pressure differences and implicitly displacements of the waveguide
tube 116 NI correldféateanid e SHRR JRRY MRERS SRERM UL VISR dnEb RPN Pﬁe@)‘@irmined
table. Then, based on, theTpredetermin_ed table, a processor may identify the corresponding flow to a
given pre<AQiOdiReRISe DIURIMLHGHAG V{60 863 bSitiorr Qeicaivi R es) MR gRS kAN 26 that
allows electrical signals to be sent to the wavequide 118 and also to transmit a measurement of the
waveguid@? BISSHHSALIHESYdRiGheBRLEF. WebrRappithiih athestich @R S RRIHOR 88838 Hanged
between the position sensor 116 and a processor on the MUX pod (not shown) or a processor on the
vessel 12.“?1&??&?1@%%%&%%3!% Bf%&ﬂrge%wqr%éﬂ?rmlﬂ@%ﬁ&ﬁ:@g%?' B RAYREFmining
the flow rate inside the riser 50. [0037]The liner 66 is discussed now with regard to Figure 5. Liner 66
may have ‘S ASBI thiBRAUAMEH O MG AdMiBNassadsHRE 4 189 ¥ hradhestorsidalcommodating
the insert 104. In on ?xem lary embodiment illustrated in Figure 5, the insert 104 is fully embedded
into the cARRENBURIER BORCTPETHUN b A THARTCURAREIFRESAIH e N 6ol FraSRerDaN.
e R e Sa S B A DR T R SR B 98 S hgliee eer 10

pulse that travels toward both ends of the waveguide tube 118. Suitable dampers
(not shown) at the ends of waveguide tube 118 may prevent echo reverberations of
the pulse from occurring. However, at the transducer end or head, the helical wave
is transformed to a waveguide twist, which exerts a lateral stress in very thin
magnetostrictive tapes connected to position sensor 116. A phenomenon known as
the Villari effect causes flux linkages from magnets running through sensing coils to
be disturbed by the traveling stress waves in the tapes and to develop a voltage
across the coils. Position sensor 116 may also amplify this voltage for metering or
control purposes.

[0035] Because the current pulse travels at nearly the speed of light, and the
acoustical wave pulse travels roughly at only the speed of sound, a time interval
exists between the instant that the head-end transducer receives each pulse
compared with the timing of the electrical pulse produced by the head-end
electronics. This time interval is a function of the distance that the external magnet

assembly 112 is from the transducer end of the tube. By measuring the time interval
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[0038]Returning to Figure 3, a compensating system 130 is configured to communicate with cavity
124 for controlling a pressure inside the cavity. In this respect, a pressure inside the cavity 124 is
allowed to be equal to an ambient pressure, e.g., sea water pressure at the depth where the riser 50 is
deployed. When the riser 50 is at the surface, the pressure inside cavity 124 is the atmospheric
pressure. However, once deployed undersea, the pressure inside cavity 124 is maintain at ambient
pressure RNGHY IOk EIE. sounpreIghityos BrerRoatondpsidsiaaiyRethrakif MSide the
cavity 124, e.g., air, and the sea water. The pressure inside the cavity 124 may be increased to
account fof #amMgRIRIdheicacehaprerBlYHe mieckrad enebrEbdipie irelobsodetasmingsr with
18ppg mud the hydrostatic head may be around 4500 psi. This pressure applied a force to the liner
that may riR¥PIBRRY Galfabianif iz dsicoeaseay PrBARRES Rt AN R IReLiRa ey BT
preferred. The compensating system 130 may be fluidly linked to a pressure source, e.g.,
accumulatB¥eBIPiRe!RkiING B8, 36Fprevitheg s aatdisrasten ofiBrIE ek AP Me6EPknsating the
sea weight of the mud column. In one application, the pressure of the mud column being larger than
the ambie MRS dhedddingavarious RTevert: ﬁ@%f&%%%@?,dd%Wﬁf@%@iﬁ%ﬁﬁf@@é‘g?é’ﬁmay be
applied to cavity 124 such that a sum of (i) the supplementary pressure and (ii) the ambient pressure
of the seaWaSPXGAHIS e preEER Y the FNTREBRAA. BRECCSSRANHRM Bras firRuMRINS
calculated based on the density of the mud column, density of sea water and the depth of the flow
meter relafl618 WS d FrAcReARISENRNGE IR bEGRrEF%7S e gPHRARETHAGE faRKssible
either by the operator of the flow meter or by the processor determining the flow jn the riser. Thus, in
one applicAfSACRRSProRakdde iy taGaufseR e N e QNSRARIRYFG HIECERRERPhe applied
to the cavity 124. [0039]Thus, when in use, the flow meter detects a flow rate of a fluid, e.g., mud
inside theﬁ%&l?ﬁ RE'bn the pressure difference of the mud at that depth and the sea water pressure
at the same depth. If the_flow though the riser is constant, the deformation of the liner 66 is constant
and the pd@fi3Rlsensor 198 IRASHINAS & 1GHHRYIRAN GEIES IR @AiowsSirslinat, the
deformation of%ge liner 66 may change which determines the position of the sensor rod 110 to
change. THIS S POGRINEER L T%?@é‘ﬂ}qfet@ﬁﬁ{ya? IytrnseaitiameRPEERREN S ethe
processor analyzing this data may determine the fluid flow change inside the riser 50. [0040]According
o an exeilUFS RIS P P By A S B ARLr D 7 D G99y 68 8adod t

roacing, PR EABRTRDSAED LEFBBLRBE RRECA O oA I8 FRa TS WP Sfle, & firs
fows oo dBEh AU AN PEAP SRR 2 B SPAr TR BEAN BN DS ATND of e
reading. e B TS Tl S S o LR 1S Y o CRtmmiohig The fow T2 nside the riser

50.

[0037] The liner 66 is discussed now with regard to Figure 5. Liner 66 may

have a variable thickness with a central portion 66a having a larger thickness for

accommodating the insert 104. In one exemplary embodiment illustrated in Figure 5,

the insert 104 is fully embedded into the central portion 66a of the liner 66. Further,

only the threaded hole 106 of the insert 104 is configured to be exposed to cavity

124 when the base 108 is not in place. Otherwise, the insert 104 is not exposed to

the inside 62 and cavity 124.
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measuring a fluid flow in a riser provided undersea for the following reasons. Because the fluid flowing
through the riser is dirty, e.g., may include rocks, stones, soil particles, etc., existing turbine flow
meters would fail as the turbines and/or paddle wheel may get stuck. The ultrasonic and thermal mass
flow meters are not suitable as the fluid density may be changing and also the solids concentration in
the flow. The Coriolis and oval gear meters are also not suitable because of the minimal flow
restriction BRd. NeitREMEDSIRIEIFHER s 2RO IRERRtRARY SIS MA0 Imceniioniamhiss or solids
circulating within. A subsea magnetic flow meter is not appropriate due to its minimal envelope
dimensionSOTOBWS)&RES MiHY GBVARY dednipTF9Errling A ERB YR inaide thsure vitthdRetiisa method
for attaching a flow meter as discussed in the previous figures to a riser. The method includes a step
700 of attAERMECh MBraESHIRsEISde R Yibie! Rk aliowed dp-Rer8aval 4R A AIgRI%R_hsor rod to the
liner, a step 704 of providing a cover over the liner and the sensor rod, a step 706 of attaching a
position sEHESFYERNE Boviiraaler REPSPHECA LR ARRI A WAk thad BRI i EeRIQHRAY sensor such
that the waveguide tube extends inside the cover and partially enters a bare in the sensor rod.
Optionally?\mg 585 A0de 2L 18R S WAt AP EPHEERS AR IR 4 2kl5 S AlNRSEReHiSse to
the insert, a step of screwing the sensor rod into the base, etc. [0043]The disclosed exemplary
embodimé)r{%SBEW'rdé_'QWSM%ﬁﬂé’fé??a SRR UPARISRA AerRESESMR a5 SR gt ArShside of the
riser. It should be understqod that this description s not intended to limit the invention. On _the
contrary, fﬁ‘@'&%&%@%ﬂ?ﬁ%ﬁ&ﬁ?&ﬁw %?éyi RdePIeX8BP S & AiRRBLLIRA QRiBRISH a a2 for
equivalents, which are included in the sp‘iﬂt and scope of the invention as defined by the appended

claims. F&WQ{%H%&%{H&QM&&?«B& BIRY i By eRIb RN EMESSRINBIBTS SPEcific details

o Sl A A AU R ETRSSA RS (8 B RERIP RN RS

P G e L LR R ey G
in varioushcyo robsiPe?th H%g\gt%gvﬁiéhg%u%tg %88%&?5 ﬁq% %lreens]glr}% gi;?&'%%eg oerE:%ir{b the liner
that may need to be balanced. If this is the case, a piston 132 rather than a
diaphragm may be preferred. The compensating system 130 may be fluidly linked to

a pressure source, e.g., accumulators on the MUX pod, for providing an extra
pressure inside cavity 124 for compensating the sea weight of the mud column. In
one application, the pressure of the mud column being larger than the ambient
pressure of the sea water at the level of the flow meter, a supplementary pressure
may be applied to cavity 124 such that a sum of (i) the supplementary pressure and
(i) the ambient pressure of the sea water equals the pressure of the mud column.
The supplementary pressure may be calculated based on the density of the mud
column, density of sea water and the depth of the flow meter relative to the sea

surface. These values may be stored in a storage device that is accessible either by

the operator of the flow meter or by the processor determining the flow in the riser.
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[0045]This written description uses examples of the subject matter disclosed to enable any person
skilled in the art to practice the same, including making and using any devices or systems and
performing any incorporated methods. The patentable scope of the subject matter is defined by the
claims, and may include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims. WHAT IS CLAIMED IS: 1. A mudline riser annulus flow
meter, the HOW® niR@PEADRIABARIHGSPIAEE68Y ExMrigiedRlise iErissmiBethger (50) to cover a
hole (64); a cover (702 configured to be attached to the riser (50) to cover the liner (66) such that a
cavity (128 RRIGTRABY (RECRINrede) i aRREEIR NG 82 YN ingért (104) configured to be disposed
within the liner (66); a base (108) configured to be attached to the insert (104); a sensor rod (110)

configured 99 $¥ attache VBRI IN¥ES) YisiiR L REterifsigsSRiflPr 52t flePdlidoSr8dt (110)

having a bore (111); _ _
mud’inside the riser, based on the pressure difference of the mud at that depth and

the sea water pressure at the same depth. If the flow though the riser is constant,
the deformation of the liner 66 is constant and the position sensor 116 determines a
single position. However, when the flow is irregular, the deformation of the liner 66
may change which determines the position of the sensor rod 110 to change. Thus,
the position sensor 116 may determine a changing position and consequently, the
processor analyzing this data may determine the fluid flow change inside the riser
50.

[0040] According to an exemplary embodiment illustrated in Figure 6, multiple
flow meters 71a to 71c may be added to the riser 50. The number of flow meters
may vary between one and ten. For providing an accurate reading, a size of the liner
66 may be correlated with a flow through the riser. Thus, for example, a first flow
meter may be used for flows between 0 and 300 gpm (gallons per minute) and
another one for flows between 300 and 600 gpm. The larger the area of the liner 66
the better the accuracy of the reading.

[0041] The differential pressure flow meter 71 discussed above is suitable for
measuring a fluid flow in a riser provided undersea for the following reasons.
Because the fluid flowing through the riser is dirty, e.g., may include rocks, stones,
soil particles, etc., existing turbine flow meters would fail as the turbines and/or
paddle wheel may get stuck. The ultrasonic and thermal mass flow meters are not

suitable as the fluid density may be changing and also the solids concentration in the
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a magnet assembly (112) configured to be fixedly attached to the sensor rod (110); a position sensor
(116) attached to the cover (70); and a waveguide tube (118) attached to the position sensor (116),
wherein the bore (111) of the sensor rode (110) is configured to receive the waveguide tube (118). 2.
The flow meter of claim 1, further comprising: a compensating mechanism connected to the cover
and configured to provide an ambient pressure inside the cavity. 3. The flow meter of claim 2,

wherein tHEP¥mpaR SRRy imaBHRvVahosehpIIes AR AR HRTGUIERDIS BppRrasahbNemainiam!
pressure to the cavity such that a sum of (i) the ambient pressure and (iigthe sﬁﬁmentary pressure
low may

is substanti@n "e§tliftienalieusske NettieritH Borpigsigttsraarasiiabletns

have air bubbles or solids circulating within. A subsea magnetic flow meter is not
appropriate due to its minimal envelope dimensions.

[0042] According to an exemplary embodiment illustrated in Figure 7, there is
a method for attaching a flow meter as discussed in the previous figures to a riser.
The method includes a step 700 of attaching a liner to a riser to cover a hole in the
riser, a step 702 of attaching a sensor rod to the liner, a step 704 of providing a
cover over the liner and the sensor rod, a step 706 of attaching a position sensor to
the cover, and a step 708 of attaching a waveguide tube to the position sensor such
that the waveguide tube extends inside the cover and partially enters a bore in the
sensor rod. Optionally, the method includes a step of attaching an insert to the liner,
a step of screwing a base to the insert, a step of screwing the sensor rod into the
base, etc.

[0043] The disclosed exemplary embodiments provide a flow meter, a riser
and a method for measuring a flow through an inside of the riser. It should be
understood that this description is not intended to limit the invention. On the
contrary, the exemplary embodiments are intended to cover alternatives,
modifications and equivalents, which are included in the spirit and scope of the
invention as defined by the appended claims. Further, in the detailed description of
the exemplary embodiments, numerous specific details are set forth in order to
provide a comprehensive understanding of the claimed invention. However, one
skilled in the art would understand that various embodiments may be practiced
without such specific details.
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4. The flow meter of claim 1, wherein the sensor rod is provided completely inside the cavity. 5.
The flow meter of claim 1, wherein a thickness of the liner where the insert is present is larger than a
thickness of the liner where the insert is not present. 6. The flow meter of claim 1, wherein the
base is screwed into the insert and the sensor rod is screwed into the base. 7. The flow meter of
claim 1, wherein the insert, base, sensor rod and magnet assembly are configured to move relative to

the waveglfl@84libe wheMthphebdhr feattnesirBa Glamyys of the RigseRMEXREARIAY claim 1, wherein

the waveguide tube is configured to generate an electrical signal when the magnet assembly moves
relative to BabRgBEgNIaa e Klescribgdn theamhedimsnthimParicHIRE COMBNRRGS: €a¢h interface

attached to the position sensor and configured to exchange electrical signals with a processor and the

waveguidée(ﬂ%.e or elemenh GaRRENSS @@;r&%mghgmdhe other features and elements of the

embodiments or in various combinations with or without other features and elements
disclosed herein.

[0045] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using
any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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a first flow meter (71a), wherein the first flow meter (71a) is configured to include, a liner (66)
configured to be attached to the riser (50) to cover a hole (64); a cover (70) configured to be
attached to the riser (50) to cover the liner (66) such that a cavity (124) is formed by the liner (66) and
the cover (70); an insert (104) configured to be disposed within the liner (66); a base (108) configured
to be attached to the insert (104); a sensor rod (110) configured to be attached to the base (108)
and to extt‘!\ﬁﬁ%f@e‘&bﬁi@é@i :the sensor rod (110) having a bore (111); a magnet assembly (112)

configured to be fixedly attached to the sensor rod (110); a position sensor (116) attached to the cover
(70); and 1. A mudline riser annulus flow meter, the flow meter (71) comprising:

a liner (66) configured to be attached to a riser (50) to cover a hole (64);

a cover (70) configured to be attached to the riser (50) to cover the liner (66)
such that a cavity (124) is formed by the liner (66) and the cover (70);

an insert (104) configured to be disposed within the liner (66);

a base (108) configured to be attached to the insert (104);

a sensor rod (110) configured to be attached to the base (108) and to extend
inside cavity (124), the sensor rod (110) having a bore (111);

a magnet assembly (112) configured to be fixedly attached to the sensor rod
(110);

a position sensor (116) attached to the cover (70); and

a waveguide tube (118) attached to the position sensor (116),

wherein the bore (111) of the sensor rode (110) is configured to receive the

waveguide tube (118).

2. The flow meter of claim 1, further comprising:

a compensating mechanism connected to the cover and configured to provide

an ambient pressure inside the cavity.

3. The flow meter of claim 2, wherein thé compensating mechanism
comprises a piston configured to apply a supplementary pressure to the cavity such
that a sum of (i) the ambient pressure and (ii) the supplementary pressure is

substantially equal to a pressure determined by a weight of a fluid inside the riser.
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a waveguide tube (118) attached to the position sensor (116), wherein the bore (111) of the
sensor rode (110) is configured to receive the waveguide tube (118). 11. The mudline riser of
claim 10, further comprising: a second flow meter having a structure similar to the first flow meter,
wherein an area of the liner of the first flow meter is different from an area of a liner of the second flow
meter. 12. The mudline riser of claim 11, wherein the first flow meter is configured to measure a
flow of O to about 300 gpm inside the riser and the second flow meter is configured to measure a flow
of about 300 to about 600 gpm. 13. The mudline riser of claim 10, wherein the first flow meter is

configured to medsdrRel i raieophiain dowiRgrairtishafesXdreyDRIgYIed fRIPMEENetween a

pressure inside the riser and a pressure inside the cavity. 14. A mudline riser annulus flow meter (71),
the flow mEYIHE7DEERYNsing: a liner (66) configured to be attached to a riser (50) to cover a hole
(64); a cover (70) configured to be attached to the riser (50) to cover the liner (66)

5. The flow meter of claim 1, wherein a thickness of the liner where the insert

is present is larger than a thickness of the liner where the insert is not present.

6. The flow meter of claim 1, wherein the base is screwed into the insert and

the sensor rod is screwed into the base.

7. The flow meter of claim 1, wherein the insert, base, sensor rod and magnet
assembly are configured to move relative to the waveguide tube when a pressure on

the liner changes.

8. The flow meter of claim 1, wherein the waveguide tube is configured to
generate an electrical signal when the magnet assembly moves relative to the

waveguide tube.

9. The flow meter of claim 1, further comprising:

an interface attached to the position sensor and configured to exchange
electrical signals with a processor and the waveguide tube.

10. A mudline riser (50) comprising:
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such that a cavity (124) is formed by the liner (66) and the cover (70); a sensor rod (110)
configured to be attached to the liner (66) and to extend inside cavity (124), the sensor rod (110)
having a bore (111); a magnet assembly (112) configured to be fixedly attached to the sensor rod
(110); and a waveguide tube (118) attached to the cover (70), wherein the bore (111) of the

sensor rode (110) is configured to receive the waveguide tube (118).
a first flow meter (71a), wherein the first flow meter (71a) is configured to

include,

a liner (66) configured to be attached to the riser (50) to cover a hole (64);

a cover (70) configured to be attached to the riser (50) to cover the liner (66)
such that a cavity (124) is formed by the liner (66) and the cover (70);

an insert (104) configured to be disposed within the liner (66);

a base (108) configured to be attached to the insert (104);

a sensor rod (110) configured to be attached to the base (108) and to extend
inside cavity (124), the sensor rod (110) having a bore (111);

a magnet assembly (112) configured to be fixedly attached to the sensor rod
(110);

a position sensor (116) attached to the cover (70); and

a waveguide tube (118) attached to the position sensor (116),

wherein the bore (111) of the sensor rode (110) is configured to receive the

waveguide tube (118).

11. The mudline riser of claim 10, further comprising:
a second flow meter having a structure similar to the first flow meter,

wherein an area of the liner of the first flow meter is different from an area of a

liner of the second flow meter.

12. The mudline riser of claim 11, wherein the first flow meter is configured to
measure a flow of 0 to about 300 gpm inside the riser and the second flow meter is
configured to measure a flow of about 300 to about 600 gpm.
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13. The mudline riser of claim 10, wherein the first flow meter is configured to
measure a flow rate of a mud flowing through the riser by pressure difference

between a pressure inside the riser and a pressure inside the cavity.

14. A mudline riser annulus flow meter (71), the flow meter (71) comprising:

a liner (66) configured to be attached to a riser (50) to cover a hole (64);

a cover (70) configured to be attached to the riser (50) to cover the liner (66)
such that a cavity (124) is formed by the liner (66) and the cover (70);

a sensor rod (110) configured to be attached to the liner (66) and to extend
inside cavity (124), the sensor rod (110) having a bore (111);

a magnet assembly (112) configured to be fixedly attached to the sensor rod
(110); and

a waveguide tube (118) attached to the cover (70),

wherein the bore (111) of the sensor rode (110) is configured to receive the

waveguide tube (118).
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