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FLUID VELOCITY FLOW METER FOR A WELLBORE

Field of the Disclosure

[0001] The embodiments described herein relate to a method and apparatus for measuring
fluid flow in a wellbore. Some embodiments of the apparatus may be a device that diverts
substantially all of the fluid flow around the exterior of the device. Some embodiments of the
method may enable the pressure to be measured at the exterior of at least two different diameters
to determine the fluid flow past the device. Among other things, the device may be beneficial in
determining the production contribution from a zone in a wellbore.

BACKGROUND
Description of the Related Art

[0002] During production of hydrocarbons from a wellbore, it may be beneficial to measure
the production being contributed by a single zone of the wellbore. A flow meter may be
positioned within the wellbore in an attempt to measure the fluid flow through the wellbore.
However, prior wellbore meters only capture a portion of the fluid that is flowing through the
wellbore. Conventional wellbore flow meter devices typically divert a portion of the fluid flow
through an interior of the device to measure the wellbore fluid flow while the remainder of the
fluid flow is diverted around the flow meter device. The use of only a portion of the wellbore
fluid flow through a device to measure the total wellbore fluid flow requires the operator to
estimate the actual total fluid flow through the wellbore. The reliance on an estimation of
wellbore fluid flow may make it difficult to accurately determine the amount of production that a

single zone is contributing to a wellbore.
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SUMMARY

[0003] The present disclosure is directed to a flow meter device and method that
substantially overcomes some of the problems and disadvantages discussed above.

[0004] One embodiment is a method of measuring production contribution from a zone in a
wellbore comprising inserting into a wellbore a flow device that comprises a first cylindrical
portion having a first outer diameter, a second cylindrical portion having a second outer diameter
smaller than the first outer diameter, a first pressure sensor configured to measure a first pressure
at an exterior of the first portion, and a second pressure sensor configured to measure a second
pressure at an exterior of the second portion. The method comprises positioning the flow device
adjacent a zone of the wellbore and measuring the first pressure with the first pressure sensor.
The method comprises measuring the second pressure within the second pressure sensor and
determining fluid flow in the wellbore adjacent to the zone from the first pressure and the second
pressure,

[0005]  The first pressure sensor may include a first plurality of pressure sensors configured
to measure the first pressure at the exterior of the first portion and the second pressure sensor
may include a second plurality of pressure sensor configured to measure the second pressure at
the exterior of the second portion. Measuring the first pressure may comprise averaging the first
pressure measured from the first plurality of sensors and measuring the second pressure may
comprise averaging the second pressure measure from the second plurality of sensors. The
method may include measuring the first pressure at a top band, a middle band, and bottom band
within the wellbore and measure the second pressure at the top band, middle band, and bottom

band of the wellbore.
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[0006] The method may include running the flow device into the wellbore on coiled tubing
and may include pumping fluid down the coiled tubing while measuring the first pressure with
the first pressure sensor and measuring the second pressure with the second pressure sensor. The
method may include transmitting the pressure measurements from the first pressure sensor and
the second pressure sensor to the surface. The pressure measurements may be transmitted on an
electric line or fiber optic line. The method may include running the flow device into the
wellbore on wireline and using a tractor to position the flow device adjacent to a zone. The
method may include measuring the conductivity of fluid within the wellbore. The first and
second pressure sensors may be configured to adjust the pressure measurement based on
temperature. The flow device may include a memory to store pressure measurements from the
first and second pressure sensors. The method may include positioning the flow device adjacent
a second zone in a wellbore, measuring a first pressure adjacent to the second zone, measuring a
second pressure adjacent to the second zone, and determining fluid flow in the wellbore adjacent
to the second zone from the first and second pressures.

[0007] One embodiment is an apparatus to measure production contribution from a zone of a
wellbore comprising a flow meter body configured to be positioned adjacent a zone in a
wellbore, a first cylindrical portion of the body having a first outer diameter, a second cylindrical
portion of the body having a second outer diameter smaller than the first outer diameter, a first
pressure sensor configured to measure a first pressure at an exterior of the first portion, a second
pressure sensor configured to measure a second pressure at an exterior of the second portion, and
a memory configured to store pressure measurements from the first and second pressure sensors,
wherein the body is configured so that substantially an entire fluid flow in a wellbore flows

around an exterior of the flow meter body.
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[0008] The apparatus may include a third cylindrical portion of the body having a third outer
diameter and a third pressure sensor configured to measure a third pressure at an exterior of the
third portion, wherein the memory is configured to store pressure measurements from the third
pressure sensor. The first pressure sensor may be a plurality of pressure sensors and the second
pressure sensor may be a plurality of pressure sensors. The body may include a central bore and
the body may be connected to coiled tubing positioned within the central bore of the body. A
communication line may extend from the surface and be connected to the first and second
sensors. The body may be connected to a wireline with a centralizer and tractor also being
connected to the wireline. The apparatus may include a plurality of sensors configured to
measure the conductivity of fluid within a wellbore. The apparatus may include a sensor
configured to determine the rotation of the flow meter body with respect to a high side of a
wellbore.

[0009] One embodiment is a system to measure fluid flow in a wellbore. The system
comprises a flow meter body, the body having a first cylindrical portion of the body having a
first outer diameter and a second cylindrical portion of the body having a second outer diameter,
the second outer diameter being smaller than the first outer diameter. The system includes a first
pressure sensor configured to measure a first pressure between an exterior of the first cylindrical
portion and a casing of a wellbore and a second pressure sensor configured to measure a second
pressure between an exterior of the second cylindrical portion and the casing of the wellbore.
The flow meter divers substantially all fluid flow within the wellbore between an exterior of the

flow meter body and the casing of the wellbore.



WO 2015/160925 PCT/US2015/025935

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows an embodiment of a flow meter positioned on coiled tubing positioned
within casing of a wellbore;

[0011] FIG. 2 shows the area between the casing and a first portion of an embodiment of a
flow meter;

[0012] FIG. 3 shows the area between the casing and a second portion of an embodiment of a
flow meter;

[0013] FIG. 4 shows an embodiment of a flow meter positioned adjacent a first zone of a
wellbore;

[0014] FIG. 5 shows an embodiment of a flow meter positioned adjacent a second zone of a
wellbore;

[0015] FIG. 6 shows an embodiment of a flow meter connected to wireline;

[0016] FIG. 7 shows an embodiment of a flow meter;

[0017] FIG. 8 shows an embodiment of a flow meter on coiled tubing within a wellbore; and

[0018] FIG. 9 shows an end view of an embodiment of a flow meter on coiled tubing.

[0019] While the disclosure is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and will be described
in detail herein. However, it should be understood that the disclosure is not intended to be limited
to the particular forms disclosed. Rather, the intention is to cover all modifications, equivalents

and alternatives falling within the scope of the invention as defined by the appended claims.
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DETAILED DESCRIPTION

[0020] FIG. 1 shows a flow meter 100, also referred to as a flow device or a diverting flow
device, positioned within a wellbore 10. The flow meter 100 may be positioned on coiled tubing
40 to locate the flow meter 100 at a desired location within the wellbore 10. The coiled tubing
40 may run through a central bore 105 of the flow meter 100. The flow meter 100 diverts fluid
flowing in the wellbore 10 around the exterior of the flow meter 100 so that substantially all of
the fluid flows between the exterior of the flow meter 100 and the casing 20, or tubing, or the
wellbore 10. The flow meter 100 includes a first portion 110 having a first outer diameter D1
and a second portion 120 having a second outer diameter D2. An angled surface 115 may
connect the first portion 110 with the second portion 120. The front end of the flow meter 100
may include an angled surface 125 that reduces the diameter of the flow meter 100 from the
second outer diameter D2 to substantially the outer diameter, COIL OD, of the coiled tubing 40.
Typically, the first outer diameter D1 is larger than the second outer diameter D2. FIG. 1 shows
the smaller portion, the second portion 120, being positioned downhole of the larger portion, the
first portion 110, for illustrative purposes only and other orientations are possible. The two
portions 110, 120 of the flow meter 100 have different outer diameters, but may be configured
differently than shown. For example, a portion of the flow meter 100 having a larger diameter
may be positioned downhole with respect to a portion of the flow meter 100 having a smaller
diameter. The first portion 110 and the second portion 120 may be concentric, eccentric, or
various other configurations as would be appreciated by one of ordinary skill in the art having
the benefit of this disclosure. The first portion 110 and second portion 120 may even be formed

in a soft or shallow curve.
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[0021] The flow meter 100 is positioned at a desired location within a wellbore 10 to
determine the total flow through the wellbore 10 at that location. The total flow through the
wellbore 10 is represented by Q with the arrow indicating the direction of flow. The velocity of
the fluid as it flows between the second portion 120 of the flow meter 100 and the casing 20 is
represented by V2 with the arrow indicating the direction of flow. The velocity of the fluid as it
flows between the first portion 110 of the flow meter 100 and the casing 20 is represented by V1
with the arrow indicating the direction of flow. The first portion 110 of the flow meter 100 may
include pressure sensors 111A and 111B that are configured to measure the pressure at the
exterior of the first portion 110 of the flow meter 100. The second portion 120 of the flow meter
100 may include pressure sensors 121A and 121B that are configured to measure the pressure at
the exterior of the second portion 120 of the flow meter 100. The pressure sensors 111 and 121
are in communication with the exterior of the flow meter 100 via conduits 130. The pressure
sensors 111 and 121 are used to determine the flow through the casing 20 at the location of the
flow meter 100 as will be discussed herein. The number, configuration, and location of the
pressure sensors 111 and 121 for each section 110, 120 of the flow meter may be varied
depending on the application as would be appreciated by one of ordinary skill in the art having
the benefit of this disclosure.

[0022]  In fluid dynamics, Bernoulli’s principle states that for an inviscid flow, an increase in
the speed of the fluid occurs simultancously with a decrease in pressure or a decrease in the
fluid’s potential energy. In a steady flow, the sum of all forms of mechanical energy in a fluid
along a streamline is the same at all points on the streamline. Using this principle, the measured
pressures by the pressure sensors (e.g. 111 and 121) may be used to determine the volumetric

flow rate, Q, of the wellbore at the location of the flow meter 100. Because the mechanical
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energy in a fluid streamline is the same, the following equation holds true, if we discard the
gravitational potential, where p is fluid density and where P1 is the pressure and V1 is the
velocity at a first point along the streamline and P2 is the pressure and V2 is the velocity at a

second point along the streamline.
1 1
P1 +§>t<p>l<V12 = P2 +§>I<p>I<V22

[0023] P1 may be determined from pressure sensors 111A, 111B located along the first
portion 110 of the flow sensor 100. P1 may be the average pressure measured from the two, or
more, sensors located along the first portion 110 of the flow sensor 100. Likewise, P2 may be
determined from pressure sensors 121A, 121B located along the second portion 120 of the flow
sensor 100. P2 may be the average pressure measured from the two, or more, sensors located
along the second portion 120 of the flow sensor 100. The measured pressures may be recorded
in a memory 140 within the flow sensor 100 that is in communication with each sensor 111, 121
via communication lines 145. Alternatively, the measured pressures may be transmitted in real
time to the surface as discussed herein. The pressure sensors 111, 121 may be pressure
transducers, thermocouples, or other sensors that may be used to measure the fluidic pressure
located at the exterior of the flow sensor 100 between the flow sensor 100 and the casing or
tubing 20. The pressure sensors 111, 121 may be configured to determine the temperature of the
wellbore 10 at the location of the flow sensor 100 and use the temperature reading to accurately
determine the actual downhole pressures as would be appreciated by one of ordinary skill in the
art having the benefit of this disclosure. The flow sensor 100 may include a sensor 150 that can
determine the rotation of the flow meter 100 in reference to the high side of the wellbore 10.
Various sensors may be used to determine rotation of the flow meter 100. For example, the

sensor 150 may be a mercury bubble or other gravity sensitive sensors. The measurements of the
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sensor 150 may be stored within memory 140 and/or transmitted to the surface as disclosed
herein.

[0024]  FIG. 2 shows the flow arca Al between the casing 20 of the wellbore 10 and the first
portion 110 of the flow meter 100 and FIG. 3 shows the flow are A2 between the casing 20 of
the wellbore 10 and the second portion 110 of the flow meter 100. As discussed above, the sum
of all forms of mechanical energy in a fluid along a streamline is the same at all points on the
streamline. Thus, the volumetric flow rate, Q, remains constant as the fluid flows past the flow
meter 100. The flows areas A1, A2 may be determined based on the casing inner diameter 21
and the diameters D1 and D2 of the two portions 110, 120 of the flow meter 100. Discarding
gravitational potential, the following equation expresses the volumetric flow rate with respect to
the two flow areas.

Q=A1*V1=A2%V2

[0025] Based on the two equations shown above, the volumetric flow rate, Q, may now be
determined using the flow areas, Aland A2, around the flow meter, the fluid density, p, and the
pressures, P1 and P2, about the exterior portions 110, 120 of the flow meter 100. The equation
below sets for the formula for calculating for volumetric flow rate, Q, using the known metrics

(flow area) and measureable metrics (pressure and fluid density).

(%) « (P1 - P2)

Q=42 A2
1- G2

[0026]  The pressures measured by the flow meter 100 may be used to determine the
volumetric flow rate, Q, at a specified location within a wellbore 10. The flow meter 100 may be
very useful in helping to determine the hydrocarbon production contribution of a single zone of a

wellbore 10. For example, the flow meter 100 may be positioned adjacent the perforations 30a
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of a first zone in a wellbore 10 as shown FIG. 4. The pressures may be measured by pressure
sensors at two or more sections of the flow meter 100. The pressure readings may be transmitted
to the surface via a communication line 80, such as an electric line or a fiber optic line, and the
volumetric flow rate, Q, adjacent to the first zone may be determine in real time. Alternatively,
the pressure measurements may be recorded in memory 140 within the flow meter 100 and
subsequently analyzed to determine the volumetric flow rate, Q, when the flow meter 100 is
returned to the surface. The flow meter 100 may then be moved and positioned adjacent
perforations 30b of a second zone within the wellbore 10 as shown in FIG. 5. The pressures may
then be measured again and recorded to determine the volumetric flow rate, Q, adjacent to the
second zone of the wellbore 10. If the volumetric flow rate, Q, of a zone is too low to register
different pressure readings on the flow meter 100, fluid may be slowly pumped down the coiled
tubing 40 as indicated by arrow 41 to increase the flow within the wellbore 10 between the
casing 20 and the exterior of the flow meter 100. The flow rate pumped down the coiled tubing
40 may be slowly increased until the volumetric flow rate, Q, may be determined.

[0027]  FIG. 6 shows an embodiment of a flow meter 100 that is conveyed into the wellbore
10 on wireline 50. A tractor 70 may be used to position the flow meter 100 at a desired location
along the wellbore 10. A centralizer 60 may be used to ensure that the flow meter 100 is
centered within the casing 20 of the wellbore 10. Pressure sensors 111 and 121 may be used to
determine the volumetric flow rate, Q, through the wellbore 10 at the location of the flow sensor
100 as discussed herein.

[0028] FIG. 7 shows an embodiment of a flow meter 200 that includes a first portion 210, a
second portion 220, and a third portion 230 that each includes at least one pressure sensor 211,

221, and 231 that measure the pressure at the exterior of each respective portion 210, 220, and

10
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230 of the flow sensor 200. Each portion 210, 220, and 230 of the flow meter 200 may have a
different outer diameter. Alternatively, one portion, such as the first portion 210, may have a
larger outer diameter than the other two portions 220 and 230. Each portion may include a
plurality of pressure sensors that are averaged to determine the pressure at the exterior portions
of the flow meter. The flow meter 200 may be conveyed into the well via coiled tubing 40. The
flow meter 200 diverts substantially all of the fluid flowing through the wellbore 10 around the
exterior of the flow meter 200. Fluid may be pumped down the coiled tubing 40 or a valve 42
may be closed within the coiled tubing 40 to encourage the fluid flow around the exterior of the
coiled tubing 40. The hydrostatic pressure, schematically shown as lines 16, of fluid within the
coiled tubing 40, even if not being pumped down the tubing, may encourage the fluid flow to
divert around the flow sensor 200. A valve 42 within the coiled tubing 40 may also be closed to
prevent fluid from flowing up the coiled tubing 40.

[0029] FIG. 8 shows an embodiment of a flow meter 100 positioned on coiled tubing 40
within casing 20 of a wellbore 10. The first portion 110 and second portion 120 of the flow
meter 100 each have a plurality of sensors 111 and 121 positioned around the exterior of the flow
meter 100. The sensors are positioned at various radial intervals so that the flow at the top of the
wellbore, middle of the wellbore, and bottom of the wellbore may be monitored. For example,
the fluid within the wellbore 10 may be separated in different bands due to separation of the
fluids. For example, gas may flow in a top band (shown as Vg), oil may flow in a middle band
(shown as Vo), and water may flow in a bottom (shown as Vw). The flow rates of each band
may be determined with the flow device includes a plurality of sensors 111 and 121 positioned
within each band. For example, the sensors may be positioned around the perimeter of the flow

device at every thirty (30) degrees. However, various radial orientations of sensors 111 and 121

11
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may be used to determine the various flow rates as would be appreciated by one of ordinary skill
in the art.

[0030] FIG. 9 shows an end view of an embodiment of a flow meter 100 that includes
sensors 160 on the flow meter 100 that may be used to determine the laminar flow within the
wellbore 10. The flow meter 100 is connected on coiled tubing 40 and positioned within casing
20 at a location that it is desired to measure the flow rate within the wellbore 10. A first plurality
of sensors 160 may be positioned on the angled surface 115 between the first portion 110 and the
second portion. A second plurality of sensors 160 may be positioned on the angled surface 125
at the end of the flow meter 100. Each individual sensor 160 may measure the conductivity of
the fluid adjacent to the sensor 160. Based on the conductivity of the fluid and location of the
sensors 160 on the flow meter 100 it may be possible to determine the laminar flow of the fluid
within the casing 20. For example, gas, Vg, may be flowing in a top band of the casing 20, oil,
Vo, may be flowing in a middle band of the casing 20, and water, Vw, may be flowing in a
bottom band of the casing 20. The measurements of the sensors 160 may be stored within the
memory 140 and/or transmitted to the surface as disclosed herein.

[0031]  Although this invention has been described in terms of certain preferred
embodiments, other embodiments that are apparent to those of ordinary skill in the art, including
embodiments that do not provide all of the features and advantages set forth herein, are also
within the scope of this invention. Accordingly, the scope of the present invention is defined

only by reference to the appended claims and equivalents thereof.

12
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What is claimed is:

1. A method of measuring production contribution from a zone of a wellbore comprising:

inserting into a wellbore a flow device, the flow device comprising a first
cylindrical portion having a first outer diameter, a second cylindrical portion having a
second outer diameter smaller than the first outer diameter, a first pressure sensor configured
to measure a first pressure at an exterior of the first portion, and a second pressure sensor
configured to measure a second pressure at an exterior of the second portion;

positioning the flow device adjacent to a zone of the wellbore;

measuring the first pressure with the first pressure sensor;

measuring the second pressure with the second pressure sensor; and

determining fluid flow in the wellbore adjacent to the zone from the first pressure
and the second pressure, wherein the entire fluid flow in the wellbore flows around an

exterior of the flow device.

2. The method of claim 1, the first pressure sensor further comprises a first plurality of
pressure sensors configured to measure the first pressure at the exterior of the first portion and
the second pressure sensor further comprises a second plurality of pressure sensors configured

to measure the second pressure at the exterior of the second portion.

3. The method of claim 2, wherein measuring the first pressure further comprises averaging the
first pressure measured from the first plurality of sensors and wherein measuring the second
pressure further comprises averaging the second pressure measured from the second plurality of

SCNSOrs.

13
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4. The method of claim 2, further comprising measure the first pressure at a top band within
the wellbore, measure the first pressure at a middle band within the wellbore, measuring the first
pressure at a bottom band within the wellbore, measuring the second pressure at the top band
within the wellbore, measure the second pressure at the middle band within the wellbore, and

measuring the second pressure at the bottom band within the wellbore.

5. The method of claim 1, wherein inserting into the wellbore the flow device further

comprising running the flow device into the wellbore on coiled tubing.

6. The method of claim 5, further comprising pumping fluid down the coiled tubing while
measuring the first pressure with the first pressure sensor and measuring the second pressure

with the second pressure sensor.

7. The method of claim 5, further comprising transmitting the pressure measurements from the

first pressure sensor and the second pressure sensor to a surface.

8. The method of claim 7, wherein the pressure measurements are transmitted on an electric

line or fiber optic line.

9. The method of claim 1, wherein inserting into the wellbore the flow device further

comprising running the flow device into the wellbore on wireline and further comprises using a

tractor to position the flow device adjacent to the zone.

14
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10. The method of claim 1, further comprising measuring the conductivity of fluid within the

wellbore.

11. The method of claim 1, wherein the first pressure sensor and the second pressure sensor are

configured to adjust the pressure measurement based on temperature.

12. The method of claim 1, wherein the flow device further comprises a memory to store the

pressure measurements from the first pressure sensor and the second pressure sensor.

13. The method of claim 1, further comprising
positioning the flow device adjacent to a second zone of the wellbore;
measuring a first pressure adjacent to the second zone with the first pressure sensor;
measuring the second pressure adjacent to the second zone with the second pressure
sensor; and
determining fluid flow in the wellbore adjacent to the second zone from the first

pressure and the second pressure

14. An apparatus to measure production contribution from a zone of a wellbore, the apparatus
comprising:

a flow meter body configured to be positioned adjacent a zone in a wellbore;

a first cylindrical portion of the body having a first outer diameter;

a second cylindrical portion of the body having a second outer diameter smaller

than the first outer diameter;

15
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a first pressure sensor configured to measure a first pressure at an exterior of the
first portion;

a second pressure sensor configured to measure a second pressure at an exterior of
the second portion; and

a memory configured to store pressure measurements from the first pressure sensor
and the second pressure sensor;

wherein the body is configured so that an entire fluid flow in a wellbore flows

around an exterior of the flow meter body.

15. The apparatus of claim 14 further comprising:

a third cylindrical portion of the body having a third outer diameter; and

a third pressure sensor configured to measure a third pressure at an exterior of the
third portion, wherein the memory is configured to store pressure measurements from the third

pressurc SEnsor.

16. The apparatus of claim 14, the first pressure sensor further comprising a plurality of pressure

sensors and the second pressure sensor further comprising a plurality of pressure sensors.

17. The apparatus of claim 14, wherein the body includes a central bore and the body is

connected to coiled tubing positioned within the central bore.

16
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18. The apparatus of claim 17, further comprising a communication line connected to the first
pressure sensor and the second pressure sensor, the communication line extending from the

body to a surface.

19. The apparatus of claim 14, further comprising a wireline connected to the body, a centralizer

connected to the wireline, and a tractor connected to the wireline.

20. The apparatus of claim 14, further comprising a plurality of sensors configured to measure

the conductivity of fluid within the wellbore.

21. The apparatus of claim 14, further comprising a sensor configured to determine the rotation

of the flow meter body with respect to a high side of the wellbore.

22. A system to measure fluid flow in a wellbore, the system comprising:

a flow meter body, the body having a first cylindrical portion of the body having a first outer
diameter and a second cylindrical portion of the body having a second outer diameter, the
second outer diameter being smaller than the first outer diameter;

a first pressure sensor configured to measure a first pressure between an exterior of the first
cylindrical portion and a casing of a wellbore; and

a second pressure sensor configured to measure a second pressure between an exterior of the
second cylindrical portion and the casing of the wellbore;

wherein the flow meter body diverts substantially all fluid flow within the wellbore between

an exterior of the flow meter body and the casing of the wellbore.

17



PCT/US2015/025935

WO 2015/160925

125
\\\<\

/ e
NN

———

<

NN

3
™ n
—_ M
=\
"N
N\
m\\
MI\
T
T
S
. 1/
<IN
NN o <
\ N Y
O




WO 2015/160925 PCT/US2015/025935

2/3
20
30~ &0 / 302~
-~/ -~/

20 221 211 231 15
\ \ L A 10




PCT/US2015/025935

WO 2015/160925

3/3

20

100
L

120

Vg

~110

N

Vo

20~

SN
SR

FIG. 8

%
X »
& /
Sy
BN SO0
N
N AD 3
\: £ ™
|\

\

L’

160

FIG. 9



International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/025935

A. CLASSIFICATION OF SUBJECT MATTER
GO1F 1/34(2006.01)i, E21B 47/06(2006.01)i, E21B 43/12(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1F 1/34; GO1F 1/44; GO1F 1/46; GO1F 1/36; GO1F 1/74; GO1F 1/37;, E21B 47/06; E21B 43/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: flow meter, wellbore, first diameter, second diameter and pressure sensor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 97-25594 Al (EXPRO NORTH SEA LIMITED) 17 July 1997 1,5-14,17-22
See abstract, pages 4, 6, 811, claim 13 and figures 2, 3, 5.

Y 2-4,15,16

Y WO 03-089883 A1 (SEOJIN INSTECH CO., LTD.) 30 October 2003 2-4,16
See abstract, paragraph [0020] and figures 7A, 7B.

Y US 6314821 Bl (ALLAN, JOSEPH CALDERHEAD) 13 November 2001 15
See abstract. column 5, lines 18-53 and figure 3.

A US 2004-0173010 A1 (GYSLING et al.) 09 September 2004 1-22
See abstract, paragraphs [0044], [0045] and figure 3B.

A US 2006-0053902 A1 (GOOD et al.) 16 March 2006 1-22
See abstract, paragraphs [0039]-[0044] and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
27 July 2015 (27.07.2015)

Date of mailing of the international search report

27 July 2015 (27.07.2015)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer s

LEE, Hun Gil

Telephone No. +82-42-481-8525

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2015/025935
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 97-25594 Al 17/07/1997 AU 1392097 A 01/08/1997
GB 9600699 DO 13/03/1996
WO 03-089883 Al 30/10/2003 AU 2003-239115 Al 03/11/2003
CN 1615429 A 11/05/2005
KR 10-0433719 Bl 31/05/2004
KR 10-2003-0061108 A 18/07/2003
US 6314821 B1 13/11/2001 AU 1997-41240 B2 11/01/2001
AU 4124097 A 26/03/1998
BR 9711983 A 24/08/1999
CA 2264030 Al 12/03/1998
CA 2264030 C 10/02/2004
DE 69727143 D1 12/02/2004
DE 69727143 T2 11/11/2004
DK 0923710 T3 10/05/2004
EP 0923710 Al 23/06/1999
EP 0923710 Bl 07/01/2004
GB 9618344 DO 16/10/1996
NO 20111062 A 04/03/1998
NO 331230 Bl 07/11/2011
NO 991017 A 29/04/1999
NO 991017 DO 02/03/1999
WO 98-10249 Al 12/03/1998
US 2004-0173010 Al 09/09/2004 CA 2460079 Al 07/09/2004
CA 2460079 C 02/11/2010
CA 2700299 Al 07/09/2004
CA 2700299 C 19/02/2013
CA 2797692 Al 07/09/2004
GB 0405069 DO 07/04/2004
GB 2399412 A 15/09/2004
GB 2399412 B 11/10/2006
US 6986276 B2 17/01/2006
US 2006-0053902 Al 16/03/2006 US 7047822 B2 23/05/2006

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

