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fluid from the range of radial locations provides a representative
sample of the fluid flowing in the wellbore. Further, the diverted fluid
forms a continuous volumetric flow past the fluid sensor to avoid fluid
stagnation adjacent the fluid sensor. Diverting the fluid flow can be
accomplished by elongate diverter wings attached at discrete circum-
ferential locations around an outer surface of a fluid sensor and that
project at oblique angles to the direction of flow. Elongate members
can be used for diverting flow, where the distal ends of the elongate
members attach to a downhole tool, and vane members span across se-
lected adjacent members for directing flow to the sensor.
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SYSTEM AND METHOD FOR SENSING FLUIDS DOWNHOLE

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present disclosure relates to a method and system of sensing fluid downhole, and
more specifically, relates to a method and system of diverting a continuous stream of wellbore

fluid past the sensor.

2. Description of Prior Art

[0002] Downhole sensors are often used for sensing properties in a flow of fluid produced from
hydrocarbon producing wellbores. The sensors may be deployed downhole within a producing
wellbore, a jumper or caisson used in conjunction with a subsea wellbore, or a production
transmission line used in distributing the produced fluids. Monitoring fluid produced from a
wellbore is useful in wellbore evaluation and to project production life of a well. In some

instances transmission lines may include fluid produced from wells having different owners.

[0003] The produced fluid may include water and/or gas mixed with liquid hydrocarbon.
Knowing the water fraction is desirable to ensure adequate means are available for separating the
water from the produced fluid. Additionally, the amount and presence of gas is another indicator
of wellbore performance, and vapor mass flow impacts transmission requirements. Fluid sensors
can be employed that provide information regarding total flow, water cut amount, and gas
fractions. However, in some flow conditions a single phase (e.g. oil or water) of the wellbore
fluid flowing past the sensor can remain adjacent the sensor, so that the measurements taken by

the sensor do not fully represent the fluid flowing in the wellbore. Moreover, when in a deviated
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or horizontal portion of a wellbore, multi-phase fluids can stratify so that sampling fluid in one
axial location of the wellbore may not accurately represent the entire volume of fluid flowing in

the wellbore.
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SUMMARY OF THE INVENTION

[0004] Disclosed herein is an example of a downhole tool for monitoring fluid in a wellbore and
which includes a housing, a fluid sensor in the housing, and a fluid diverter having a surface that
extends along a path that intersects the fluid sensor and which extends along a portion of a
circumference of the housing. The fluid diverter can include an elongate member oriented
generally oblique to an axis of the housing. The downhole tool can further include additional
fluid diverters that are spaced around the circumference of the housing, wherein the additional
fluid diverters have surfaces that extend along paths that intersect with the fluid sensor. In this
example, the fluid diverters project radially outward into an annular space circumscribing the
housing and at angularly spaced locations from one another, so that when a volume of fluid
flows in the annular space, a representative portion of the volume of fluid is diverted to the fluid
sensor by the fluid diverters. In one example, further included are elongate spring members
having ends that couple with the housing, and wherein the fluid diverter mounts between the
spring members. Optionally, the sensor is disposed in a cavity within the housing. In this
example, an inlet is formed through a side of the housing and adjacent a downstream end of the
fluid diverter, and wherein an outlet is formed through a side of the housing on an end of the
cavity distal from the inlet. Further in this example, the fluid sensor is optionally disposed

proximate the outlet. A strainer can be included in the cavity and upstream of the fluid sensor.

[0005] Also disclosed herein is an example of a downhole tool for monitoring fluid in a wellbore
and which includes a housing having a sidewall, an inlet formed in the sidewall, and an outlet
formed in the sidewall and spaced axially away from the inlet, a cavity in the housing in
communication with the inlet and the outlet, a fluid sensor in the cavity disposed proximate the

outlet, a planar fluid diverter having an upstream end spaced radially outward from the housing,

-
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a downstream end disposed proximate the inlet, and a diverter surface that faces the housing, so
that when the downhole tool is disposed in the wellbore and a volume of wellbore fluid flows
past the housing, at least some of the volume of wellbore fluid flows along the diverter surface
and to the fluid sensor. Elongate spring members can be included and that have ends coupled to
the housing at axially spaced apart locations, and wherein lateral sides of the fluid diverter mount
to the spring members. Additional fluid diverters can be included that each have an upstream
end spaced radially outward from the housing, a downstream end disposed proximate the inlet,
and a diverter surface facing the housing, so that when the downhole tool is disposed in the
wellbore and a volume of wellbore fluid flows past the housing, at least some of the volume of
wellbore fluid flows along the diverter surface and to the fluid sensor, and wherein the fluid
diverters are angularly spaced around the housing so that the fluid being diverted to the fluid
sensor is representative of the volume of fluid flowing in the wellbore. The upstream end of the
fluid diverter can be disposed adjacent an outer radius of an annulus that circumscribes the

housing.

[0006] A method of sampling fluid within a wellbore is disclosed herein and that includes
disposing a fluid sensor in the wellbore and in the path of a volume of flowing fluid, diverting an
amount of the volume of flowing fluid to the fluid sensor from a space that extends along a
portion of the circumference of the wellbore, and sensing the amount of the volume of the
flowing fluid with the fluid sensor. The amount of the volume of the flowing fluid can be
representative of the entire cross section of fluid flowing in the wellbore. The sensor can be
provided in a cavity of a downhole tool, and the method can further include directing the amount
of the volume of the flowing fluid to an inlet on the downhole tool that is in fluid communication

with the cavity and the fluid sensor. In an alternative, the amount of the volume of the flowing
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fluid is taken at multiple locations in the wellbore and that are angularly spaced apart from one

another. The fluid sensor can be disposed in a horizontal portion of the wellbore.
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BRIEF DESCRIPTION OF DRAWINGS

[0007] Some of the features and benefits of the present invention having been stated, others will
become apparent as the description proceeds when taken in conjunction with the accompanying

drawings, in which:

[0008] FIG. 1 is a side sectional view of an example of a downhole tool for sensing fluid flowing

in a wellbore.

[0009] FIG. 2 is a side sectional view of an example of fluid flowing past an example of a fluid

sensor in the downhole tool of FIG. 1.

[0010] FIG. 3 is a side sectional view of an alternate example of a downhole tool for sensing

fluid in a wellbore.

[0011] FIG. 4 is an axial sectional view of the downhole tool of FIG. 3 and taken along lines 4-4.

[0012] FIG. 5 is a side sectional view of an example of the downhole tool of FIG. 1 in a

horizontal portion of the wellbore.

[0013] FIG. 6 is a side sectional view of an alternate example of a downhole tool for sensing

fluid flowing in a wellbore.

[0014] FIG. 7 is an axial sectional view of the downhole tool of FIG. 6 and taken along lines 7-7.

[0015] While the invention will be described in connection with the preferred embodiments, it
will be understood that it is not intended to limit the invention to that embodiment. On the
contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be

included within the spirit and scope of the invention as defined by the appended claims.
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DETAILED DESCRIPTION OF INVENTION

[0016] The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. The
method and system of the present disclosure may be in many different forms and should not be
construed as limited to the illustrated embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey its
scope to those skilled in the art. Like numbers refer to like elements throughout. In an
embodiment, usage of the term “about” includes +/- 5% of the cited magnitude. In an

embodiment, usage of the term “substantially” includes +/- 5% of the cited magnitude.

[0017] It is to be further understood that the scope of the present disclosure is not limited to the
exact details of construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. In the drawings and
specification, there have been disclosed illustrative embodiments and, although specific terms
are employed, they are used in a generic and descriptive sense only and not for the purpose of

limitation.

[0018] Figure 1 shows in a side sectional view one example of a downhole tool 10 that is
disposed in a wellbore 12, which as illustrated intersects a formation 14. In the example, a string
of casing 16 lines the wellbore 12 which selectively isolates portions of formation 14 from
wellbore 12. In the example of Figure 1, an optional string of tubing 18 is shown inserted within
casing 16 and which circumscribes downhole tool 10. Downhole tool 10 is shown made up of an
elongate housing 20 and in which is disposed a fluid sensing unit 22. Fluid produced from

formation 14 enters into tubing 18, and flows upward within tubing 18, where it can be sensed by



WO 2016/197011 PCT/US2016/035850

fluid sensing unit 22. Examples of fluid sensing unit 22 include flow meters, tuning forks,
capacitance type, and radioactive. Shown coupled on the outer surface of housing 20 is a flow
diverter 24, which as illustrated extends into an annulus 25 that is defined between housing 20
and tubing 18. As illustrated by arrows, a flow of fluid F makes its way up tubing 18, enters
annulus 25, and then is directed radially inward against housing 20 by flow diverter 24. An
advantage of diverting flow to the fluid sensing unit 22 is that the flow velocity of fluid F is
increased when passing by sensing unit 22, thereby eliminating the possibility of fluid
stagnation. Because the fluid properties may change over time with the fluid F flowing over the
sensing unit 22, it is important that no fluids linger proximate the fluid sensing unit 22 that may
give results that are not fully representative of the fluid F within wellbore 12. Examples of a
representative sample include a fluid sample having properties that reflect the flow of fluid F
within tubing 18 as a whole, and not skewed by fluid that may concentrate in one portion or zone

of tubing 18 and have properties that differ from the overall flow of fluid F.

[0019] In the embodiment of Figure 1, downhole tool 10 is shown supported by a wireline 26
which threads through a wellhead assembly 28 shown at the opening of the wellbore 12 and at
surface 30. An end of wireline 26 opposite from its attachment to downhole tool 10 extends into
a surface truck 32 shown on surface 30. Operation and control of downhole tool 10 within
wellbore 12 may take place within surface truck as well as the recording of any data sensed by
downhole tool 10 within wellbore 12. Alternatively, a controller 34 separate from surface truck
32, may be included and which communicates with downhole tool 10 via a communication
means 36. Controller 34 can be on surface 30 or remote from wellbore 12. Example
communication means 36 include hard wire, fiber optics, telemetry, combinations thereof, and

the like.
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[0020] Referring now to Figure 2, a portion of downhole tool 10 is shown in a side sectional
view. In this example, fluid sensing unit 22 is shown equipped with a sensor element 38 that is
disposed within a cavity 40; where cavity 40 is formed within housing 20. An inlet 42 is formed
through a sidewall of housing 20 that is in fluid communication with cavity so that the flow of
fluid F within annulus 25 may flow into housing 20 via inlet 42, through cavity 40, and into
contact with sensor element 38. Providing fluid at or proximate to sensor element 38 allows
sensor element 38 to monitor information about the fluid. Examples of information may include
fluid composition, fluid density, fluid viscosity, fluid pressure, fluid temperature, water, gas, and
oil percentage (i.e. fluid phase holdup). Adjacent sensor element 38 is an exit 44 shown through
a sidewall of housing 20. Accordingly, a flow path of fluid F can make its way along a surface
of flow diverter 24 into cavity 40 via inlet 42, and exit cavity 40 through outlet 44 and return into
annulus 25 and continue flowing uphole. In the example of Figure 2, a downstream end of flow
diverter 24 connects proximate the inlet 42. In the illustrated embodiment the flow diverter 24
can be an elongate element and which is disposed at an angle oblique to an axis Ax of the
housing 20. In one example, the flow diverter 24 is made up of a number of elongate planar
elements. Further, the upstream ends of the elements may project proximate to an outer radius of
annulus 25 and adjacent to or in contact with an inner surface of tubing 18 (or any other tubular
in which downhole tool 10 is inserted). Further examples exist wherein the downhole tool 10 is
disposed within a wellbore 12 which is sometimes referred to as an open hole, and that is not
lined with casing or does not have tubing. In this example, the outer or upstream ends of the
flow diverter 24 would be adjacent walls of the wellbore 12 (Figure 1). Further in the example
of Figure 2, a strainer 46 is shown spanning radially across cavity 40 and is designed to capture

particles or other unwanted material and prevent such particles from impending or otherwise

-10-



WO 2016/197011 PCT/US2016/035850

coming into contact with sensor element 38. Although shown as a planar element, examples of
the strainer 46 include conically shaped elements with its apex directed upstream so that any
debris entrained within the flow of fluid F is directed radially outward when it impinges the
strainer 46 and is guided out of the primary path of the flow by the conical shape of the strainer

46.

[0021] Shown in Figure 3 is one alternate example of a downhole tool 10A disposed in wellbore
12 and for sensing fluid sampled from a flow of fluid F flowing within wellbore 12. In this
example a series of elongate elements 47A are shown having their opposite ends coupled to an
outer surface of housing 20A. Here the downstream ends 48 A of the elements 47A couple to the
housing 20A proximate where the fluid sensing unit 22A is provided within housing 20A.
Upstream ends 49A of the elements 47A couple to housing 20A an axial distance upstream from
the fluid sensing unit 22A. Examples exist where the elongate elements 47A resemble bow
springs that are used typically for measuring devices, or for centralizing tools within wellbores or
tubulars. Accordingly, the elongate elements 47A can be flexible and bend when coming into
contact with the wall of tubing 18A or other solid surface encountered within wellbore 12A.
Vane elements S0A are shown provided between adjacent elongate elements 47A and extending
axially from about a midsection of the elements 47A and up to proximate the downstream ends
48 A of the elongate elements 47A. As shown, the vane elements SOA have upstream ends 52A
that are proximate the outer radial area of annulus 25 (and proximate the midsection of elements
47A), so that the flow of fluid F can impinge upon surfaces of vane elements SOA facing towards
housing 20A, and be directed radially inward towards the fluid sensing unit 22A. The portion of
the flow of fluid F that is diverted by the flow diverter 24A extends along a path that intersects

with fluid sensing unit 22A when flowing along the inner surface of the vane elements SOA. The

-11-
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fluid exits the vane elements S0A at downstream ends 54A of the vane elements SOA. The
location and positioning of the vane elements SOA provides for the diverting of fluid at multiple
radial locations within annulus 25A, and thus provides the ability to obtain a representative

sample of the flow of fluid F flowing within wellbore 12A.

[0022] In the example of Figure 3, multiple vane elements 50A are illustrated disposed at
angularly spaced apart locations that circumscribe housing 20A. As will be described in more
detail below, this provides an advantage of obtaining a sample that is representative of the flow
of fluid F when stratification can occur in the flow of fluid F, such as in a deviated or a
horizontal wellbore. In stratified conditions, sampling at a single location in the wellbore will

not yield representative results.

[0023] Still referring to Figure 3, optional flow channels 56A are shown formed within housing
20A and proximate the downstream ends S4A of vane elements SOA. The flow channels 56A
provide a flow path of the fluid flowing past the upstream end of main elements SOA to enter into
housing 20A and flow past a sensing element (not shown) disposed within fluid sensing unit
22A. Although some flow is projected radially inward by interaction with vane element S0A as
shown in Figure 3, the flow F may then expand radially outward when downstream of the flow

sensing unit 22A.

[0024] Figure 4 shows an axial sectional view of the downhole tool 10A of Figure 3 and taken
along lines 4-4. Here, vane elements S0A are shown at equidistant angles O, spaced apart from
one another and circumscribing access Ax of housing 20. Thus flow along the surface S that
faces radially inward on the vane elements SOA can be directed towards the flow sensing unit

22A (Figure 3) which is downstream of the downstream end 54A of the vane elements S0A. In

-12-
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one example, the surface S extends along the path of the flow of fluid F flowing from within
wellbore 12 and on its way to the sensing unit 22A. Optionally, a strainer 46A is shown

provided within tool 10A and upstream of fluid sensing unit 22A.

[0025] Figure 5 shows one example of downhole tool 10 in a deviated horizontal portion 54 of
wellbore 12. Here, housing 20 is shown roughly coaxial with an axis Ax of wellbore 12 and held
in place by optional centralizers 58 that support housing 20 in wellbore 12 and away from walls
of the wellbore 12. Thus an annulus 25 remains between the housing 20 and tubing 18. As is
known, in horizontal wellbores the flow of fluid F within wellbore 12 may stratify so that
portions of fluid in the lower regions of wellbore 12 may contain a higher percentage of water
than fluid in an upper region. One of the examples of the selective sampling of fluid at different
angular locations within wellbore 12 is the ability to obtain a samples at multiple angular
locations about the wellbore 12, that are then mixed, so that a representative sample of fluid from
the wellbore is sent towards fluid sensing unit 22, and where the representative sample of fluid
has properties and/or characteristics that are the same or substantially similar to an entire cross
section of the flow of fluid F flowing in the wellbore 12. In one example, the representative
sample of fluid has properties/characteristics that are the same or substantially similar to an
average of the properties/characteristics of the cross section of the flow of fluid F flowing the

wellbore 12.

[0026] An additional advantage of the flow diverter 24 described herein is that unlike some
diverters that fully circumscribe a downhole tool, flow diverter 24 provides elongate elements
that are at strategic locations angularly spaced around the housing 20. As such, the flow of fluid
F can make its way between adjacent ones of the elongate elements making up the flow diverter

24 and significantly reduce overall fluid frictional drag across the tool 10. Additionally, the

-13-
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embodiment discussed herein improves wettability characteristics of a tool in the sensor surface
which discourages affinitive of different fluid phases. Referring back to Figure 4, although four
different vane elements SOA are shown, the number of vane elements SOA can range from about
two to about ten. An advantage of using the bow spring type material is that the tool 10 can be

used in tubulars of varying diameters.

[0027] Shown in a side sectional view in Figure 6 is another alternate example of a downhole
tool 10B for sensing fluid flowing within a tubular. Here elongate elements 47B, which in an
example include bow springs, have ends that pivotingly attached to the housing 20B with pins
60. The opposite ends of the elements are equipped with rods 62 that slidingly fit into slots 64
shown formed into the housing 20B. Thus the downhole tool 10B can be disposed into tubulars
having a wide range of diameters, with any change in diameter, the elongate members 47B can
pivot about pins 60, while the distal end can slidingly reciprocate within slots 64. Also shown in
Figure 6 are flow diverters 24B that have ends mounted to the housing 20B adjacent both the
inlet 42B and outlet 44B. As shown, the configuration of the flow diverters 24B accounts for
flow of fluid F in axial directions wherein the fluid flows into cavity 40B viat inlet 42B, and
from cavity 40B via outlet 44B. Conversely, the direction of fluid flow F can be reversed, so
that fluid flows into cavity 40B via the outlet 44B and flows from cavity 40B via inlet 42B.
Further in this example, the ends of the flow diverters 24B that mount to housing 20B are
equipped with pins 66 so that the flow diverters 24B can pivot and their outer ends move radially
inward and outward depending on a diameter of tubing 18. Further, the ends of flow diverters
24B distal from housing 20B have rods 68 that slidingly fit into slots 70 form axially within

portions of the elongate members 47B. Thus as the elongate members 47B flex radially inwardly

-14-
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and outwardly, the flow diverters 24B can pivot about their pinned connections to the housing

20B to account for the flexing of the elongate members 47B.

[0028] Figure 7 is an axial sectional view of an example of the downhole tool 10B and taken
along lines 7-7 of Figure 6. Here a pair of flow diverters 24B project radially outward from
housing 20B, and at substantially opposing sides of housing 20B. However, alternate
embodiments exist wherein more than two flow diverters 24B are provided on housing 20B.
Moreover, the flow diverters can be spaced at equidistant angular distances from one another, or
staggered and set apart at different angular distances. Shown in dashed outline are slots 70 in the
elongate members 47B and in which rods 68 can slidingly move. It should be pointed out that
the bi-directional flow feature is not limited to the embodiments of Figures 6 and 7, but can be
employed to all other embodiments disclosed herein for operation in tubulars where fluid flows

in more than one direction.

[0029] The present invention described herein, therefore, is well adapted to carry out the objects
and attain the ends and advantages mentioned, as well as others inherent therein. While a
presently preferred embodiment of the invention has been given for purposes of disclosure,
numerous changes exist in the details of procedures for accomplishing the desired results. These
and other similar modifications will readily suggest themselves to those skilled in the art, and are
intended to be encompassed within the spirit of the present invention disclosed herein and the

scope of the appended claims.

-15-
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CLAIMS

What is claimed is.

1. A downbhole tool for monitoring fluid in a wellbore comprising:

a housing;

a fluid sensor in the housing;

a fluid diverter having a surface that extends along a path that intersects the fluid sensor

and which extends along a portion of a circumference of the housing.

2. The downhole tool of claim 1, wherein the fluid diverter comprises an elongate member

oriented generally oblique to an axis of the housing.

3. The downhole tool of claim 1, further comprising additional fluid diverters that are
spaced around the circumference of the housing, wherein the additional fluid diverters have

surfaces that extend along paths that intersect with the fluid sensor.

4. The downhole tool of claim 3, wherein the fluid diverters project radially outward into an
annular space circumscribing the housing and at angularly spaced locations from one another, so
that when a volume of fluid flows in the annular space, a representative portion of the volume of

fluid is diverted to the fluid sensor by the fluid diverters.

5. The downhole tool of claim 1, further comprising elongate spring members having ends

that couple with the housing, and wherein the fluid diverter mounts between the spring members.

6. The downhole tool of claim 1, wherein the sensor is disposed in a cavity within the

housing.

-16-
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7. The downhole tool of claim 6, wherein an inlet is formed through a side of the housing
and adjacent a downstream end of the fluid diverter, and wherein an outlet is formed through a

side of the housing on an end of the cavity distal from the inlet.

8. The downhole tool of claim 7, wherein the fluid sensor is disposed proximate the outlet.

9. The downhole tool of claim 6, further comprising a strainer in the cavity and upstream of

the fluid sensor.

10. A downbhole tool for monitoring fluid in a wellbore comprising:

a housing having a sidewall, an inlet formed in the sidewall, and an outlet formed in the

sidewall and spaced axially away from the inlet;

a cavity in the housing in communication with the inlet and the outlet;

a fluid sensor in the cavity disposed proximate the outlet;

a planar fluid diverter having an upstream end spaced radially outward from the housing,
a downstream end disposed proximate the inlet, and a diverter surface that faces the
housing, so that when the downhole tool is disposed in the wellbore and a volume of
wellbore fluid flows past the housing, at least some of the volume of wellbore fluid flows

along the diverter surface and to the fluid sensor.

11. The downhole tool of claim 10, further comprising elongate spring members having ends
coupled to the housing at axially spaced apart locations, and wherein lateral sides of the fluid

diverter mount to the spring members.

-17-
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12. The downhole tool of claim 10, further comprising additional fluid diverters that each
have an upstream end spaced radially outward from the housing, a downstream end disposed
proximate the inlet, and a diverter surface facing the housing, so that when the downhole tool is
disposed in the wellbore and a volume of wellbore fluid flows past the housing, at least some of
the volume of wellbore fluid flows along the diverter surface and to the fluid sensor, and wherein
the fluid diverters are angularly spaced around the housing so that the fluid being diverted to the

fluid sensor is representative of the volume of fluid flowing in the wellbore.

13. The downhole tool of claim 10, wherein the upstream end of the fluid diverter is disposed

adjacent an outer radius of an annulus that circumscribes the housing.

14. A method of sampling fluid within a wellbore comprising:

a. disposing a fluid sensor in the wellbore and in the path of a volume of flowing

fluid;

b. diverting an amount of the volume of flowing fluid to the fluid sensor from a

space that extends along a portion of the circumference of the wellbore; and

c. sensing the amount of the volume of the flowing fluid with the fluid sensor.

15. The method of claim 14, wherein the amount of the volume of the flowing fluid is

representative of the volume of flowing fluid in the wellbore.

16. The method of claim 14, wherein the sensor is provided in a cavity of a downhole tool,
the method further comprising directing the amount of the volume of the flowing fluid to an inlet

on the downhole tool that is in fluid communication with the cavity and the fluid sensor.

-18-
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17. The method of claim 14, wherein the amount of the volume of the flowing fluid is taken

at multiple locations in the wellbore and that are angularly spaced apart from one another.

18.  The method of claim 14, wherein the fluid sensor is disposed in a horizontal portion of

the wellbore.

-19-



PCT/US2016/035850

WO 2016/197011

117

N
A
O -
N O
B~ $ T
e
B\ 3
0?«A N
M (TR
v
N SN DN X \\VV(\V%/\\V/V %X\N/P /V\ /«\V//V\Y /A\v%//\ o
ISy s | A N A XV 4 B AR AT RN SO I IIA P4 AR
Q N _, </ e N — - ulw
>3 { e . »
s @ _ _V/_
- >~ - -
-~ : = ‘ “
m # u...w..V.MW PARY ....\“(.. t./.u\\w.,o.. SRS \Va\Rr AR I AN W»\:\I(\ﬂ . : u
ZANDNNT N2 /A\ /K\\/J7\\/ﬂ/«\/4\\///\>%/\wy NN /ﬁxy /\\%ﬂ//
N
>
/ 2 2 4'
. \
L <
= N
& Z
ST E|l N K
d w N
o o |
© <
N




PCT/US2016/035850

WO 2016/197011

N = N N ~
O \ \ ) \
i Z 74 il 77 7 7 7 7 7
\ \ \
N 7 )
X \\ e
o it = < F
[NBN Wfﬁw - S
| SN g
= ~
o~ I .
| — 1
; K - /
V/ \M\ 51\)\,\ % : %
S / )
o
— 3 -
[
N \
, S— ] X
X VA 7 7 7 v
\ 1] Lo
© m w3 N L




WO 2016/197011 PCT/US2016/035850

317
v v FIG.3
\ /7 \
1 1104
20A T A1
Y X
N
I —184

25A [ 10A
| 22A
LA

54A——11 —
4 | s0A
4 L
UA—| 52A

LOA — W
|4 / F
12A—
\/ A




WO 2016/197011 PCT/US2016/035850

L17
10A 25
LTA 50A
18A
S4LA
20A
16
. e
AN X LOA
e ::“:E%’
Ax -E':‘H E
// T
S 4BA
L7A

S0A

FIG. 4



PCT/US2016/035850

WO 2016/197011

517

Q Tp) 2 8
NS /.\\V.V.y\\\ \\ 2 /A\V/ /D /A\V//m\// /«\\/ﬁ\\J/%\///AW\V/W/K\V///AA\V/(V///V/\\V//\\VVV,HX oS /.
Nﬂ%ax.w.ww\o N . ,.Nw. . \./. \o .‘oxu.m...\o./ﬁ. \w \40/«\\0 0\“ \\0 J\Mﬁ.# > R.:\ﬂoﬂ\\.oﬁ ...\.«
! =) ,
L / _ w
w \ — w

\. > | |IN¢..

! T
N A A AR A P AT
o ., S U e . . S ] —— >
N, S .L\.s. = .0.~.A./0A‘v\\rflﬂ|‘v .m. \ \\ \\ \ \IDL"\_\\l.\.gx.\\ﬂs¢... T R U

/A\ V 4/\\\/

AN NSNS j NS ZINN N NN AQMV/O\V T

n Q ~3
N ~
.1....




PCT/US2016/035850

WO 2016/197011

FIG.6

617

~=

@
/ / yayL
— S N
3 S /h//
=2 1) i
\ AN SR S
% w & 2 _ M 0000
N \\ / ..r.w &’ o , <
& N\ & o~
N % - : _ g\‘ﬂ““ ) ~3 _
J \ O <= X Q) / |
@ i s’ -~ .l'l..l‘l\w»/ T 7T
x
(< 2 = / o
3 \§:
= ™
" W g -
o / / 2
o~ o ~
° Q o
© L
S

o~ ]




WO 2016/197011 PCT/US2016/035850

717

>
0%

ot




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/035850

A. CLASSIFICATION OF SUBJECT MATTER
E21B 49/08(2006.01)I, E21B 47/00(2006.01)1, E21B 47/01(2006.01)1

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)
E21B 49/08; E21B 47/10; GO1F 1/74; GO1F 1/36; E21B 21/08; GO1F 5/00; E21B 47/00; E21B 47/01

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)
eKOMPASS(KIPO internal) & Keywords:downhole, monitoring, fluid sensor, diverter, sampling, and elongate spring

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 4566317 A (SHAKRA, FARID J.) 28 January 1986 1-18
See column 4, line 37 — column 5, line 37 and figure 1B.

A US 5251479 A (SIEGFRIED, II et al.) 12 October 1993 1-18
See column 3, line 51 - column 4, line 47 and figures 1-4.

A US 7509855 B2 (GARVIN, GARY A.) 31 March 2009 1-18
See column 3, line 54 - column 4, line 6 and figure 3.

A EP 2450676 Al (GENERAL ELECTRIC COMPANY) 09 May 2012 1-18
See paragraphs [0014]-[0017] and figures 4-5.

A US 2012-0011928 A1 (WOOTTEN, KEITH ROBERT) 19 January 2012 1-18
See paragraphs [0020]-[0021] and figures 1-2.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
31 August 2016 (31.08.2016) 01 September 2016 (01.09.2016)
Name and mailing address of the [SA/KR Authorized officer NN
International Application Division SO \\\\\\\
A Ay
¢ Korean Intellectual Property Office BAE, Geun Tae § \\\\\\\\\\ :\\&x\\g
: Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea N \\\\Qﬁﬁ\\\\\\‘
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3547 Nwses™

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



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/035850

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4566317 A 28/01/1986 None

US 5251479 A 12/10/1993 None

US 7509855 B2 31/03/2009 AT 544052 T 15/02/2012
AU 2008-279307 Al 29/01/2009
AU 2008-279307 B2 07/02/2013
EP 2171407 Al 07/04/2010
EP 2171407 Bl 01/02/2012
US 2009-0025472 Al 29/01/2009
WO 2009-015110 Al 29/01/2009

EP 2450676 Al 09/05/2012 BR PI1104361 A2 26/05/2015
CN 102445240 A 09/05/2012
CN 102445240 B 23/03/2016
US 2012-0085166 Al 12/04/2012
US 8919209 B2 30/12/2014

US 2012-0011928 Al 19/01/2012 CA 2746188 Al 16/01/2012
CN 102337880 A 01/02/2012
CN 102337880 B 16/03/2016
FR 2962761 Al 20/01/2012
GB 2482021 A 18/01/2012
NO 20111022 A 17/01/2012
US 8646327 B2 11/02/2014

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




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

