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PRODUCTION LOGGING PROCESSES AND SYSTEMS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION:

The present invention relates to processes and systems for obtaining flow
rates of fluids produced from a subterranean well without well intervention, and
more particularly, to processes and systems for obtaining flow rates of fluids
produced from a substantially horizontal subterranean well without well
Intervention.

DESCRIPTION OF RELATED ART:

In the production of fluid from subterranean environs, a well bore may be
drilled so as to penetrate one or more subterranean environs. The well bore
may be drilled into or through the one or more subterranean environs of interest
in a generally vertical, deviated or horizontal orientation. The well is typically
completed by positioning casing which may be made up of tubular joints into the
well bore and securing the casing therein by any suitable means, such as
cement positioned between the casing and the walls of the well bore.
Thereatfter, the well may be completed in a typical manner by conveying a
perforating gun or other means of penetrating casing to a position that is
adjacent the subterranean environs of interest and detonating explosive charges
so as to perforate both the casing and the subterranean environs. In this
manner, fluid communication may be established between the subterranean
environs and the inter.ior of the casing to permit the flow of fluid from the
subterranean environs into the well. Alternatively, the well may be completed as
an “open hole”, meaning that casing is installed in fhe well bore but terminates
above the subterranean environs of interest. The well may be subsequently
equipped with production tubing and conventional associated equipment so as to
produce fluid from the subterranean environs of interest to the surface. The
casing and/or tubing may also be used to inject fluid into the well to assist in
production of fluid therefrom or into the subterranean environs to assist in
extracting fluid therefrom.

Further, it is often desirable to stimulate the subterranean environs of
Interest to enhance production of fluids, such as hydrocarbons, therefrom by
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pumping fluid under pressure into the well and the surrounding subterranean
environs of interest to stimulate the environs, for example by inducing hydraulic
fracturing thereof. Thereatfter, fluid can be produced from the subterranean
environs of interest, into the well bore and through the production tubing and/or
casing string to the surface of the earth. Where it is desired to stimulate, for
example fracture, the subterranean environs of interest at multiple, spaced apart
locations along a well bore penetrating the environs, fluid is pumped into a
particular location adjacent the subterranean environs of interest while means,
such as a flapper valve(s) or gelled fluids placed in the open hole, is employed to
Isolate the remaining locations. Once fluid is pumped under pressure from the
surface into the well and the particular location, means are actuated to isolate
the next location and fluid is pumped under pressure from the surface into the
well and the subterranean environs adjacent the isolated location so as to
hydraulically fracture the same. In this manner, all of the subterranean environs
adjacent to the multiple, spaced apart locations can be hydraulically fractured.
Conventional systems and associated methodology that are used to stimulate
subterranean environs in this manner include casing conveyed perforating
systems, ball drop systems, and perforate and plug systems.

Once communication is established between the subterranean environs of
interest and a well bore, it may often be desirable to determine the nature of
production from the subterranean environs, especially when communication is
established at multiple locations along the well bore. Production logs may be run
to determine the productivity or injectivity of the subterranean environs.
Conventional production logging systems require access to the well bore at
appropriate depths along the subterranean environs of interest to determine flow
rates of fluids produced from such environs by a myriad of means involving
direct measurement. Measurement tools are conveyed on wireline or pipe
requiring an appropriate rig and the time and expense associated therewith.
Flow regimes may be significantly disturbed while operating conventional
production logging equipment. As conveyance of such measurement tools in
highly deviated or horizontal wells may often be difficult and expensive, e.g.
requiring production from the well to be shut in or stopped and sand to be
removed by circulating fluid through the well bore, production logs are not run in
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the vast majority of deviated wells. Instead only total fluid returns are measured

at the surface well head.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects, and in accordance with the
purposes of the present invention, as embodied and broadly described herein,
one characterization of the present invention may comprise a process wherein at
least two markers are simultaneously released into fluid produced from a
subterranean environs at spaced apart locations within a well penetrating and in
fluid communication with the subterranean environs. The elapsed time from the
step of releasing until each of the two markers reaches a common point along
the well is measured and the flow rates of fluid produced from the subterranean

environs at each location is determined based upon the elapsed time.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The processes and systems of the present invention may be practiced
and deployed in a subterranean well which may be formed by any suitable
means, such as by a rotary drill string, as will be evident to a skilled artisan. The
subterranean well may extend from the surface of the earth, including a sea bed
or ocean platform, and penetrate one or more subterranean environs of interest.
As used throughout this description, the term “environs” refers to one or more
subterranean areas, zones, horizons and/or formations that may contain
hydrocarbons. The well may have any suitable subterranean configuration,
such as generally vertical, generally deviated, generally horizontal, or
combinations theréof, as will be evident to a skilled artisan. Once the well is
formed, it may be completed by cementing a string of tubulars, e.g. a casing
string, in the well and establishing fluid communication between the well and the
environs of interest by forming perforations through the casing and into the
environs. Such perforations may be formed by any suitable means, such as by
conventional perforating guns. Thereafter, production tubing may be positioned
within the well and the annulus between the production tubing and casing may
De sealed, typically by means of a packer assembly. Fluids, such as oil, gas

and/or water, may then be produced from the environs of interest into the well
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via the perforations in the casing and to the surface via production tubing for
transportation and/or processing. Where the well has a generally horizontal
configuration through the environs of interest, the well may be provided with
intermediate casing which may be secured within the well by any suitable
means, for example cement, as will be evident to a skilled artisan. The
intermediate casing may extend from the surface of the earth to a point near the
environs of interest so as to provide an open hole completion through a
substantial portion of the environs of interest that are penetrated by the well.
Production casing may also be positioned within the well and may be sized to
extend through the casing and into the open hole of the well within the environs
of interest.

In accordance with a broad embodiment of the present invention, two or
more markers may be conveyed into fluid produced at spaced apart locations
along a well penetrating and in fluid communication with an environs of interest.
These markers may be subsequently produced with the fluid to the well head
and detected at a common location. By knowing the diameter and length of
tubular through which the fiuid may be conveyed and the elapsed time between
release of each marker into the fluid and detection within the produced fluids at a
common location, the velocity and fluid flow rate may be calculated for each
location from which the marker may be released into the produced fluid. The
marker may be any fluid, compound or article that may be produced along with
the fluid to the well head, for example a signal device, a distinct fluid, or distinct
particles. Where the marker is a compound which does not dissolve in fluid or
an article, the marker may preferably be as buoyant as possible so as to be
conveyed with the produced fluids. :

The term “simultaneously” as used herein in conjunction with the
conveyance or release of markers into produced fluids is inclusive of release
times of two or more markers that are substantially identical as well as release
times that, although not substantially identical, are close enough to permit
determination of production rates at spaced apart locations along an environs of
interest that are within an acceptable margin of error in view of any fluctuations
In overall fluid production rates.
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While the markers may be released at different times into the produced
fluids, the overall fluid production rate at the surface should remain substantially
constant over the period during which all such markers are released and
detected so that the velocities and fluid flow rates that may be calculated in
accordance with the processes and systems of the present invention are within
an acceptable margin of error. In view of this requirement, it is preferred that the
markers used in the processes and systems of the present invention may be
released at substantially the identical time.

The exact marker employed in the systems and processes of the present
invention may depend upon the character of fluid being produced and type of
equipment present in the well. For example, where a pump is positioned within a
well, a liquid or nano particle may be preferred to a signal device as an article
which functions as a marker. The nano particle may be electromagnetic.
Detection of the markers will depend upon the type of marker employed and may
be made by any suitable means as will be evident to a skilled artisan, including
but not limited to visually, changes in pressure and temperature, chemical
analysis, and means to read a signal device. In accordance with the
embodiments of the present invention, detection occurs at one common location
above the most proximal point to the well head at which a marker is conveyed or
released into the produced fluids. Such common location may be in the well or
at the surface, but typically may be at the well head.

A "signal device” refers to a device which is capable of generating one or
more signals which may be detected. These signals do not have to be unique
since multiple devices that may be released simultaneously within a well will
arrive at the point of collection in the same order that the devices are released
downhole, i.e. the device the closest distance to the collection point will arrive
first, the next closest second, etc. Nonlimiting examples of a signal device are a
radio frequency identification device (RFID), a device carrying a magnetic bar
code, a radioactive device, an acoustic device, a surface acoustic wave (SAW)
device, a low frequency magnetic transmitter and any other device that is
capable of generating one or more signals. The signal device may have any
suitable peripheral configuration and geometric shape, and is sized to permit
conveyance with produced fluids through a production tubular to the surface.
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Some signal devices, for example RFID, may be secured to or embedded in a
conveyance device, such as a ball made of a buoyant material, as will be evident
to a skilled artisan.

In the embodiment of the processes and systems of the present invention
where a fluid may be used as the marker and may be simultaneously released
into produced fluid at two or more spaced apart locations along a well
penetrating and in fluid communication with an environs of interest, the fluid may
be conveyed to two or more locations along a well penetrating and in fluid
communication with the environs of interest by any suitable means, such as by a
control line having suitable valves or injection points at each of such locations.
Where a signal device or compound is employed as the marker, the signal
device may be released into the produced fluid by, for example a tool that
contains several signal devices which are released simultaneously by any
suitable means, such as a timer. Where the well is cased, the markers may be
Injected into the stream of produced fluids, while in an open hole completion, the
markers may be injected outwardly into stream df produced fluids.

Multiple markers may be simultaneously released at the same downhole
location to provide for data validation. In addition, a marker may be injected
uphole of the casing perforation that is closest to the surface to determine
characteristics, such as turbulence. Where a fiuid is used as the marker,
samples of the produced fluids may be analyzed at the surface to determine the
presence of such tracer fluid.

The following example demonstrates the practice and utility of the present
Invention, but is not to be construed as limiting the scope thereof.

EXAMPLE

A well is drilled to total depth (TD) so as to penetrate a subterranean
formation of interest in a lateral manner. A 4-inch inner diameter production
casing Is equipped with 15 sliding sleeves and has equipment installed at each
sleeve for injecting a buoyant ball into the flow of fluid produced from the
formation of interest. Each buoyant ball has an RFID embedded therein. A
radio frequency reader device is installed in the well at the top of the lateral to
read the RFID in each ball that is produced by the reader. The sliding sleeves
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are arranged in series and referred to hereafter as sliding sleeves 1-15, with
sliding sleeve 1 being proximal and sliding sleeve 15 being distal to the top of the
lateral portion of the well. Based upon a 4-inch inner diameter production casing
in the lateral portion of the well, it may be calculated that a barrel of fluid
occupies a 64.31 foot length of production casing. The volume of fluid contained
in the casing above the top of the lateral to the surface is calculated to be 300
barrels. Further the volume of fluid in the lateral part of the production tubing is
set forth in Table 1.

TABLE 1
Top of Lateral to Distance (feet) Fluid Volume (barrels)
Sleeve 1 400 6.2
Sleeve 2 800 12.4
Sleeve 3 1,200 18.7
Sleeve 4 1,600 24.9
Sleeve 5 2,000 31.1
Sleeve 6 2,400 37.3
Sleeve 7 2,800 43.5
Sleeve 8 3,200 49.8
Sleeve 9 3,600 56.0
Sleeve 10 4,000 62.2
Sleeve 11 4.400 68.4
Sleeve 12 4,800 74.6
Sleeve 13 5,200 80.9
Sleeve 14 5,600 87.1
Sleeve 15 6,000 03.3

The well is produced and buoyant balls are simultaneously released into the
produced fluid at each sleeve by means of a timer connected to each sleeve. An
RFID reader positioned within the well at the top of the lateral segment records
the elapsed time that it takes each buoyant ball to be produced to the reader,



CA 02793496 2012-09-13

WO 2011/130176 PCT/US2011/031968

and the fluid velocity may be calculated because the volumes, distances and
times between release and detection points are all known. The results are set
forth in Table 2.

TABLE 2
5
Ball released from Time to top of lateral Fluid Velocity (ft/min)
(minutes)
Sleeve 1 9.0 44.67
Sleeve 2 | 17.9 44 .67
Sleeve 3 26.9 44.67
Sleeve 4 35.8 44.67
Sleeve 5 47.0 35.73
Sleeve 6 59.2 32.75
Sleeve 7 | 72.7 29.78
Sleeve 8 87.8 26.80
Sleeve 9 102.5 26.80
Sleeve 10 124.9 17.86
Sleeve 11 154.8 13.40
Sleeve 12 184.6 13.40
Sleeve 13 229.4 8.93
Sleeve 14 274.2 8.93
Sleeve 15 363.7 4.47

From the foregoing information, production rates at each sleeve may be
calculated because the fluid velocity and pipe inner diameter are known as will
10  be evident to a skilled artisan. These rates are set forth in Table 3.
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TABLE 3
Production | Total Producing Individual Producing Percent of
adjacent to Rate (BFEPD) Rate (BFEPD) Production
Sleeve 1 1000 0%
Sleeve 2 1000 0%
Sleeve 3 1000 0%
Sleeve 4 1000 200 20%
Sleeve 5 800 67 6.7%
Sleeve 6 733 67 6.7%
Sleeve 7 667 67 6.7%
Sleeve 8 600 0%
Sleeve 9 600 200 20%
Sleeve 10 400 100 10%
Sleeve 11 300 0%
Sleeve 12 300 100 10%
Sleeve 13 200 0%
Sleeve 14 200 100 10%
Sleeve 15 100 100 10%

10

Thus, it can be readily appreciated that the processes and systems of the
present invention may be employed to determine production rates from multiple,
spaced apart locations along a well.

The present invention provides processes and systems for determining
the flow rates of fluids produced into a well at spaced apart locations along an
environs of interest without requiring intervention of normal production
operations. The flow rate information that may be captured using the processes
and systems of the present invention may be used to develop and implement a
work over of the well and may also be used to determine the most advantageous

manner to complete another well.
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While the foregoing preferred embodiments of the invention have been
described and shown, it Is understood that the alternatives and modifications,

such as those suggested and others, may be made thereto and fall within the
scope of the invention.

10
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process comprising:

producing fluid from a subterranean environs into a well at spaced
apart locations, said well penetrating and in fluid communication with said .
subterranean environs at said spaced apart locations;

releasing at least two markers into the fluid produced from said
subterranean environs, each of the at least two markers being released at
different locations of the spaced apart locations;

measuring the elapsed time from the steé of releasing until each of
said at least two markers reaches a common poinf along the well; and

determining the flow rates of fluid produced from said subterranean

environs at each of said spaced apart locations based upon said elapsed

time.

2. The process of claim 1 wherein said at least two markers are released

substantially simultaneously.

3. The process of claim 1 wherein each of said at least two markers is a

signal device.

4. The process of claim 3 wherein said signal device Is a device capable

of generating one or more signals.

S. The process of claim 3 wherein said signal device is selected from the
group consisting of a radio frequency identification device, a device carrying a
magnetic bar code, a radioactive device, an acoustic device, a surface

acoustic wave (SAW) device and a low frequency magnetic transmitter.

6. The process of claim 1 wherein each of said at least two markers is

buoyant.

11
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7. The process of claim 1 wherein each of said at least two markers is

selected from the group consisting of a fluid, a compound, and an article.

8. The process of claim 7 wherein the compound or the article Is a nano
particle.
9. The process of claim 1 wherein the common point is at the well head.

10. A process for determining flow rates from a subterranean well
comprising:

producing fluid from a subterranean environs into a well at spaced
apart locations, said well penetrating and in fluid communication with saia
subterranean environs at said spaced apart locations;

simultaneously releasing at least two markers into the fluid produced
from a the subterranean environs, each of the at least two markers being
released at different locations of the spaced apart locations;

detecting each of said at least two markers at a common point along
the well; and

determining fluid velocity and flow rate of the fluid produced into the
well at each of said spaced apart locations from the diameter of the well
through which the fluid is produced and the elapsed time from releasing to

detection of each of said at least two markers.

11.  The process of claim 10 wherein said well is equipped with a tubular

along at least a portion thereof through which said fluid is produced.
12.  The process of claim 11 wherein said tubular is a casing string.

13.  The process of claim 11 wherein said well is open hole through at least

a portion of the subterranean environs.

14. The process of claim 10 wherein each of said two markers is selected

from the group consisting of a radio frequency identification device, a device
12
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carrying a magnetic bar code, a radioactive device, an acoustic device, a
surface acoustic wave (SAW) device and a low frequency magnetic

transmitter.

15.  The process of claim 10 wherein each of said two markers is buoyant.

16. The process of claim 10 wherein each of said two markers is selected

from the group consisting of a fluid, a compound and an article.

17.  The process of claim 10 wherein said step of detecting is selected from
the group consisting of visually, by detecting changes in temperature,

pressure or both, by chemical analysis and by means for reading a signal.
18.  The process of claim 1 wherein the common point is at the surface.

19. The process of claim 1 wherein the well has a generally horizontal

configuration through the subterranean environs.
20. The process of claim 1 wherein the steps of producing, releasing,

measuring and determining are performed without requiring intervention of

normal production operations.

13
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