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(57) Abstract: Apparatus (1) and a method for bringing a well-fluid sample

Fig. la

in a well through a sampling device (3) which is in fluid communication
with the apparatus (1), the apparatus (1) comprising : - a dump chamber (9)
for receiving the well-tluid sample; - a first hydraulic piston (11) arranged in
a first cylinder housing (13); - a second hydraulic piston (15) arranged in a
second cylinder housing (17); - a piston rod (19) for mechanically connect-
ing the first piston (11) to the second piston (15) to form a piston arrange -
ment (11, 15, 19), the dump chamber (9) being defined by the first piston
(11) and a portion of the first cylinder housing (13), and the apparatus (1)
further comprising at least one holding device (25; 26) which is arranged to
switch between an active position, in which the piston arrangement (11, 15,
19) is held fixed against movement, and an inactive position, in which the
piston arrangement (11, 15, 19) is allowed a movement relative to the cylin-
der housings (13, 17), said movement of the piston arrangement (11, 15, 19)
being brought about by means of a well fluid which, in a position of applica-
tion, is in fluid communication with the second hydraulic piston (15) so that
the movement brings about an increase in a volume of the dump chamber (9)
when the holding device (25; 26) is in its inactive position.
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APPARATUS AND METHOD FOR PROVIDING A FLUID SAMPLE IN A WELL

The present invention relates to an apparatus and a method for sampling a fluid in a
petroleum well. It relates more particularly to an apparatus and a method for bringing
a well-fluid sample in a well into or through a sampling device which is in fluid com-
munication with the apparatus, the apparatus comprising:

- a dump chamber for receiving the well-fluid sample;

a first hydraulic piston arranged in a first cylinder housing;

a second hydraulic piston arranged in a second cylinder housing;
- a piston rod for mechanically connecting the first piston to the second piston to form

a piston arrangement.

The well-fluid sample may be a sample that is taken in connection with a drilling oper-
ation, a test production or a production well, or in connection with a shutdown of a

production well.

The sampling device may be a sample container for collecting a fluid sample, a meas-
uring device including at least one sensor, or a combination of these. The fluid sample
is thus brought into or through the sampling device. For the sake of simplicity, the
term through will be used in what follows, also for the cases in which the sample is
brought into the sampling device.

The at least one sensor of the measuring device may comprise, but is not restricted
to, a chromatograph of the gas-chromatograph, liquid-chromatograph, or ion-
chromatograph type, or any combination of these, an optical device based on IR light
or UV light, an atomic-absorption device, a mass spectrometer, a density sensor, a
permeability sensor, a pH-measuring unit, a pressure sensor, a temperature sensor or
a combination of two or more thereof. Depending on the type or types of sensors
used, the properties of the fluid related to one or a combination of chemical composi-
tion, chemical properties and/or physical properties may be revealed.
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Driving a well-fluid sample through a measuring device is a well-known technique.

The publication US 7384453 B2 discloses a number of different driving devices for
driving a fluid sample through a chromatograph by means of overpressure.

The publication US 4739654 discloses a chromatograph in which a formation fluid is
brought into a chromatograph sample chamber. The formation fluid in said sample
chamber is then driven through a chromatograph.

The publication US 8146415 B2 (US 2009/294175) discloses a downhole measuring
apparatus such as a gas chromatograph. A fluid sample is driven through the measur-
ing apparatus from an inlet portion upstream of the measuring apparatus to an outlet
portion downstream of the measuring apparatus. The outlet portion may be in fluid
communication with a flow-control device which, in one embodiment, comprises a pis-
ton-and-cylinder arrangement. By controlling the position of the piston in the ar-
rangement, a dump chamber is provided, which is arranged to receive the fluid sample
which has been driven through the measuring apparatus.

The publication US 2011/0277984 discloses a data-gathering device for a well pipe.
The data-gathering device is connected to the well pipe and is arranged for the in-situ
gathering of formation data from the borehole wall of a well in an open borehole. The
data-gathering device includes a movable measuring probe with a measuring sensor,
the measuring probe being arranged to be movable at least out from the well pipe to
establish contact with the borehole wall. The measuring probe is moved by means of
an activation device. The data-gathering device includes at least one suction chamber
which is hydraulically connected to the measuring probe, and which is arranged to
carry out non-motorized suction of contaminations from the borehole wall before the
gathering of formation data is initiated. The suction chamber is connected to a release
means for controlled activation of said suction. The measuring probe, the activation
device and the suction chamber are arranged hydraulically isolated from the inside of
the well pipe.

The publication US 6437326 B1 discloses fibre-optic measuring of a well fluid. The
measuring takes place through an optical window which separates the fibre from a
fluid chamber. The fluid chamber includes a floating piston which separates the well
fluid from a control fluid. By influencing the pressure of the control fluid, the piston is
moved so that the optical window is exposed to one of the well fluid or the control
fluid.

The publication US 5303775 discloses a method and an apparatus for providing a
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sample of a phase-intact pore fluid from an underground formation for subsequent
analysis, by means of an instrument for formation testing. The apparatus includes a
replaceable sampling tank with an internal fluid chamber. In use, a balanced pressure
condition is established between said internal fluid chamber of said sample tank and
the fluid in the borehole at the formation depth. The pore fluid is transferred from said
formation to the sample container by bidirectional pumping of the pore fluid while the
pressure of the pore fluid is controlled within a predetermined pressure range to pre-
vent phase separation of the pore fluid.

US 2002/0084072 discloses how a formation-fluid sample from a well is carried into
and stored in a sample chamber by the control of inlet and outlet valves. The sample
chamber containing the sample is then brought out of the well so that the sample can
be analysed.

NO 20120163 belonging to the present applicant discloses an apparatus and a method
for collecting a reservoir sample in a well, wherein the reservoir sample is brought into

a tracer sample chamber.

WO 2013/147616 discloses an apparatus for bringing a well-fluid sample past a sensor
and into a sample chamber. The apparatus includes a piston arrangement which is
displaceably arranged in an actuator cylinder and the sample chamber.

US 2013/0014576, US 6334489, US 4893505, US 2010/175873, US 2003/042021, US
2012/018152, GB 2276608, US 2006/198742, US 2004/160858, US 2005/150287 and
WO 2009/151449 all disclose apparatuses and/or methods for collecting samples or
data from formations in the ground.

Common features of the above-mentioned prior art are that the apparatuses are rela-
tively extensive and complicated in their structures and many of them include pump-
ing devices and/or a plurality of valves requiring control.

When pumps are used, energy supply is required, either from the well surface or from
an energy source placed in association with the apparatus.

The environment in a well can be harsh with high temperatures and aggressive fluids.
A complicated apparatus is more prone to damage and malfunction than an apparatus
of simple construction and with relatively few components that require control.

The invention has for its object to remedy or reduce at least one of the drawbacks of
the prior art or at least provide a useful alternative to the prior art.
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The object is achieved through the features which are specified in the description be-
low and in the claims that follow.

According to a first aspect of the present invention, an apparatus for bringing a well-
fluid sample in a well through a sampling device which is in fluid communication with
the apparatus is provided, the apparatus comprising:

- a dump chamber for receiving the well-fluid sample;

- a first hydraulic piston arranged in a first cylinder housing;

- a second hydraulic piston arranged in a second cylinder housing;

- a piston rod for mechanically connecting the first piston to the second piston to form
a piston arrangement. The characterizing feature of the apparatus is that the dump
chamber is defined by the first piston and a portion of the first cylinder housing, and
that the apparatus further comprises at least one holding device which is arranged to
switch between an active position, in which the piston arrangement is held fixed
against movement, and an inactive position, in which the piston arrangement is al-
lowed a movement relative to the cylinder housings, said movement of the piston ar-
rangement being brought about by means of a well fluid which, in a position of appli-
cation, is in fluid communication with the second hydraulic piston so that the
movement brings about an increase in a volume of the dump chamber when the hold-
ing device is in its inactive position. When the volume of the dump chamber is in-
creased in this way, the well fluid will be sucked through the sampling device and into
the dump chamber.

The piston rod is configured to bring about a 1:1 movement of the second piston and
the first piston. Thus, the volume of the dump chamber is influenced into increasing
when the driving fluid is allowed to displace the second piston towards the first cylin-
der housing. When the volume of the dump chamber is being increased, the well fluid
sample will, as mentioned, be sucked through the sampling device which is in fluid

communication with the dump chamber.

The holding device is thus a control device. The purpose of the control device is to
provide a selectively releasable holding or braking device so that the second piston
and thereby the first piston as well, are prevented from being moved before it is de-
sirable to have the well-fluid sample carried into or through the sampling device. The
control device, which will be referred to as a holding device in what follows, may typi-
cally be a valve as will be explained in what follows. Alternatively, the holding device
may be a selectively releasable mechanical holding device which is configured to lock
the assembly of the second piston, the piston rod and the first piston, thus the piston
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arrangement, in an initial position in which the volume of the dump chamber is at a
minimum, i.e. in a position in which the second piston is at a maximum distance from

the first cylinder housing.

The well fluid entering the apparatus from the well is thus a driving fluid for the piston

arrangement.

The area of a piston face of the first piston may be larger than the area of the piston
face of the second piston. By the piston faces are meant, here, the faces of the pistons
that are facing away from each other. In an alternative embodiment, the area of the
piston face of the first piston may be smaller than the area of the piston face of the
second piston. In yet another alternative embodiment, the area of the piston face of
the first piston may be equal to the area of the piston face of the second piston.

The first cylinder housing may be provided with an end plug. The end plug, a piston
face of the first piston and a portion of the first cylinder housing define a first cylinder-
housing chamber which is arranged to accommodate a pressurized fluid, wherein the
holding device is a valve arranged for selectively bleeding off the pressurized fluid. In
those cases in which the piston face of the first piston is larger than a piston face of
the second piston, the pressurized fluid must be bled off towards a pressure which is
lower than the well pressure, for example into a vacuum container or to a place in the

well with a lower well pressure, such as to the surface of the well.

In one embodiment, the second piston may be in continuous fluid communication with
the well fluid. By continuous is meant, in this connection, that the well fluid is allowed
to flow towards the piston as soon as the apparatus is run into the well, when the ap-
paratus is in its position of application, that is.

As an alternative to letting the second position be in continuous fluid communication
with the well fluid, the second cylinder housing may be provided with an end plug,
wherein the end plug, the piston face of the second piston and a portion of the second
cylinder housing define a second cylinder-housing chamber which is provided with the
holding device which may be in the form of a valve which, in its active position, shuts
off fluid communication of well fluid into the second cylinder-housing chamber and, in
its inactive position, allows fluid communication of well fluid into the second cylinder-

housing chamber.

In an embodiment in which the piston face of the first piston is smaller than the piston
face of the second piston, the first piston may thus be in continuous fluid communica-
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tion with the well fluid. Having to bring a pressurized fluid into the first cylinder-
housing chamber before the apparatus is run into the well is thereby avoided.

As an alternative to letting the holding device be formed of a valve which will be able
to allow and shut off fluid communication into or out of the second cylinder-housing
chamber and the first cylinder-housing chamber, respectively, the control means may
include a locking means arranged in association with the second cylinder housing and
configured for selective, releasable engagement with at least one of the piston rod and
the second piston when the second piston is at the greatest possible distance from the
first cylinder housing. By the use of such a locking means, both cylinder houses can be
in continuous fluid communication with the well fluid. However, this presupposes that
the area of the piston face of the first piston being smaller than the area of the piston
face of the second piston, so that the force from the second piston, which contributes
to increasing the volume of the dump chamber, is greater than the opposite force from
the first piston.

In one embodiment, the piston rod may have a cross-sectional area which is smaller
than the area of a piston face of the first piston and the area of a piston face of the
second piston, and a chamber wall with an opening complementarily adapted to the
piston rod provides a partition between the dump chamber and a partition-wall cham-
ber defined by a portion of the piston rod, the second cylinder housing and the second
piston. In such an embodiment, at least the first cylinder housing may be provided
with an end plug, wherein the end plug, the piston face of the first piston and a por-
tion of the first cylinder housing define a first cylinder-housing chamber which is ar-
ranged to accommodate a pressurized fluid, and the holding device is a valve arranged
for the selective bleed-off of the pressurized fluid, the valve, in its active position,
shutting off fluid communication of the pressurized fluid out of the first cylinder-
housing chamber and, in its inactive position, allowing fluid communication of the
pressurized fluid out of the first cylinder-housing chamber, and a pressure in the parti-
tion-wall chamber is lower than atmospheric pressure at least when a volume of the
dump chamber is at a minimum. In what follows, said pressure in the partition-wall

chamber will also be referred to as underpressure.

When the valve in the end plug is opened, the underpressure in the partition-wall
chamber will contribute to moving the piston arrangement in a direction such that the
volume of the dump chamber increases. As mentioned, the piston arrangement com-

prises the second piston, the piston rod and the first piston.
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The second cylinder housing may be provided with an end plug to control the inflow of
well fluid into the second cylinder-housing chamber. Such an end plug is provided with
a holding device in the form of a valve and a fluid channel allowing selective fluid
communication between the well and the second cylinder-housing chamber. In its ac-
tive position, the valve will shut off fluid communication of well fluid into the second
cylinder-housing chamber and, in its inactive position, allow fluid communication of
well fluid into the second cylinder-housing chamber. The apparatus may thus be pro-
vided with two valve devices. In one embodiment, the valve devices may be controlled
independently of each other.

In a second aspect of the invention, a system for collecting a well sample from a well
is provided, the system comprising the apparatus according to the first aspect of the
invention and a sampling device comprising a measuring device provided with at least

one sensor.

The measuring device may typically include a chromatograph of a kind mentioned ini-
tially. Alternatively, or additionally, the measuring device may include one or more
other sensors of the kinds mentioned initially.

Alternatively to, or in addition to, the measuring device, the sampling device may
comprise a sample container which is arranged to isolate a well-fluid sample so that it
can be brought out of the well for subsequent analyses.

Such a sample container may be a tracer sample chamber which, by means of valves,
is arranged to isolate a fluid sample which is drawn from the well by means of the
dump chamber, and the sampling device, the valves and a fluid line upstream of the
tracer sample chamber are provided with an internal surface which consists of a mate-
rial which is practically non-reactive in relation to substances that are carried from the
well into the tracer sample chamber, so that trace elements that have been carried
into the tracer sample chamber can be brought out of the tracer sample chamber
when the well-fluid sample is analysed.

Such a tracer sample chamber is suitable for collecting well-fluid samples which are
analysed for, inter alia, trace elements which occur naturally in the reservoir fluid. A
person skilled in the art will know that such trace elements may occur in very small
concentrations and are typically measured in ppb (parts per billion). To achieve a sat-
isfactory result it is very important that the trace elements which are carried into the
sample chamber may, to the greatest possible degree, also be released from, i.e. be
brought out of, the tracer sample chamber when the sample is to be analysed. The
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analytical results will thus be more reliable with respect to the tracer content of the
reservoir.

In what follows, the sample container will be referred to as the trace-element sample
chamber. It will be understood that a tracer sample camber is also suitable when col-
lecting a "standard" well-fluid sample that is to be analysed for other than that for

trace elements.

The sampling device may include a measuring device which is placed upstream of a
tracer sample chamber. By means of valves, the tracer sample chamber is arranged to
be isolated from the measuring device and from the dump chamber which is placed
downstream of both the measuring device and the tracer sample chamber. The valves
are placed at an inlet portion and at an outlet portion of the tracer sample chamber.
The valves are arranged to be controllable between an open position and a closed po-
sition and are of a kind known per se.

In a special embodiment, the tracer sample chamber includes a portion of a fluid line
extending between an outlet portion of the sampling device or the measuring device
and the dump chamber.

According to a third aspect of the present invention, there is provided a method for
bringing a well-fluid sample through a sampling device in a well by means of the appa-
ratus according to the first aspect of the invention, the method comprising:

arranging the dump chamber with a smallest possible volume and then activating the
holding device of the apparatus;

bringing the apparatus together with the sampling device to a desired location in the
well;

and

initiating movement of the piston arrangement by deactivating the at least one holding
device so that a well fluid sets the piston arrangement in motion in order thereby to
increase the volume of the dump chamber and suck the well-fluid sample through the
sampling device.

The method may further comprise stopping the movement of the piston arrangement
by reactivating the holding device which includes a valve, so that well fluid is no long-
er sucked via the sampling device and into the dump chamber. Such a stopping of the
movement of the piston arrangement may be temporary. By setting the piston ar-
rangement in motion again, while the apparatus is in the same location or after the

RECTIFIED SHEET (RULE 91) ISA/XN
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apparatus has been carried to a new location in the well, a new well-fluid sample will

be sucked through the sampling device and into the dump chamber.

The dump chamber may be arranged with said smallest possible volume before the

apparatus is run into the well.

The invention is defined by the independent claims. The dependent claims define ad-

vantageous embodiments of the invention.

In what follows, an example of a preferred embodiment is described, which is visual-
ized in the accompanying drawings, in which:

Figure 1a shows an apparatus according to the present invention just after the
piston arrangement of the apparatus has been set in motion by the well
pressure and a dump chamber in the apparatus is close to a smallest

volume;

Figure 1b shows the apparatus of figure 1a, but the piston arrangement has been
driven by the well pressure so that the volume of the dump chamber
has been further increased;

Figure 1c shows the apparatus of figure 1a and 1b, the piston arrangement being
at its end position and the sucking-in of a well-fluid sample into the
dump chamber having ceased;

Figures 2a-2c show an alternative embodiment of the apparatus shown in figures 1a-
1c;

Figures 3a-3c show an alternative embodiment of the apparatus shown in figures la-
1c and figures 2a-2¢; and

Figure 3d shows the apparatus of figures 3a-3c before it has been run into the well
and while the piston arrangement is in the process of being placed the
position which is shown in figure 3a.

In what follows, positional specifications such as "over", "under”, "upper", "lower",

"right" and "left" relate to what is shown in the figures.

Like or corresponding elements may be indicated by the same reference numeral in
the different figures. For the sake of clarity, the reference numerals of some of the
elements may have been left out in some of the figures.
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In the figures, the reference numeral 1 indicates an apparatus according to the pre-

sent invention.

The apparatus 1 includes a first hydraulic piston 11 movably arranged in a first cylin-
der housing 13 and a second hydraulic piston 15 movably arranged in a second cylin-
der housing 17. The first hydraulic piston 11 is mechanically connected to the second
hydraulic piston 15 by means of a piston rod 19. The piston rod 19 is thus a connect-
ing means between the first hydraulic piston 11 and the second hydraulic piston 15.

The apparatus 1 is in fluid communication with a sampling device 3 which is provided
with an inlet portion 5 and an outlet portion 7. The inlet portion 5 is in fluid communi-
cation with a well fluid, and the outlet portion 7 is in fluid communication, via a fluid
line 8, with a dump chamber 9 in the apparatus 1. The fluid line 8 is connected to the
apparatus 1 by means of a coupling device 8' which is attached, for example by means
of a threaded connection, to a cut-out in the second cylinder housing 17. The cut-out
is in fluid communication with the dump chamber 9 as indicated in the figures.

The sampling device 3 may be a measuring device 3 comprising at least one sensor.
In an alternative embodiment, the sampling device 3 may be a sample chamber, for
example a tracer sample chamber. In yet another alternative embodiment, the sam-
pling device 3 may include both a measuring device and a tracer sample chamber. In
a particular embodiment, the sampling device 3 includes the measuring device with
the at least one sensor, whereas the tracer sample chamber is arranged in, for exam-

ple defined by, a portion of the fluid line 8.

In the embodiment in which the sampling device 3 is a tracer sample chamber, this is
provided with valves (not shown) arranged for example at the inlet portion 5 and the
outlet portion 7. In the embodiment in which the tracer sample chamber is arranged in
a portion of the fluid line 8, the fluid line 8 is provided with valves (not shown) ar-
ranged at the outlet portion 7 and at the coupling device 8', for example.

The description that follows will be directed, to a great degree, towards an embodi-
ment in which the sampling device 3 is a measuring device comprising at least one
sensor. However, it will be understood that the apparatus 1 according to the invention
could just as well be used for a sampling device including a sample container such as
said tracer sample chamber, or a combination of the measuring device and the sample
container. The point of the invention is that the well-fluid sample is sucked into and
through the sampling device 3 by means of the apparatus 1 according to the present

invention.
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The dump chamber 9 is defined by the first piston 11, the first cylinder housing 13 and
the portion of the piston rod 19 that is in the first cylinder housing 13 at any time.

To provide a fluid seal between the pistons 11, 15 and the respective cylinder hous-
ings 13, 17, each of the pistons 11, 15 is provided with a seal 11' and 15, respective-
ly.

In the embodiment shown in figures la-1c, the area of a piston face 12 of the first
piston 11 is larger than the area of a piston face 16 of the second piston 15. In said
figures, the piston rod 19 has a cross-sectional area which is equal to the cross-
sectional area (and the piston face 16) of the second piston 15.

In an upper end portion, the first cylinder housing 13 is provided with an end plug 21
attached to it by means of a threaded connection. The end plug 21 is provided with
seals 21' to be able to form a fluid-tight connection between the first cylinder housing
13 and the end plug 21. The end plug 21, piston face 12 of the first piston 11 and the
portion of the cylinder housing 13 which at all times is defined by said piston face 12
and an end face 21" of the end plug 21, define a first hydraulic chamber 23.

The first hydraulic chamber 23 is arranged to accommodate a pressurized fluid such as
a hydraulic liquid. The hydraulic liquid is carried into the chamber 23 via the end plug
21,

The end plug 21 is further provided with a holding device in the form of a valve 25
which is arranged to be controllable both ways between an open position and a closed
position. The control of the valve 25 can be performed by means of means that will be
well known to a person skilled in the art.

The valve 25 is in fluid communication with the first hydraulic chamber 23 via a fluid
channel 27 and in fluid communication with a receiving unit, not shown, for hydraulic
liquid from the hydraulic chamber 23 via an outlet line 29. For the embodiment shown,
the receiving unit may be, for example, a container, not shown, having a pressure,
when filled with the fluid from the hydraulic chamber 23, lower than an ambient pres-
sure in the well. Alternatively, the receiving unit may for example be somewhere high-
er up in the well or outside the well so that the fluid may selectively be bled off from
the hydraulic chamber 23.

The purpose of the valve 25 is thus to allow the hydraulic liquid to be bled off from the
hydraulic chamber 23.
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In a lower end portion, the second cylinder housing 17 is provided with an opening 31
for communication of well fluid between the well and the second cylinder housing 17.

A second hydraulic chamber 33 is thus defined by the piston face 16 of the second
piston 15, the portion of the cylinder housing 17 which at all times is defined by said
piston face 16, and the opening 31.

In the embodiment shown in figures 1a-1c¢, the opening 31 is a bore through a lower
end portion of the second cylinder housing 17. As soon as the apparatus 1 is run into
the well, the well fluid will be carried towards the piston face 16 of the second piston
15. In consequence of the pressure from the well fluid, the piston 15 will exert an up-
ward force as is shown in the figures. To prevent the piston arrangement 15, 19, 11
from being moved in an uncontrolled manner, the pressure of the fluid in the first hy-
draulic chamber 23 must be of such a magnitude that a downward force exerted by
the first piston 11 is larger than the opposite force in consequence of the pressure of
the well fluid in the second hydraulic chamber 33. Thus, the necessary pressure that
will have to be supplied to the first hydraulic chamber 23 depends on the maximum
well pressure to which the apparatus 1 is exposed to in the relevant situation of appli-
cation.

Normally, fluid at the desired pressure will be supplied to the hydraulic chamber 23 of
the apparatus 1 before the apparatus 1 is run into the well. But it is conceivable that
the hydraulic chamber 23 is pressurized as the apparatus 1 is being run into the well.
However, this requires fluid communication with the surface or a pump/valve device
from a possible container which is arranged to be selectively put into fluid communica-
tion with the chamber 23. Especially the latter alternative with a pump/valve device
will complicate the apparatus 1 and is thus a less attractive solution.

Figure 1a shows the apparatus 1 in its position of application just after the valve 25 in
the end plug 21 has been brought from the closed position to the open position. The
valve 25 is of a kind known per se, which is arranged to be remotely operated, for
example from a vessel connected to the well. When the valve 25 is opened, pressur-
ized fluid from the first hydraulic chamber 23 will be bled off via the fluid channel 27
and the outlet line 29 and further to the receiving unit not shown. The fluid flow out of
the first hydraulic chamber 23 is indicated by an arrow F.

The pressure in the well fluid flowing in through the opening 31 of the second cylinder
housing 17 and into the second hydraulic chamber 33 causes the piston arrangement
15, 19, 11 to move upwards in the cylinder housings 17, 13. The inflow of well fluid
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through the opening is illustrated by arrows F,,.

In consequence of the movement of the piston arrangement 15, 19, 11, the volume of
the dump chamber 9 increases. In consequence of this volume increase, well fluid will
be sucked/drawn or, depending on the volume-increase rate of the dump chamber 9
in relation to the entering rate of the well-fluid flow F;, flow into and through the sam-
pling device 3 and into the dump chamber 9. The flow of a well-fluid sample into the
sampling device 3 is illustrated by the arrow F,.

In an embodiment in which the sampling device 3 is a measuring device comprising at
least one sensor, the flow of "exhaust fluid", i.e. fluid that has passed the measuring
device 3, is illustrated by an arrow F.. The exhaust-fluid flow F, may be identical to F..
But if the measuring device 3 is of the gas-chromatograph type, for example, F. will
be a mixture of the well-fluid flow F; and a carrier gas which is supplied from a carrier-
gas container, not shown, which is in fluid communication with the measuring device

3, as will be known to a person skilled in the art.

Figure 1b shows the apparatus of figure 1a after the piston arrangement 15, 19, 11
has moved about half the stroke length in the cylinder housings 17, 13.

The piston arrangement 15, 19, 11 will be moved upwards as long as the bleed-off of
the fluid pressure in the first hydraulic chamber 23 is maintained, i.e. as long as the
valve 25 is open and as long as the downward force from the first piston 11 is smaller
than the opposite force from the second piston 15.

When the desired measurement has been achieved, the valve 25 is closed. By opening
the valve 25 again after a certain time, either with the apparatus 1 in the same posi-
tion in the well or after the apparatus 1 has been moved to another position, for ex-
ample higher or lower in the well, another measurement can be carried out. Such
"stepped" measurements may be repeated one or more times until the dump chamber
9 has reached its maximum volume as shown in figure 1c where the fluid flows Fy, Fy,

Fi and F. have ceased.

A person skilled in the art will know that in those cases in which the sampling device 3
comprises a measuring device with at least one sensor, it may be very important that
the fluid flow F, into and through the at least one sensor of the measuring device 3
takes place at a controlled, stable flow rate.

Such a controlled, stable flow rate is achieved by controlling the degree of opening of
the valve 25. It will therefore be understood that the term "open valve" means that
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the position of the valve is not necessarily in its fully open position, but in a position
different from fully closed, so that the desired flow rate of the fluid flow F; into and
through the measuring device 3 is achieved.

Figures 2a-2c show an alternative embodiment of the apparatus shown in figure la-
1c.

In figures 2a-2¢, the area of the piston face 12 of the first piston 11 is smaller than
the area of the piston face 16 of the second piston 15. In said figures, the piston rod
19 has a cross-sectional area which is smaller than the cross-sectional areas (and the
piston faces 12, 16) of both the first piston 11 and the second piston 15.

A chamber wall 35 provides a partition between the dump chamber 9 and a partition-
wall chamber 37 which is further defined by a portion of the piston rod 19, the second
cylinder housing 17 and the second piston 15.

The chamber wall 35 is provided with an opening 39 which is complementarily adapted
to the piston rod 19 and arranged coaxially with it. In the periphery of the opening 39,
annular grooves are arranged for receiving a set of seals 41 (two shown in the figures)
in order to provide, together with the piston rod 19, fluid-sealing between the parti-
tion-wall chamber 37 and the dump chamber 9.

A substantial difference between the apparatus 1 shown in figures la-1c and the ap-
paratus 1 shown in figures 2a-2c is that the latter does not need a closable first hy-
draulic chamber 23 which, in the embodiment shown in figures 1la-1c, initially contains
a fluid at a pressure sufficient to counteract the movement of the piston arrangement
15, 19, 11. The first hydraulic chamber 23 may thus, but need not, be open towards
the well as shown.

To be able to provide the desired inflow F; of a well-fluid sample into the sampling de-
vice 3, an end portion of the second cylinder housing 17 is provided with an end plug
22 which bears many similarities to the end plug 21 shown in figures 1a-1c. But in
figure 2a and figure 2b the fluid flow F,, is from the well, via the valve 26 and the fluid
channel 28 and to the second hydraulic chamber 33.

By controlling the degree of opening of the valve 26 in the end plug 22 shown in fig-

ures 2a-2¢, the upward movement of the piston arrangement 15, 19, 11 in the cylin-
der housings 17, 13 can be controlled in the same way as explained above in connec-
tion with figure 1a-1c.
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A person skilled in the art will understand that the apparatus 1 according to the exem-
plary embodiment shown in figures 2a-2c is run into the well with the piston arrange-

ment 15, 19, 11 in the position shown in figure 2a. This means that the partition-wall

chamber 37 is filled with a fluid, such as air or a liquid or a mixture thereof.

A draining device in the form of a valve 43 is arranged in a fluid-communication chan-

nel in the second cylinder housing 17, near the chamber wall 35.

The purpose of the valve 43 is to allow the fluid present in the partition-wall chamber
37 to be bled off as the volume of said chamber 37 is being reduced in consequence of
the fluid flow F,, into the second hydraulic chamber 33 and consequent upward move-
ment of the piston 15. In the embodiment shown, the fluid is bled off towards the

well.

The valve 43 thus enables a full movement of the piston arrangement 15, 19, 11 from
the position which is shown in figure 2a to the position which is shown in figure 2c.

In its simplest form, the valve 43 is a one-way valve, but it is also conceivable for it to
be a controllable valve. However, a controllable valve may complicate the apparatus 1
and is therefore not the primarily preferred solution.

Figures 3a-3c show yet another alternative embodiment of the apparatus 1 shown in
figures la-1c and figures 2a-2c.

In figures 3a-3¢, the area of the piston face 12 of the first piston 11 is equal to the
area of the piston face 16 of the second piston 15. In said figures, the piston rod 19
has a cross-sectional area which is smaller than the cross-sectional area (and the pis-
ton faces 12, 16) of the first piston 11 and thus also that of the second piston 15.

In figures 3a-3¢, the apparatus 1 is provided with an end plug 21 and a valve 25 ar-
ranged in association with the first hydraulic chamber 23, in a manner corresponding
to that shown in figures 1a-1c. Further, the apparatus 1 is provided with a second end
plug 22 and a valve 26 arranged in association with the second hydraulic chamber 33,
in a manner corresponding to that shown in figures 2a-2c. However, it will be under-
stood that the latter end plug 22 and valve 26 are, in terms of operation, of the em-
bodiment shown in figures 3a-3c¢. In addition, it will be understood that the pistons 11,
15 do not need to be of the same size. For example, the piston arrangement 15, 19,
11 with associated cylinder housings 17, 13 shown in figures 2a-2c could be used also
for the arrangement shown in figures 3a-3c.
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In figure 3a, the piston arrangement 15, 19, 11 has been driven to a position in the
apparatus 1 such that the dump chamber 9 has a smallest volume. This preparation or
"charging/tensioning" of the apparatus 1 has been performed by supplying the first
hydraulic chamber 23 with a pressurized fluid preferably before the apparatus 1 has
been run into the well, so that the pressurized fluid supplied has driven the piston ar-
rangement 15, 19, 11 from the position the apparatus has in figure 3¢, possibly from a
position between those shown in figures 3¢ and 3a, for example from the position as
shown in figure 3b to the position that is shown in figure 3a.

By such a displacement, the volume in the partition-wall chamber 37 mentioned above
will increase. The partition-wall chamber 37 is fluid-tight in consequence of seals 41 in
the chamber wall 35 and the seal 15' in the second piston 15. Thus, by said displace-
ment, an underpressure will form in the partition-wall chamber 37. The underpressure
will act against an internal piston face 16' of the second piston 15 and thus exert an
upward force which acts against the force from the first piston 12 in consequence of
the pressurized fluid in the first hydraulic chamber 23.

During the above-mentioned "charging" of the apparatus 1, fluid must be evacuated
from the dump chamber 9. In the embodiment shown, in which an end plug 22 is ar-
ranged in association with the second hydraulic chamber 33 as well, the valve 26 must
be in an open position so that fluid is also allowed to evacuate from the second hy-
draulic chamber 33.

Figure 3d shows the fluid flows through the apparatus 1 during said "charging".

The valve 43 shown in figures 2a-2¢ may be superfluous in the embodiment shown in
figures 3a-3c provided the "charging" is carried out from the position that is shown in
figure 3c in which the second piston abuts against the chamber wall 35.

An advantage of arranging an end plug 22 with an associated valve 26 in association
with the second hydraulic chamber 33 as well, is that the well fluid F,, may selectively
be prevented from entering the chamber 33, for example while the apparatus 1 is be-
ing run into the well. Thus, the fluid in the first hydraulic chamber 23 may be supplied
at a pressure which is sufficient to overcome the underpressure in the partition-wall
chamber 37.

The valve 26 may be used as a means of at least contributing to the control of the
movement of the piston arrangement 15, 19, 11. By adjusting the valve 26 controlling
the inflow of well fluid into the second hydraulic chamber 33 while, at the same time,
the valve 25, which controls the bleed-off of the pressurized fluid in the first hydraulic
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chamber 23, is at least partially open, the fluid pressure in the second hydraulic
chamber 33 may be controlled into being positive, contributing to an upward move-
ment of the piston arrangement 15, 19, 11, that is, or negative, reducing or braking
an upward movement of the piston arrangement 15, 19, 11, that is.

It is also conceivable that the valve 25 associated with the first hydraulic chamber 23
may be fully or partially closed, and that the rate of motion of the piston arrangement
15, 19, 11 and thereby the rate of volume change in the dump chamber 9 is controlled
by means of the valve 26 controlling the inflow of well fluid into the second hydraulic
chamber 33. A pressure increase will then occur in the first hydraulic chamber 23.

From the above it will be understood that the movement of the piston arrangement
15, 19, 11 is affected by the well fluid in the second hydraulic chamber 33.

It should be noted that all the above-mentioned embodiments illustrate the invention,
but do not limit it, and persons skilled in the art may construct many alternative em-
bodiments without departing from the scope of the independent claims. In the claims,
reference numbers in brackets are not to be regarded as restrictive. The use of the
verb "to comprise" and its different forms does not exclude the presence of elements

or steps that are not mentioned in the claims. The indefinite article "a" or "an" before

an element does not exclude the presence of several such elements.
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Claims

Apparatus (1) for bringing a well-fluid sample in a well through a sampiling
device {3) which is in fluid communication with the apparatus (1), the appa-
ratus (1) comprising:

- a dump chamber (9) for receiving the well-fluid sample;

- a first hydraulic piston (11} arranged in a first cylinder housing (13);

- a second hydraulic piston (15) arranged in a second cylinder housing (17),
wherein the second cylinder housing having a second hydraulic piston bore
extending axially between a second hydraulic piston first axial end and a
second hydraulic piston second axial end;

- a piston rod (19) for mechanically connecting the first piston (11) to the
second piston (15) to form a piston arrangement (11, 15, 19), ch ar -
acterized in thatthe dump chamber (9) is defined by the first
piston {11) and a portion of the first cylinder housing (13), and that the ap-
paratus (1) further comprises at least one holding device (25; 26} which is
arranged to switch between an active position, in which the piston arrange-
ment (11, 15, 19) is held fixed against movement, and an inactive position,
in which the piston arrangement (11, 15, 19} is allowed a movement relative
ko the cylinder housings (13, 17), said movement of the piston arrangement
(11, 15, 19) being brought about by means of a well fluid which is in fluid
communication with the second hydraulic piston (15) so that the movement
brings about an increase in a volume of the dump chamber (9) when the
holding device {25, 26) is in its inactive position, a second hydraulic cham-
ber disposed within the second hydrautic piston bore and extending between
a face side of the second hydraulic piston and the second hydraulic piston
second axial end, the second hydraulic chamber having an opening disposed
at the second hydraulic piston second axial end, wherein the opening is a
bore which extends through the second hydraulic piston from the second hy-

draulic piston second axial end to an exterior surface of the second hydraulic

Date Regue/Date Received 2023-04-26
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piston and is configured for communication of well fluid between the well

and the second hydraulic chamber.

The apparatus (1) according to claim 1, wherein the area of a piston face
(12) of the first piston (11) is larger than the area of a piston face {16) of
the second piston (15).

The apparatus according to caim 1 or 2, wherein the first cylinder housing
{13) is provided with an end pilug {21), wherein the end plug (21}, a piston
face {(12) of the first piston (11) and the portion of the first cylinder housing
{(13) define a first cylinder-housing chamber (23) which is arranged to ac-
commodate a pressurized fluid, and wherein the holding device (25; 26) is a
valve (25) arranged for selectively bleeding off the pressurized fluid.

The apparatus (1) according to any one of claims 1 to 3, wherein the second
piston (15) is in continuous fluid communication with the well fluid when the
apparatus is in its position of appiication.

The apparatus (1) according to claim 1, wherein the area of a piston face
{(12) of the first piston (11) is smaller than the area of a piston face (16) of
the second piston (15),

The apparatus (1) according to claim 5, wherein the second cylinder housing
(17) is provided with an end plug (22), wherein the end plug (22), the pis-
ton face (16) of the second piston (15) and a portion of the second cylinder
housing {17} define a second cylinder-housing chamber (33) which is pro-
vided with the holding device in the form of a valve (26) which, in its active
position, shuts off fluid communication of well fluid into the second cylinder-
housing chamber (33) and, in its inactive position, allows fluid communica-
tion of well fluid into the second cylinder-housing chamber (33).

The apparatus (1) according to claim 1, wherein the piston rod (19) has a
cross-sectional area which is smaller than the area of a piston face (12) of
the first piston (11) and the area of a piston face {(16) of the second piston
(15), and wherein a chamber wall (35) with an opening complementarily
adapted to the piston rod {(19) provides a partition between the dump cham-
ber {9) and a partition-wall chamber (37) defined by a portion of the piston
rod {19), the second cylinder housing {17) and the second piston (15).

Date Regue/Date Received 2023-04-26
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The apparatus (1) according to claim 7, wherein at least the first cylinder
housing (13) is provided with an end plug (21), wherein the end plug {21),
the piston face (12) of the first piston {11) and a portion of the first cylinder
housing (13) define a first cylinder-housing chamber (23) which is arranged
to accommodate a pressurized fluid, and wherein the holding device (25;
26} is a valve (25) arranged for selectively bleeding off the pressurized fiuid,
the valve (25), in its active position, shutting off fluid communication of the
pressurized fluid out of the first cylinder-housing chamber (23} and, in its in-
active position, allowing fluid communication of the pressurized fluid out of
the first cylinder-housing chamber (23), and wherein a pressure in the parti-
tion-wall chamber {(37) is lower than atmospheric pressure at least when a
volume in the dump chamber (9} is at a minimum.

The apparatus (1) according to claim 8, wherein a second cylinder-housing
chamber (33) defined by the second piston face (16) and the second cylin-
der housing {(17) is arranged to receive the well fluid.

The apparatus (1) according to claim 9, wherein the second cylinder housing
(17} is provided with an end plug (22) which is provided with a holding de-
vice (25; 26) in the form of a valve {(26) to contro! the inflow of well fluid
into the second cylinder-housing chamber (33), the valve (26}, in its active
position, shutting off fluid communication of well fluid into the second cylin-
der-housing chamber (33) and, in its inactive position, allowing fluid com-
munication of well fluid into the second cylinder-housing chamber (33).

A system for collecting a well sample from a well, wherein the system in-
cludes the apparatus (1) according to any one of claims 1 to 10 and a sam-
pling device (3} comprising a measuring device provided with at least one

sensor.

The systern according to claim 11, wherein the sensor includes a chromato-
graph selected from the group of a gas chromatograph, a liquid chromato-

graph and an ion chromatograph, or a combination thereof.

A system for collecting a well sample from a well, the system including the
apparatus (1) according to any one of claims 1 to 10, wherein the sampling
device {(3) comprises a tracer sample chamber which, by means of valves, is
arranged to isolate a fluid sample which is drawn from the well by means of
the dump chamber (2), and wherein the sampling device {3}, the valves and

Date Regue/Date Received 2023-04-26
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a fluid line upstream of the tracer sampie chamber is provided with an inter-
nal surface which consists of a material which is substantially non-reactive in
relation to substances carried from the well into the tracer sample chamber,
so that trace elements that are carried into the tracer sampile chamber can
be brought out of the tracer sample chamber when the well-fluid sample is
analysed.

The system according to claim 13, wherein the measuring device is placed
upstream of the tracer sample chamber, and wherein the tracer sample
chamber is arranged to be isolated from the measuring device and the dump

chamber by means of valves.

The system according to claim 14, wherein the tracer sample chamber in-
cludes a portion of a fluid line {8) extending between an outlet portion (7) of
the sampling device (3) and the dump chamber {9).

The apparatus (1) according to claim 1, wherein the holding device is a re-
leasable mechanical holding device which, in its active position, is configured
to lock the piston arrangement (11, 15, 19} in an initial position in which the
volume of the dump chamber (9) is at a8 minimum.

A method of bringing a well-fluid sample through a sampling device (3) in a
well by means of the apparatus (1) accordingtoclaim 1, ch arac -
terized in thatthe method comprises:

arranging the dump chamber (9} with a smallest possible volume and then
activating the holding device (25; 26) of the apparatus (1);

bringing the apparatus (1) together with the sampling device (3) to a de-
sired location in the well; and

initiating movement of the piston arrangement {15, 19, 11) by deactivating
the at least one holding device (25; 26) so that a well fluid sets the piston
arrangement (15, 19, 11) in motion in order thereby to increase the volume
of the dump chamber (9) and suck the well-fluid sample through the sam-

pling device (3).

The method according to claim 17, wherein the method further comprises
stopping the movement of the piston arrangement (15, 19, 11) by reactivat-
ing the holding device comprising a valve (25; 26), so that well fluid is no
longer sucked via the sampling device (3) and inte the dump chamber {9).

Date Regue/Date Received 2023-04-26
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19. The method according to any once of claims 17 or 18, wherein the movement
of the piston arrangement (15, 19, 11} is facilitated by means of a fluid in a
partition-wall chamber (37), the fluid having a pressure which is lower than
atmospheric pressure at least when the volume of the dump chamber (9) Is
5 at a minimum.

20. The method according to any one of claims 17 to 19, wherein the dump
chamber (9) is arranged with the smallest possible volume before the appa-
ratus (1) is run into the well.

Date Regue/Date Received 2023-04-26
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