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Description

[0001] This invention relates to a method to manipulate
a well, particularly but not exclusively a shut-in well.
[0002] It is useful to know as much about a well and
reservoir as possible, and monitor them, when they have
been shut-in or plugged. This can provide useful infor-
mation on the reservoir which can assist future recovery
from neighbouring wells, and can also alert operators to
potential problems.
[0003] A variety of tests can be conducted to determine
well and reservoir characteristics. One connectivity test
is a pulse test where a pressure pulse is sent from one
well to another, and the relatively subtle pressure wave
detected in the second well. It can then be inferred wheth-
er and to what extent the reservoir (or a particular zone)
is open and allows pressure communication between
these wells. This can be useful to determine the optimum
strategy for extracting fluids from the reservoir.
[0004] Another connectivity test is an interference test
which monitors longer term affects at an observation well
following production (or injection) in a separate well, and
useful data can also be obtained regarding the reservoir
between the wells or zones, such as connectivity, per-
meability, and storage capacity.
[0005] The inventors of the present invention have not-
ed that the pressure signal in the receiving well can be
difficult to detect, especially when the well has been tem-
porarily or permanently abandoned, and it includes a kill
fluid, and especially when filter cake may be present.
It is known to fire perforating guns to open up the casing
and formation for fluid flow. On occasion, debris is gen-
erated by this operation, and the debris can impede the
flow of fluid into the well.
[0006] References herein to ’casing’ includes ’liner’ un-
less stated otherwise.
[0007] US2011 0174487 describes a perforating sys-
tem which includes underbalance pulsations immediate-
ly following a perforating gun activation. Some cleaning
of the debris is afforded by such a system, but it is inex-
tricably connected to perforating gun activation. The in-
ventors of the present invention have noted that further
optimisation on the timing of the underbalance effects
can be gained independent of gun activation, and indeed
regardless of whether perforating guns are present or
not.
[0008] US 2002/0066563 describes a tool string with
a sampling apparatus where a volume of sample fluid is
trapped and removed from the wellbore for test. The tool
string may also include perforating guns.
[0009] US 2002/0020535 describes using chambers
in a well to create an underbalanced condition by opening
an atmospheric chamber. The apparatus may also be
associated with perforating guns.
[0010] Moreover embodiments of the present inven-
tion address further limitations of the state of the art over
and above mitigating perforating gun debris.
[0011] Thus an object of the present invention is to

mitigate one or more of the limitations of the state of the
art.
[0012] According to one aspect of the present invention
there is provided a method to manipulate a well, com-
prising:

- providing a pressure sensor in the well;
- providing an apparatus in a well below an annular

sealing device, the annular sealing device engaging
with an inner face of casing or wellbore in the well,
and being at least 100m below a surface of the well,

- providing a connector for connecting the apparatus
to the annular sealing device, the connector being
above the apparatus and below the annular sealing
device;

the apparatus comprising:

- a container having a volume of at least 50 litres;
- a port to allow pressure and fluid communication be-

tween an inside and an outside of the container;
- a mechanical valve assembly having a valve mem-

ber adapted to move to selectively allow or resist
fluid entry into at least a portion of the container, via
the port;

- a control mechanism to control the mechanical valve
assembly, comprising a communication device con-
figured to receive a control signal for moving the
valve member;

- sealing the container at the surface, and then de-
ploying it into the well such that the apparatus moves
from the surface into the well below the annular seal-
ing device with the container sealed;

- the pressure in at least a portion of said inside of the
container being less than said outside of the contain-
er for at least one minute;

- sending a control signal from above the annular seal-
ing device to the communication device at least in
part by a wireless control signal transmitted in at least
one of the following forms: electromagnetic, acous-
tic, inductively coupled tubulars and coded pressure
pulsing;

- moving the valve member in response to said control
signal to allow fluid to enter the container; and,

- drawing in at least 5 litres of fluid into the container.

[0013] Said manipulation can reduce formation dam-
age, that is at least partially unblock any blocked portions
and/or clear portions of the well and/or surrounding for-
mation; often sufficient to improve pressure connectivity
between the well and formation. The inventors of the
present invention have recognised that production rates,
injection rates, effective testing and/or other well opera-
tions can be compromised by pores or other areas being
blocked and that knowledge of the effectiveness of un-
blocking these areas is useful. These blockages may be
caused by debris such as kill fluid mud filter cake, lost
circulation material, or perforation debris. Thus ’debris’
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may include perforation debris and/or formation damage
such as filter cake.
[0014] It can be difficult to control the pressure in the
area below an annular sealing device between a cas-
ing/wellbore and an inner production tubing or test string,
especially independent of the fluid column in the inner
production tubing. Thus embodiments of the present in-
vention can provide a degree of pressure control in this
area, especially through the combination of the container
and the wireless control.
[0015] The flow rate into the container is typically rel-
atively fast, such as more than 1 or more than 5 litres per
second. However, in use following the valve moving, the
pressure in the container reduces as it equalises and
consequently the flow rate reduces until the pressures
are generally balanced (or for example the valve is
closed). Nevertheless, typically the flow rate of at least
1 or at least 5 litres per second will be maintained for at
least 0.5 seconds or perhaps more than 1 second or more
than 2 seconds.
[0016] Given these relatively fast flow rates, the pres-
sure is typically equalised (that is to within 100 psi, ap-
prox. 690 kPa) between inside of the container and out-
side the container within at most 40 seconds, or sooner
such as at most 20 seconds or at most 10 seconds.
[0017] Normally, the valve member is moved in re-
sponse to the control signal, at least 2 minutes before
and/or at least 2 minutes after, any perforating gun acti-
vation. It may be at least 10 minutes before and/or after
any perforating gun activation. Thus their independent
control can elicit useful information between guns firing
and the valve member moving. The performance of guns
can then be assessed since the movement of the valve
member is independent of the operation of the guns. For
example, the effectiveness of the perforation could be
assessed.
[0018] Indeed, there may be no perforation gun acti-
vation or no guns. Therefore such devices can work with-
out perforating guns.
[0019] Communication path(s) can be perforations
created in the well and surrounding formation by a per-
forating gun. In some cases, use of a perforating gun to
provide communication path(s) is not required. For ex-
ample the well may be open hole and/or it may include
a screen/gravel packs, slotted sleeve or a slotted liner or
has previously been perforated. References to commu-
nication path(s) herein include all such examples where
access to the formation is provided and is not limited to
perforations created by perforating guns.
[0020] Thus whether perforating guns are present or
not, such embodiments act independently of perforating
guns’ activation, which can allow more data to be collect-
ed on the nature of the well and/or reservoir. There can
also be better control of the resulting "underbalance ef-
fect" from the lower pressure inside the container, due
to the independent control from the guns. Additionally or
alternatively, the activation, may improve the quality of
the communication paths by for example "cleaning" the

communication paths.
[0021] The invention also provides a method to gain
data to determine condition(s) in a well or reservoir es-
pecially before and after manipulating the well by the
method described above.

Container options

[0022] The apparatus may be elongate in shape. It may
be in the form of a pipe. It is normally cylindrical in shape.
[0023] Whilst the size of the container can vary, de-
pending on the nature of the well, typically the container
may have a volume of at least 50 litres (I), optionally at
least 100 I. The container may have a volume of at most
3000 I, normally at most 1500 I, optionally at most 500 I.
[0024] Thus the apparatus may comprise a pipe/tubu-
lar (or a sub in part of a pipe/tubular) housing the con-
tainer and other components, or indeed, the container
may be made up of tubulars, such as tubing, drill pipe,
liner, or casing joined together. The tubulars may com-
prise joints each with a length of from 3m to 14m, gen-
erally 8m to 12m, and nominal external diameters of from
2 3/8", approx. 6 cm (or 2 7/8", approx. 7 cm) to
7" (approx. 18 cm).
[0025] As well as the mechanical valve assembly, the
container may comprise a drain valve. For example this
may be provided spaced away from the mechanical valve
assembly to allow fluid therein to drain more readily when
the apparatus is returning to surface.

Valve options

[0026] The valve member may comprise a piston, es-
pecially a floating piston. Where the valve member com-
prises a piston, a separate control valve may be provided
between two chambers.
[0027] The valve member can be controlled directly or
indirectly. In certain embodiments, the valve member is
driven directly by the control mechanism electro-me-
chanically or electro-hydraulically via porting. In other
embodiments the valve is controlled indirectly by, for ex-
ample, movement of a piston causing the valve to move.
[0028] The valve member may be at the port.
[0029] The valve member may be adapted to close the
port in a first position, and open the port in a second
position. Thus, normally, in the first position the valve
member seals said inside of the container from said out-
side of the container, and normally, in the second posi-
tion, the valve member allows fluid entry to the container.
Thus, in the second position, pressure and fluid commu-
nication may be allowed between said inside of the con-
tainer and said outside of the container.
[0030] The valve member may comprise a sleeve.
Thus the apparatus may comprise a sleeve over or nor-
mally within a pipe or tubular, the pipe/tubular having a
plurality of apertures which form the ports, which can be
opened and closed by relative movement of the sleeve
and pipe, for example rotation but preferably by relative
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longitudinal movement.
[0031] There may be less than ten ports, or less than
five ports.
[0032] There may be a plurality of valve members, op-
tionally controlling ports of different sizes or the valve
members having different sizes themselves. Each differ-
ent valve member may be independently controlled.
[0033] One valve member (for example a smaller one)
may be opened, and the pressure change monitored,
using information from a pressure gauge inside or outside
of the apparatus, the second valve member (for example
a larger one) may be opened, for example at an optimum
time, and/or to an optimum extent based on information
received from the pressure gauge.
[0034] The apparatus may comprise a choke.
[0035] The port provides a cross-sectional area for
pressure and fluid communication. Said area may be
least 0.1 cm2, normally at least 0.25 cm2, optionally at
least 1 cm2. The cross-sectional area may be at most
150cm2 or at most 25 cm2, or at most 5 cm2, optionally
at most 2 cm2. Thus such a cross-sectional area may
form a choke to limit the rate of entry via the port.
[0036] The choke may be integrated with the mechan-
ical valve assembly or it may be in a flowpath comprising
the port and the mechanical valve assembly.
[0037] The pressure difference between the inside and
outside of the container, the volume of container, and the
cross sectional area and/or the choke may be configured
such that the pressure drop after the valve opens is at
least 100 psi (approx. 690 kPa), optionally at least 500
psi (approx. 3400 kPa) or at least 1000 psi (approx. 6900
kPa). This can depend on well conditions e.g. reservoir
pressure and permeability. In this way, any pre-existing
formation damage may be mitigated.
[0038] Thus in contrast to distinct procedures on a well,
where fluid displacement and pressure drop in the well
are minimised, embodiments of the present invention are
directed to create a pressure drop.
[0039] Where the valve comprises a piston, the cross-
sectional area for fluid entry may be different, for example
at least 16 cm2, optionally at least 50cm2 or at least 100
cm2. Normally it is at most 250 cm2 or at most 200 cm2.
[0040] Said cross-sectional area may comprise a filter.
[0041] The valve member may function as the choke,
optionally an adjustable choke which can be varied in
situ or it may be a fixed choke. Where a plurality of valve
members are provided, multiple different sizes of chokes
may be provided. The mechanical valve assembly can
therefore comprise a variable valve member.
[0042] Thus the size of the cross-sectional area for fluid
entry may be small enough, for example 0.1 - 0.25 cm2,
which effectively chokes the fluid entry.
[0043] More generally, the valve member may move
again to the position in which it started, or to a further
position, which may be a further open or further closed
or partially open/closed position. This is normally in re-
sponse to a further control signal being received by the
communication device (or this may be an instruction in

the original signal). Optionally therefore the valve mem-
ber can move again to resist fluid entry to said inside of
the container and from said outside of the container. For
example, flow rate can be stopped or started again or
changed, and optionally this may be part-controlled in
response to a parameter or time delay. Normally the valve
member in an open second position remains connected
to the apparatus.
[0044] The valve may be closed before the pressure
between the container and the well has balanced. The
remaining pressure differential may optionally be utilised
at a later time. Thus the procedure of opening the valve
member to allow or resist fluid entry can be repeated at
a later time.
[0045] For example, in order to draw in at least five
litres of fluid into the well three litres may be drawn in and
then the valve member moved to close the port, and then
moved again to open the port for the remaining two litres
or more.
[0046] The mechanical valve assembly comprises the
solid valve member. The mechanical valve assembly nor-
mally has an inlet, a valve seat and a sealing mechanism.
The seat and sealing mechanism may comprise a single
component (e.g. pinch valve, or mechanically ruptured
disc).
[0047] Suitable mechanical valve assemblies may be
selected from the group consisting of: gate valves, ball
valves, plug valves, regulating valves, cylindrical valves,
piston valves, solenoid valves, diaphragm valves, disc
valves, needle valves, pinch valves, spool valves, and
sliding or rotating sleeves.
[0048] More preferred for the mechanical valve assem-
bly of the present invention is a valve assembly which
may be selected from the group consisting of gate valves,
ball valves, plug valves, regulating valves, cylindrical
valves, piston valves, solenoid valves, disc valves, nee-
dle valves, and sliding or rotating sleeves.
[0049] In particular, piston, needle and sleeve valve
assemblies are preferred.
[0050] The valve assembly may incorporate a spring
mechanism such that in one open position it functions as
a variable pressure release valve.
[0051] The valve member may be actuated by at least
one of a (i) motor & gear, (ii) spring, (iii) pressure differ-
ential, (iv) solenoid and (v) lead screw.
[0052] The mechanical valve assembly may be at one
end of the apparatus. However it may be in its central
body. One may be provided at each end.
[0053] The control mechanism may be configured to
move the valve member to selectively allow or resist fluid
entry into at least a portion of the container when a certain
condition is met, e.g. when a certain pressure is reached
e.g. 2000 psi (approx. 14000 kPa) or after a time delay.
Thus the control signal causing the response of moving
the valve member, may be conditional on certain param-
eters, and different control signals can be sent depending
on suitable parameters for the particular well conditions.
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Fluid options

[0054] The container normally comprises fluid, normal-
ly gas for example, at least 85vol% gas, such as nitrogen,
carbon dioxide, or air. In one embodiment, fluid can be
sealed in at least a portion (for example more than
50vol%) of the container at atmospheric pressure before
being deployed, and then the apparatus deployed in the
well (which has a higher downhole pressure). Thus, the
pressure in said portion of the container which has a pres-
sure less than the outside of the container may be, before
fluid entry, in the range of 14 to 25 psi (approx. 97 to 172
kPa), that is normal atmospheric pressure which has
sometimes increased with the higher temperatures in the
well.
[0055] Alternatively, the container may be effectively
evacuated, that is at a pressure of less than 14 psi (ap-
prox. 97 kPa), optionally less than 10 psi (approx. 69
kPa).
[0056] The pressure difference between said portion
of the inside of the container with a reduced pressure
and said outside of the container before fluid entry is al-
lowed may be at least 100 psi (approx. 690 kPa), pref-
erably at least 1000 psi (approx. 6900 kPa).

Well Tests

[0057] In one embodiment well fluids are drawn into
the container, and in effect a small well test is conducted.
This can provide useful information without going to the
expense and time of conducting a full well test or closed
chamber test.
[0058] Optionally a secondary container can be pro-
vided which can help clear the well, as described herein,
before such a well test is conducted using the first con-
tainer.

Secondary Containers

[0059] In addition to the container (sometimes referred
to below as a ’primary container’) there may be one or
more secondary containers, optionally each with respec-
tive control devices controlling fluid communication be-
tween the inside of the respective secondary container
and the outside of that container. This may be, for exam-
ple, a surrounding portion of the well, or another portion
of the apparatus or the formation.
[0060] The control devices of the secondary containers
may include pumps, mechanical valves and/or latch as-
semblies.
[0061] A piston may be provided in one or more of the
secondary containers. It may, for certain embodiments,
function as the valve.
[0062] Alternatively, a floating piston may be controlled
indirectly by the control device such as the valve. In some
embodiments, the piston may be directly controlled by
the latch assembly.
[0063] The latch assembly can control the floating pis-

ton - it can hold the floating piston in place against action
of other forces (e.g. well pressure) and is released in
response to an instruction from the control mechanism.
[0064] Thus a secondary container can have a me-
chanical valve assembly (such as those described here-
in) or latch assembly, or a pump which regulates fluid
communication between said inside of that secondary
container and said outside of that secondary container.
The control device may or may not be provided at a port.
[0065] Thus there may be one, two, three or more than
three secondary containers. The further control devices
for the secondary containers may or may not move in
response to a control signal, but may instead respond
based on a parameter or time delay. Each control device
for the respective secondary container can be independ-
ently operable. A common communication device may
be used for sending a control signal to a plurality of control
devices.
[0066] The contents of the containers may or may not
be miscible at the outlet. For example one container can
have a polymer and a second container a cross linker,
when mixed, in use, in the well form a gel or otherwise
set/cure. The containers can be configured differently,
for example have different volumes or chokes etc.
[0067] The containers may have a different internal
pressure compared to the pressure outside of the con-
tainer such as the surrounding portion of the well or the
formation. If less than the outside of the container, as
described more generally herein, they are referred to as
’underbalanced’ and when more than the outside of the
container they are referred to as ’overbalanced’.
[0068] Thus (an) underbalanced or overbalanced sec-
ondary container(s) and associated secondary port and
control device may be provided, the secondary contain-
er(s) each preferably having a volume of at least five litres
and, in use, having a pressure lower/higher than the out-
side of the container normally for at least one minute,
before the control device is activated optionally in re-
sponse to the control signal. Fluids surrounding the sec-
ondary container can thus be drawn in (for underbal-
anced containers), optionally quickly, or fluids expelled
(for overbalanced containers).
[0069] Thus, a plurality of primary and/or secondary
containers or apparatus may be provided each having
different functions, the primary container being underbal-
anced, one or more secondary containers may be over-
balanced and one or more secondary containers may be
controlled by a pump.
[0070] This can be useful, for example, to partially clear
a filter cake using an underbalanced container, before
deploying an acid treatment onto the perforations using
the container controlled by a pump.
[0071] Alternatively, for a short interval manipulation,
a skin barrier could be removed from the interval by acid
deployed from an overbalanced container and then the
apparatus with an underbalanced container used to draw
fluid from the interval.
[0072] Fluid from a first chamber within the container

7 8 



EP 3 464 820 B1

6

5

10

15

20

25

30

35

40

45

50

55

can go into another to mix before being released/ex-
pelled.
[0073] The port may include a non-return valve which
can resist fluid release from the container.

Tests

[0074] The method described herein may be used to
conduct an interval test, drawdown test, flow test, build-
up test, pressure test, or connectivity tests such as a
pulse or an interference test. Sensors optionally record
the pressure during such a test.
[0075] A pulse test is where a pressure pulse is induced
in a formation at one well/isolated section of the well and
detected in another "observing" well or separate isolated
section of the same well, and whether and to what extent
a pressure wave is detected in the observing well or iso-
lated section, provides useful data regarding the pres-
sure connectivity of the reservoir between the wells/iso-
lated sections. Such information can be useful for a
number of reasons, such as to determine the optimum
strategy for extracting fluids from the reservoir.
[0076] An interference test is similar to a pulse test,
though monitors longer term effects at an observation
well/isolated section following production (or injection) in
a separate well or isolated section.
[0077] For such connectivity tests, the well being ma-
nipulated according to embodiments of the present in-
vention is the observing well/isolated section. Thus the
method described herein may include observing for pres-
sure changes in the well as part of a connectivity test.
[0078] For certain embodiments however, the method
of manipulating the well may be the well - particularly the
isolated section - from where pulses are sent using the
apparatus. For example, in a multi-lateral well, the appa-
ratus may send a pressure pulse from one side-track of
the same well to another. Side tracks (or the main bore)
of wells which are isolated from each other are defined
herein as separate isolated sections.
[0079] When the valve member is moved in response
to the control signal to allow for fluid entry, there is, for
certain embodiments, a (preferably sudden) drawdown
in pressure, which can clear debris, such as perforation
debris, filter cake and/or lost circulation material, from
the well in the vicinity of the communication paths/forma-
tion. Optionally some of the debris, for example filter
cake, may enter the container. Moreover, perforating de-
bris may also be cleared.
[0080] In alternative embodiments, the well fluid is al-
lowed to flow into the container gradually over several
seconds (such as 5 - 10 seconds), or longer (such as 2
minutes - 6 hours) or even very slow (such as 1 - 2 days),
rather than less than a second. Choke functionality is
therefore particularly useful.

Floating piston

[0081] Moreover, for certain embodiments, the valve

member may be a floating piston and is thus configured
to allow or resist fluid entry into the container. Normally
the floating piston has a dynamic seal against an inside
of the container. The container may include two sections
referred to as a dump chamber and a fluid chamber. For
such embodiments, the dump chamber is normally the
portion of the container having a pressure less than said
outside of the container for at least one minute.
[0082] The floating piston can separate two sections
in the fluid chamber, one section in fluid communication
with the port and another section on an opposite side of
the floating piston, in communication with the dump
chamber.
[0083] Thus one side of the floating piston may be ex-
posed to the well pressure via the port. Before effectively
opening the port by moving the floating piston, a restrain-
ing mechanism is provided. Oftentimes, this includes a
fluid, such as oil, in the fluid chamber on the dump cham-
ber side of the floating piston. A control valve, choke
and/or pump is normally provided to control fluid com-
munication between the fluid chamber and the dump
chamber. Alternatively the restraining mechanism may
be a latching mechanism to hold the floating piston in
position against the force of the well pressure, until it is
activated to move.
[0084] Thus in response to the control signal the con-
trol mechanism can control the restraining mechanism
and the floating piston moves which allows fluid entry to
the container (fluid chamber section) from outside the
container e.g. the well, to draw fluids therein.
[0085] In one embodiment therefore, when instructed
by the wireless signal, the restraining mechanism be-
tween the fluid chamber and dump chamber may allow
fluid flow from the fluid chamber into the dump chamber,
driven by the action of the well pressure on the floating
piston, thus allowing well fluids into the fluid chamber.
For certain embodiments, a choke may be provided be-
tween the fluid chamber and the dump chamber to reg-
ulate movement of the floating piston which controls the
ingress of fluids into the fluid chamber from the well.
[0086] A non-return valve may be provided in the port.
[0087] The dump chamber may have at least 90% of
the volume of that of the fluid chamber but preferably the
dump chamber has a volume greater than the volume of
the fluid chamber to avoid or mitigate pressure build-up
within the dump chamber and hence achieve a more uni-
form flow rate into the fluid chamber. The dump chamber
may consist of gas, optionally at approximately atmos-
pheric pressure, or may be partially evacuated.

Short Interval

[0088] The method to manipulate the well according
to the first aspect of the invention, may include a method
of conducting a short interval test and so position the port
between two portions of one or more annular sealing de-
vice(s), which between them define a short interval. The
valve member can be moved in response to the control

9 10 



EP 3 464 820 B1

7

5

10

15

20

25

30

35

40

45

50

55

signal to expose the pressure in the container to the ad-
jacent well/reservoir.
[0089] According to a second aspect of the present
disclosure there is provided a method to manipulate a
well by conducting a short interval test, comprising:

- providing a pressure sensor in the well;
- providing an apparatus in the well, the apparatus

comprising a container having a volume of at least
5 litres and a port to allow pressure and fluid com-
munication between a portion of an inside of the con-
tainer and an outside of container;

- the port of the apparatus being below a first portion
of a packer element and above a second portion of
a or the packer element, said portions spaced apart
from each other by up to 10m thus defining a short
interval, and each engaging with an inner face of
casing or wellbore in the well, and being at least
100m below a surface of the well;

- the short interval including at least one communica-
tion path between the well and the formation;
the apparatus further comprising:

- a mechanical valve assembly having a valve
member adapted to move to selectively allow or
resist fluid entry into at least a portion of the con-
tainer, via the port;

- a control mechanism comprising a communica-
tion device configured to receive a control signal
for moving the valve member;

- deploying the apparatus into the well on a tubular,
- the pressure in at least a portion of an inside of the

container being less than an outside of the container
for at least one minute;

- sending a control signal from outwith the short inter-
val to the control mechanism at least in part by a
wireless control signal transmitted in at least one of
the following forms: electromagnetic, acoustic, in-
ductively coupled tubulars and coded pressure puls-
ing;

- moving the valve member in response to said control
signal to allow fluid to enter the container; and,

- drawing in at least 5 litres of fluid into the container
from the well.

[0090] In alternative embodiments, rather than a re-
duced pressure in said inside of the container compared
to said outside of the container, a pump can be used in
place of the mechanical valve assembly in order to draw
fluids into the container. Further embodiments have both
options.
[0091] The short interval may be defined by one packer
element shaped to seal a (relatively small) interval
formed from a recess within, or the shape of, the overall
packer element. Thus for such embodiments, said first
and second portions of a packer element belong to the
same packer element, for example a single circular pack-

er element. A first packer may therefore include the first
and second portions of the packer element.
[0092] In other embodiments, the short interval is de-
fined between packer elements such as a packer element
described more generally herein above, and a further
packer element. For such embodiments said first and
second portions of packer elements are separate packer
elements. For such embodiments, a first packer may
therefore include the first portion of the packer element,
and a second packer may include said second portion,
which is a different packer element.
[0093] Thus there can be a second packer element
where at least the port of the apparatus is positioned
above the second packer element. The entire apparatus
may be positioned above said second packer element.
The second packer element may be wirelessly controlled.
Thus it may be expandable and/or retractable in re-
sponse to wireless signals.
[0094] Thus in contrast with the first aspect of the in-
vention, the port of the apparatus in the second aspect
of the disclosure is below the first packer element (a form
of annular sealing device) whereas in the first aspect of
the invention the apparatus is below the annular sealing
device.
[0095] The short interval, i.e. the distance between two
annular sealing devices, may be less than 10m, option-
ally less than 5m or less than 2m, less than 1 m, or less
than 0.5m. These distances are taken from the lowermost
point of the first packer element, and the uppermost point
of the second packer element. Thus this can limit the
volume and so the apparatus is more effective when the
port is exposed to the limited volume.
[0096] The wireless signal may be sent from outwith
the short interval to the control mechanism entirely in its
said wireless form.
[0097] Inflatable packers may comprise said packer el-
ements especially for openhole applications. For such
openhole applications, the packer elements used in the
short interval test may be relatively long, that is 1 - 10m,
optionally 3 - 8m. This is because the pressure drop in
formation may cause flow around the packer element.
Increasing the length of the packer elements reduces the
risk of this occurring.
[0098] Sensors optionally record the pressure espe-
cially of the formation for example at the port or outside
the apparatus.
[0099] One or both of the packer element(s) may be
part of an annular sealing device described more gener-
ally herein.
[0100] The packer(s) may be resettable, so that it/they
may be set in a first position and a first test may be per-
formed, then disengaged, moved and reset in a different
position, where a second test may be performed. Such
a procedure is especially suitable in an openhole section
of the well.
[0101] The packer(s) used in a short interval manipu-
lation may also be deployed as part of a drill stem test
(DST) string. For example, when performing a drill stem
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test, a short interval test may be conducted in a section
of the well above or below the section being tested in the
DST.
[0102] Where space permits, a perforating device such
as a perforating gun may be provided in the short interval.
This short interval manipulation is also particularly suit-
able to being performed in an openhole section.
[0103] In order to conduct a short interval test, at least
one packer is preferably deployed on a tubular, such as
drill pipe, casing and optionally coiled tubing.
[0104] Thus, the apparatus may be part of a string
which includes a drill bit. The packer(s) may be mounted
on said string, and activated to engage with an outer well
casing or wellbore.
[0105] There may be a connector, as described herein
more generally, for connecting the apparatus to the first
packer, the connector being above the apparatus and
below the first packer element.
[0106] The outside of the container according to the
second aspect of the disclosure may be a surrounding
portion of the well between the first and second portions
of the packer element(s).
[0107] The method described herein may be used to
conduct a permeability, a flow, pressure, or similar
test/manipulation.
[0108] In one embodiment, the well may be manipu-
lated by conducting a flow test. Flow from the reservoir
is produced into said defined short interval, and proceeds
through the apparatus. The resulting pump rate can be
used to control and/or estimate the flow rate from the
reservoir.
[0109] After pressure and fluid communication be-
tween the inside and the outside of the container has
been allowed, conducting a build-up test can provide in-
formation on reservoir boundaries.
[0110] Optional features described above with respect
to the first aspect of the invention are optional features
with respect to the second aspect of the disclosure. For
example, a floating piston and dump chamber are espe-
cially useful in embodiments in accordance with the sec-
ond aspect of the disclosure. For example the container
having volumes of at least 50 litres (I), optionally at least
100 I and optionally a volume of at most 3000 I, normally
at most 1500 I, optionally at most 500 I.

Pump Addition

[0111] The apparatus may comprise an electrical
pump to direct fluids from said inside of the container to
said outside of the container. Thus fluid may be drawn
into the container as described further above and then
expelled from the container using the pump, optionally
recharging the underbalance of pressure inside the con-
tainer i.e. reducing the container pressure compared to
outside the container. This recharged underbalanced
container can be activated again.
[0112] Thus especially for the short interval test em-
bodiment, the apparatus may further comprise an ex-

haust port in fluid communication with the container, and
the exhaust port is positioned below the second annular
sealing device or above the first (upper) annular sealing
device, and the pump can expel fluids outwith the short
interval through said exhaust port.
[0113] The electrical pump is preferably a positive dis-
placement pump such as a piston pump, gear type pump,
screw pump, diaphragm, and lobe pump; especially a
piston or gear pump. Alternatively the pump may be a
velocity pump such as a centrifugal pump. The electrical
pump may drive another pump which in turn moves the
fluid from inside the container to outside the container.
This second pump need not be electrical; rather the
’prime mover’ is electrical.
[0114] In any case, the pump can pump the fluid di-
rectly i.e. the fluid moving from inside the container to
outside the container; or indirectly i.e. an intermediate
fluid which acts on the fluid moving from inside the con-
tainer to outside the container indirectly, for example via
a floating piston. Thus embodiments with a dump cham-
ber and floating piston are particularly suited to including
a pump.

Signals

[0115] The wireless control signal is transmitted in at
least one of the following forms: electromagnetic, acous-
tic, inductively coupled tubulars and coded pressure puls-
ing and references herein to "wireless" relate to said
forms, unless where stated otherwise.
[0116] The communication device may comprise a
wireless communication device. In alternative embodi-
ments, the communication device is a wired communi-
cation device and the wireless signal transmitted in other
parts of the well.

Coded Pressure Pulses

[0117] Pressure pulses include methods of communi-
cating from/to within the well/borehole, from/to at least
one of a further location within the well/borehole, and the
surface of the well/borehole, using positive and/or neg-
ative pressure changes, and/or flow rate changes of a
fluid in a tubular and/or annular space.
[0118] Coded pressure pulses are such pressure puls-
es where a modulation scheme has been used to encode
commands within the pressure or flow rate variations and
a transducer is used within the well/borehole to detect
and/or generate the variations, and/or an electronic sys-
tem is used within the well/borehole to encode and/or
decode commands. Therefore, pressure pulses used
with an in-well/borehole electronic interface are herein
defined as coded pressure pulses. An advantage of cod-
ed pressure pulses, as defined herein, is that they can
be sent to electronic interfaces and may provide greater
data rate and/or bandwidth than pressure pulses sent to
mechanical interfaces.
[0119] Where coded pressure pulses are used to trans-
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mit control signals, various modulation schemes may be
used such as a pressure change or rate of pressure
change, on/off keyed (OOK), pulse position modulation
(PPM), pulse width modulation (PWM), frequency shift
keying (FSK), pressure shift keying (PSK), amplitude
shift keying (ASK), combinations of modulation schemes
may also be used, for example, OOK-PPM-PWM. Data
rates for coded pressure modulation schemes are gen-
erally low, typically less than 10bps, and may be less
than 0.1 bps.
[0120] Coded pressure pulses can be induced in static
or flowing fluids and may be detected by directly or indi-
rectly measuring changes in pressure and/or flow rate.
Fluids include liquids, gasses and multiphase fluids, and
may be static control fluids, and/or fluids being produced
from or injected in to the well.

Signals - General

[0121] Preferably the wireless signals are such that
they are capable of passing through a barrier, such as a
plug or said annular sealing device, when fixed in place,
and therefore preferably able to pass through the isolat-
ing components. Preferably therefore the wireless sig-
nals are transmitted in at least one of the following forms:
electromagnetic, acoustic, and inductively coupled tubu-
lars.
[0122] The signals may be data or control signals
which need not be in the same wireless form. According-
ly, the options set out herein for different types of wireless
signals are independently applicable to data and control
signals. The control signals can control downhole devic-
es including sensors. Data from sensors may be trans-
mitted in response to a control signal. Moreover data ac-
quisition and/or transmission parameters, such as acqui-
sition and/or transmission rate or resolution, may be var-
ied using suitable control signals.
[0123] EM/Acoustic and coded pressure pulsing use
the well, borehole or formation as the medium of trans-
mission. The EM/acoustic or pressure signal may be sent
from the well, or from the surface. If provided in the well,
an EM/acoustic signal can travel through any annular
sealing device, although for certain embodiments, it may
travel indirectly, for example around any annular sealing
device.
[0124] Electromagnetic and acoustic signals are espe-
cially preferred - they can transmit through/past an an-
nular sealing device or annular barrier without special
inductively coupled tubulars infrastructure, and for data
transmission, the amount of information that can be
transmitted is normally higher compared to coded pres-
sure pulsing, especially data from the well.
[0125] Therefore, the communication device may com-
prise an acoustic communication device and the wireless
control signal comprises an acoustic control signal and/or
the communication device may comprise an electromag-
netic communication device and the wireless control sig-
nal comprises an electromagnetic control signal.

[0126] Similarly the transmitters and receivers used
correspond with the type of wireless signals used. For
example an acoustic transmitter and receiver are used
if acoustic signals are used.
[0127] Where inductively coupled tubulars are used,
there are normally at least ten, usually many more, indi-
vidual lengths of inductively coupled tubular which are
joined together in use, to form a string of inductively cou-
pled tubulars. They have an integral wire and may be
formed tubulars such as tubing drill pipe or casing. At
each connection between adjacent lengths there is an
inductive coupling. The inductively coupled tubulars that
may be used can be provided by N O V under the brand
Intellipipe®.
[0128] Thus, the EM/acoustic or pressure wireless sig-
nals can be conveyed a relatively long distance as wire-
less signals, sent for at least 200m, optionally more than
400m or longer which is a clear benefit over other short
range signals. Embodiments including inductively cou-
pled tubulars provide this advantage/effect by the com-
bination of the integral wire and the inductive couplings.
The distance travelled may be much longer, depending
on the length of the well.
[0129] The control signal, and optionally other signals,
may be sent in wireless form from above the annular
sealing device to below the annular sealing device. Like-
wise signals may be sent from below the annular sealing
device to above the annular sealing device in wireless
form.
[0130] Data and commands within the signal may be
relayed or transmitted by other means. Thus the wireless
signals could be converted to other types of wireless or
wired signals, and optionally relayed, by the same or by
other means, such as hydraulic, electrical and fibre optic
lines. In one embodiment, the signals may be transmitted
through a cable for a first distance, such as over 400m,
and then transmitted via acoustic or EM communications
for a smaller distance, such as 200m. In another embod-
iment they are transmitted for 500m using coded pres-
sure pulsing and then 1000m using a hydraulic line.
[0131] Thus whilst non-wireless means may be used
to transmit the signal in addition to the wireless means,
preferred configurations preferentially use wireless com-
munication. Thus, whilst the distance travelled by the sig-
nal is dependent on the depth of the well, often the wire-
less signal, including relays but not including any non-
wireless transmission, travel for more than 1000m or
more than 2000m. Preferred embodiments also have sig-
nals transferred by wireless signals (including relays but
not including non-wireless means) at least half the dis-
tance from the surface of the well to the apparatus.
[0132] Different wireless signals may be used in the
same well for communications going from the well to-
wards the surface, and for communications going from
the surface into the well.
[0133] Thus, the wireless signal may be sent to the
communication device, directly or indirectly, for example
making use of in-well relays above and/or below any an-
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nular sealing device. The wireless signal may be sent
from the surface or from a wireline/coiled tubing (or trac-
tor) run probe at any point in the well above any annular
sealing device. For certain embodiments, the probe may
be positioned relatively close to any annular sealing de-
vice for example less than 30m therefrom, or less than
15m.

Acoustic

[0134] Acoustic signals and communication may in-
clude transmission through vibration of the structure of
the well including tubulars, casing, liner, drill pipe, drill
collars, tubing, coil tubing, sucker rod, downhole tools;
transmission via fluid (including through gas), including
transmission through fluids in uncased sections of the
well, within tubulars, and within annular spaces; trans-
mission through static or flowing fluids; mechanical trans-
mission through wireline, slickline or coiled rod; trans-
mission through the earth; transmission through well-
head equipment. Communication through the structure
and/or through the fluid are preferred.
[0135] Acoustic transmission may be at sub-sonic (<20
Hz), sonic (20 Hz - 20kHz), and ultrasonic frequencies
(20kHz - 2MHz). Preferably the acoustic transmission is
sonic (20Hz - 20khz).
[0136] The acoustic signals and communications may
include Frequency Shift Keying (FSK) and/or Phase Shift
Keying (PSK) modulation methods, and/or more ad-
vanced derivatives of these methods, such as Quadra-
ture Phase Shift Keying (QPSK) or Quadrature Amplitude
Modulation (QAM), and preferably incorporating Spread
Spectrum Techniques. Typically they are adapted to au-
tomatically tune acoustic signalling frequencies and
methods to suit well conditions.
[0137] The acoustic signals and communications may
be uni-directional or bi-directional. Piezoelectric, moving
coil transducer or magnetostrictive transducers may be
used to send and/or receive the signal.

EM

[0138] Electromagnetic (EM) (sometimes referred to
as Quasi-Static (QS)) wireless communication is normal-
ly in the frequency bands of: (selected based on propa-
gation characteristics) sub-ELF (extremely low frequen-
cy) <3Hz (normally above 0.01Hz);
ELF 3Hz to 30Hz;
SLF(super low frequency) 30Hz to 300Hz;
ULF (ultra low frequency) 300Hz to 3kHz; and,
VLF (very low frequency) 3kHz to 30kHz.
[0139] An exception to the above frequencies is EM
communication using the pipe as a wave guide, particu-
larly, but not exclusively when the pipe is gas filled, in
which case frequencies from 30kHz to 30GHz may typ-
ically be used dependent on the pipe size, the fluid in the
pipe, and the range of communication. The fluid in the
pipe is preferably non-conductive. US 5,831,549 de-

scribes a telemetry system involving gigahertz transmis-
sion in a gas filled tubular waveguide.
[0140] Sub-ELF and/or ELF are preferred for commu-
nications from a well to the surface (e.g. over a distance
of above 100m). For more local communications, for ex-
ample less than 10m, VLF is preferred. The nomencla-
ture used for these ranges is defined by the International
Telecommunication Union (ITU).
[0141] EM communications may include transmitting
communication by one or more of the following: imposing
a modulated current on an elongate member and using
the earth as return; transmitting current in one tubular
and providing a return path in a second tubular; use of a
second well as part of a current path; near-field or far-
field transmission; creating a current loop within a portion
of the well metalwork in order to create a potential differ-
ence between the metalwork and earth; use of spaced
contacts to create an electric dipole transmitter; use of a
toroidal transformer to impose current in the well metal-
work; use of an insulating sub; a coil antenna to create
a modulated time varying magnetic field for local or
through formation transmission; transmission within the
well casing; use of the elongate member and earth as a
coaxial transmission line; use of a tubular as a wave
guide; transmission outwith the well casing.
[0142] Especially useful is imposing a modulated cur-
rent on an elongate member and using the earth as re-
turn; creating a current loop within a portion of the well
metalwork in order to create a potential difference be-
tween the metalwork and earth; use of spaced contacts
to create an electric dipole transmitter; and use of a toroi-
dal transformer to impose current in the well metalwork.
[0143] To control and direct current advantageously,
a number of different techniques may be used. For ex-
ample one or more of: use of an insulating coating or
spacers on well tubulars; selection of well control fluids
or cements within or outwith tubulars to electrically con-
duct with or insulate tubulars; use of a toroid of high mag-
netic permeability to create inductance and hence an im-
pedance; use of an insulated wire, cable or insulated
elongate conductor for part of the transmission path or
antenna; use of a tubular as a circular waveguide, using
SHF (3GHz to 30 GHz) and UHF (300MHz to 3GHz) fre-
quency bands.
[0144] Suitable means for receiving the transmitted
signal are also provided, these may include detection of
a current flow; detection of a potential difference; use of
a dipole antenna; use of a coil antenna; use of a toroidal
transformer; use of a Hall effect or similar magnetic field
detector; use of sections of the well metalwork as part of
a dipole antenna.
[0145] Where the phrase "elongate member" is used,
for the purposes of EM transmission, this could also mean
any elongate electrical conductor including: liner; casing;
tubing or tubular; coil tubing; sucker rod; wireline; drill
pipe; slickline or coiled rod.
[0146] A means to communicate signals within a well
with electrically conductive casing is disclosed in US
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5,394,141 by Soulier and US 5,576,703 by MacLeod et
al. A transmitter comprising oscillator and power amplifier
is connected to spaced contacts at a first location inside
the finite resistivity casing to form an electric dipole due
to the potential difference created by the current flowing
between the contacts as a primary load for the power
amplifier. This potential difference creates an electric
field external to the dipole which can be detected by either
a second pair of spaced contacts and amplifier at a sec-
ond location due to resulting current flow in the casing or
alternatively at the surface between a wellhead and an
earth reference electrode.

Relay

[0147] A relay comprises a transceiver (or receiver)
which can receive a signal, and an amplifier which am-
plifies the signal for the transceiver (or a transmitter) to
transmit it onwards.
[0148] There may be at least one relay. The at least
one relay (and the transceivers or transmitters associat-
ed with the apparatus or at the surface) may be operable
to transmit a signal for at least 200m through the well.
One or more relays may be configured to transmit for
over 300m, or over 400m.
[0149] For acoustic communication there may be more
than five, or more than ten relays, depending on the depth
of the well and the position of the apparatus.
[0150] Generally, less relays are required for EM com-
munications. For example, there may be only a single
relay. Optionally therefore, an EM relay (and the trans-
ceivers or transmitters associated with the apparatus or
at the surface) may be configured to transmit for over
500m, or over 1000m.
[0151] The transmission may be more inhibited in
some areas of the well, for example when transmitting
across a packer. In this case, the relayed signal may
travel a shorter distance.
[0152] However, where a plurality of acoustic relays
are provided, preferably at least three are operable to
transmit a signal for at least 200m through the well.
[0153] For inductively coupled tubulars, a relay may
also be provided, for example every 300 - 500m in the
well.
[0154] The relays may keep at least a proportion of the
data for later retrieval in a suitable memory means.
[0155] Taking these factors into account, and also the
nature of the well, the relays can therefore be spaced
apart accordingly in the well.
[0156] The control signals may cause, in effect, imme-
diate activation, or may be configured to activate the ap-
paratus after a time delay, and/or if other conditions are
present such as a particular pressure change.

Electronics

[0157] The apparatus may comprise at least one bat-
tery optionally a rechargeable battery. The battery may

be at least one of a high temperature battery, a lithium
battery, a lithium oxyhalide battery, a lithium thionyl chlo-
ride battery, a lithium sulphuryl chloride battery, a lithium
carbon-monofluoride battery, a lithium manganese diox-
ide battery, a lithium ion battery, a lithium alloy battery,
a sodium battery, and a sodium alloy battery. High tem-
perature batteries are those operable above 85°C and
sometimes above 100 °C. The battery system may in-
clude a first battery and further reserve batteries which
are enabled after an extended time in the well. Reserve
batteries may comprise a battery where the electrolyte
is retained in a reservoir and is combined with the anode
and/or cathode when a voltage or usage threshold on
the active battery is reached.
[0158] The control mechanism is normally an electron-
ic control mechanism. The communication device is nor-
mally an electronic communication device.
[0159] The battery and optionally elements of the con-
trol electronics may be replaceable without removing tu-
bulars. They may be replaced by, for example, using wire-
line or coiled tubing. The battery may be situated in a
side pocket.
[0160] The apparatus, especially the control mecha-
nism, preferably comprises a microprocessor. Electron-
ics in the apparatus, to power various components such
as the microprocessor, control and communication sys-
tems, and optionally the valve, are preferably low power
electronics. Low power electronics can incorporate fea-
tures such as low voltage microcontrollers, and the use
of ’sleep’ modes where the majority of the electronic sys-
tems are powered off and a low frequency oscillator, such
as a 10 - 100kHz, for example 32kHz, oscillator used to
maintain system timing and ’wake-up’ functions. Syn-
chronised short range wireless (for example EM in the
VLF range) communication techniques can be used be-
tween different components of the system to minimize
the time that individual components need to be kept
’awake’, and hence maximise ’sleep’ time and power sav-
ing.
[0161] The low power electronics facilitates long term
use of various components of the apparatus. The control
mechanism may be configured to be controllable by the
control signal up to more than 24 hours after being run
into the well, optionally more than 7 days, more than 1
month, or more than 1 year or up to 5 years. It can be
configured to remain dormant before and/or after being
activated.

Sensors

[0162] The apparatus and/or the well (above and/or
especially below the annular sealing device) may com-
prise at least one pressure sensor. The pressure sensor
may be below the annular sealing device and may or may
not form part of the apparatus. It can be coupled (phys-
ically or wirelessly) to a wireless transmitter and data can
be transmitted from the wireless transmitter to above the
annular sealing device or otherwise towards the surface.
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Data can be transmitted in at least one of the following
forms: electromagnetic, acoustic, inductively coupled tu-
bulars especially acoustic and/or electromagnetic as de-
scribed herein above.
[0163] Such short range wireless coupling may be fa-
cilitated by EM communication in the VLF range.
[0164] Optionally the apparatus comprises a volume
or level indicator such as an empty/full indicator or a pro-
portional indicator arranged to determine the volume or
level of fluid in the container.
[0165] A means to recover the data from the volume
indicator is also normally included. The apparatus may
comprise a pressure gauge, arranged to measure inter-
nal pressure in the container. The communication device
may be configured to send signals from the pressure
gauge wirelessly.
[0166] More generally, the apparatus and/or the well
(above and/or especially below the annular sealing de-
vice) may comprise the pressure sensor.
[0167] Preferably at least temperature and pressure
sensors are provided. A variety of sensors may be pro-
vided, including acceleration, vibration, torque, move-
ment, motion, radiation, noise, magnetism, corrosion;
chemical or radioactive tracer detection; fluid identifica-
tion such as hydrate, wax and sand production; and fluid
properties such as (but not limited to) flow, density, water
cut, for example by capacitance and conductivity, pH and
viscosity. Furthermore the sensors may be adapted to
induce the signal or parameter detected by the incorpo-
ration of suitable transmitters and mechanisms. The sen-
sors may also sense the status of other parts of the ap-
paratus or other equipment within the well, for example
valve member position or motor rotation.
[0168] Following operation of the device, data from the
pressure sensor, and optionally other sensors, may be
used, at least in part, to determine whether to conduct or
how to better optimise at least one of a hydraulic fractur-
ing operation, a well test, and a well/reservoir treatment,
such as an acid treatment, on the well.
[0169] The data may show that the initial clean up flow
from the well, after perforation but before normal produc-
tion starts, may be shortened, or may not be necessary.
This can be useful to obviate an unnecessary step.
[0170] An array of discrete temperature sensors or a
distributed temperature sensor can be provided (for ex-
ample run in) with the apparatus. Optionally therefore it
may be below the annular sealing device. These temper-
ature sensors may be contained in a small diameter (e.g.
¨", approx. 0.6 cm) tubing line and may be connected
to a transmitter or transceiver. If required any number of
lines containing further arrays of temperature sensors
can be provided. This array of temperature sensors and
the combined system may be configured to be spaced
out so the array of temperature sensors contained within
the tubing line may be aligned across the formation, for
example the communication paths; either for example
generally parallel to the well, or in a helix shape.
[0171] The array of discrete temperature sensors may

be part of the apparatus or separate from it.
[0172] The temperature sensors may be electronic
sensors or may be a fibre optic cable.
[0173] Therefore in this situation the additional tem-
perature sensor array could provide data from the com-
munication path interval(s) and indicate if, for example,
communication paths are blocked/restricted. The array
of temperature sensors in the tubing line can also provide
a clear indication of fluid flow, particularly when the ap-
paratus is activated. Thus for example, more information
can be gained on the response of the communication
paths - an upper area of communication paths may have
been opened and another area remain blocked and this
can be deduced by the local temperature along the array
of the temperature sensors.
[0174] Moreover, for certain embodiments, multiple
longitudinally spaced containers are activated sequen-
tially, and the array of temperature sensors used to as-
sess the resulting flow from communication paths.
[0175] Data may be recovered from the pressure sen-
sor(s), before, during and/or after the valve member is
moved in response to the control signal. Recovering data
means retrieving the data to the surface.
[0176] Data may be recovered from the pressure sen-
sor(s), before, during and/or after a perforating gun has
been activated in the well.
[0177] The data recovered may be real-time/current
data and/or historical data.
[0178] Data may be recovered by a variety of methods.
For example it may be transmitted wirelessly in real time
or at a later time, optionally in response to an instruction
to transmit. Or the data may retrieved by a probe run into
the well on wireline/coiled tubing or a tractor; the probe
can optionally couple with the memory device physically
or wirelessly.

Memory

[0179] The apparatus especially the sensors, may
comprise a memory device which can store data for re-
covery at a later time. The memory device may also, in
certain circumstances, be retrieved and data recovered
after retrieval.
[0180] The memory device may be configured to store
information for at least one minute, optionally at least one
hour, more optionally at least one week, preferably at
least one month, more preferably at least one year or
more than five years.
[0181] The memory device may be part of sensor(s).
Where separate, the memory device and sensors may
be connected together by any suitable means, optionally
wirelessly or physically coupled together by a wire. In-
ductive coupling is also an option. Short range wireless
coupling may be facilitated by EM communication in the
VLF range.
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Other apparatus options

[0182] In addition to the wireless signal, the apparatus
may include pre-programmed sequences of actions, e.g.
a valve opening and re-closing, or a change in valve
member position; based on parameters e.g. time, pres-
sure detected or not detected or detection of particular
fluid or gas. For example, under certain conditions, the
apparatus will perform certain steps sequentially - each
subsequent step following automatically. This can be
beneficial where a delay to wait for a signal to follow on
could mitigate the usefulness of the operation.
[0183] The apparatus may have a mechanism to ori-
entate it rotationally.
[0184] Normally the port is provided on a side face of
the apparatus although certain embodiments can have
the port provided in an end face.

Barrier test

[0185] The apparatus may be provided below a barrier
(such as certain annular sealing devices described here-
in) and above a lower barrier, and the well manipulated
such that a pressure test carried out between the barriers
by drawing fluid into the container, thus removing fluid
from the well. The decreased pressure caused by fluid
being removed from between the barriers, stresses the
barriers and so can be used to test the lower barrier.
[0186] Thus, for some methods, there need not be
communication between the formation and the well. For
example a pressure test may be conducted in a closed
area in the well, for example between barriers or annular
sealing devices, i.e. there being no communication paths
in the well between the barriers or two annular sealing
devices and the adjacent formation.
[0187] For example, a lower barrier bridge or cement
plug is typically installed in a well to act as a primary
barrier to the reservoir and is exposed, on its lower side,
to reservoir pressure. Then a short distance above is a
secondary barrier, often another bridge plug or cement
plug.
[0188] Such a primary barrier can be tested from there-
above in accordance with the procedures set out herein.
[0189] The apparatus may hang off the secondary bar-
rier.
[0190] The secondary barrier can be set after the ap-
paratus is deployed into the well and charged.
[0191] One or more secondary containers, described
herein above, may be provided having an overbalance
of pressure. This may be used to test the secondary bar-
rier from below, or to replace, at least in part, the volume
of fluid removed from the section between the two barri-
ers after a test which removed fluid has been completed.
[0192] A discrete temperature array may be deployed
in the section between the barriers, or in a ring or helix
above or below the barriers to assist in identifying the
location of any leak detected.
[0193] In certain embodiments, the apparatus can be

used to disrupt, inhibit and/or reverse the settling out and
partial solidification of well fluids in parts of the well, es-
pecially the annulus.

Annular Sealing Device

[0194] The annular sealing device may be at least
300m from the surface of the well. The surface of the well
is the top of the uppermost casing of the well.
[0195] The annular sealing device is a device which
seals between two tubulars (or a tubular and the well-
bore), such as a packer element or a polished bore and
seal assembly.
[0196] The packer element may be part of a packer,
bridge plug, or liner hanger, especially a packer or bridge
plug.
[0197] A packer includes a packer element along with
a packer upper tubular and a packer lower tubular along
with a body on which the packer element is mounted.
[0198] The packer can be permanent or temporary.
Temporary packers are normally retrievable and are run
with a string and so removed with the string. Permanent
packers on the other hand, are normally designed to be
left in the well (though they could be removed at a later
time).
[0199] The annular sealing device may be wirelessly
controlled.
[0200] A sealing portion of the annular sealing device
may be elastomeric, non-elastomeric and/or metallic.

Connector

[0201] The connector is a mechanical connection (as
opposed to a wireless connection) and may comprise, at
least in part, a tubular connection for example some
lengths of tubing or drill pipe. It may include one or more
of perforation guns, gauge carriers, cross-overs, subs
and valves. The connector may comprise or consist of a
threaded connection. The connector does not consist of
only wireline, and normally does not include it.
[0202] Normally the connector comprises a means to
connect to the annular sealing device, such as a thread
or dogs.
[0203] The connector may be within the same casing
that the annular sealing device is connected to.
[0204] The connector may comprise a plug, for exam-
ple, in the tubing (which is separate from the annular
sealing device, which may also comprise a plug).

Deployment

[0205] The apparatus may be deployed with the annu-
lar sealing device or after the annular sealing device is
provided in the well following an earlier operation. In the
former case, it may then be provided on the same string
as the annular sealing device and deployed into the well
therewith. In the latter case, it may be retro-fitted into the
well and moved past the annular sealing device. In this
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latter example, it is normally connected to a plug or hang-
er, and the plug or hanger in turn connected directly or
indirectly, for example by tubulars, to the annular sealing
device. The plug may be a bridge plug, wireline lock tu-
bular/drill-pipe set barrier, shut-in tool or retainer such as
a cement retainer. The plug may be a temporary or per-
manent plug.
[0206] Also, the apparatus may be provided in the well
and then an annular sealing device deployed and set
thereabove and then the method described herein per-
formed after the annular sealing device is run in.
[0207] The container may be sealed at the surface,
and then deployed into the well. ’At surface’ in this context
is typically outside of the well although it could be sealed
whilst in a shallow position in the well, such as up to 30
metres from the surface of the well, that is the top of the
uppermost casing of the well. Thus the apparatus moves
from the surface and is positioned below the annular seal-
ing device with the container sealed before moving the
valve member. Depending on the deployment method it
may be run in with the annular sealing device already
thereabove or move past the previously installed annular
sealing device.
[0208] In the first aspect of the invention, the entire
apparatus is below the annular sealing device, as op-
posed to a portion of the apparatus.
[0209] The port of the apparatus may be provided with-
in 100m of a communication path between the well and
the reservoir, optionally 50m or 30m. If there is more than
one communication path, then the closest communica-
tion path is used to determine the spacing from the port
of the apparatus. Optionally therefore, the port in the con-
tainer may be spaced below communication paths in the
well. This can assist in drawing debris away from the
communication path(s) to help clear them.
[0210] Such embodiments can complement one
known procedure for starting a well, when a valve is
opened at the time the guns fire, and the well (rather than
the container) is in an underbalanced condition. The
surge of fluids from the well can then clear some com-
munication paths as the well starts to flow. However, this
tends to clear the upper communication paths more than
lower communication paths. Accordingly performing a
method as described herein can assist in clearing the
lower communication paths, especially when the appa-
ratus is positioned below the communication paths.
Moreover, embodiments described herein can assess
the effectiveness of the perforating operation, and then
can be activated in response to this, for example to clear
communication paths which are relatively blocked.
[0211] In certain embodiments, the apparatus may be
run on a tubular string, such as a test, completion, sus-
pension, abandonment, drill, tubing, casing or liner string.
Alternatively, the apparatus may also be conveyed into
the well on wireline or coiled tubing (or a tractor). The
apparatus may be an integral part of the string.
[0212] The apparatus is typically connected to a tubu-
lar before it is operated. Therefore whilst it may be run

in by a variety of means, such as wireline or tubing, it is
typically connected to a tubular such as production tubing
or casing when in the well, before it is operated. This
provides flexibility for various operations on the well.
[0213] The connection may be by any suitable means,
such as by being threaded, gripped, latched etc onto the
tubular. Thus normally the connection between the tubu-
lar takes some of the weight of the apparatus, albeit this
would not necessarily happen in horizontal wells.
[0214] The apparatus may be provided towards or at
the lowermost end of a lowermost casing or liner. The
container may be defined, at least in part, by the casing
or liner. Therefore the lowermost part of the container
may be within 100m of the bottom of the well and indeed
may be the bottom of the casing.
[0215] The string may be deployed as part of any suit-
able well operation, including drilling, well testing, shoot
and pull, completion, work-over, suspension and/or
abandonment operation.
[0216] The string may include perforating guns, partic-
ularly tubing conveyed perforating guns. The guns may
be wirelessly activatable such as from said wireless sig-
nals.
[0217] A plurality of apparatus described herein may
be run on the same string. For example spaced apart
and positioned within one section or isolated sections.
Thus, the apparatus may be run in a well with multiple
isolated sections adjacent different zones. In such a sce-
nario, there may not be straightforward access below
guns to the lower section(s). Thus when run with such a
string, embodiments of the invention provide means to
manipulate such a section. For example, when the port
of the apparatus is isolated from the surface of the well,
flow may continue from a separate zone of the well, which
is not in pressure communication with the port, and not
isolated from the surface of the well.
[0218] The apparatus may be dropped off an associ-
ated carrying string after the valve member has been
opened or for any other reason (for example it is not re-
quired and is not possible or useful to return it to surface).
Thus it is not always necessary to return it to the surface.
[0219] A variety of arrangements of the apparatus in
the well may be adopted. The apparatus may be posi-
tioned substantially in the centre of the well. Alternatively,
the apparatus may be configured as an annular tool to
allow well flow through the inner tubular, therefore, the
container is formed in an annular space between two
tubes and the well can flow through the inner tube.
[0220] In other embodiments, the apparatus can be
offset within the well, for example attached/clamped onto
the outside of a pipe, or mounted offset within a pipe.
Thus it can be configured so apparatus or other objects
(or fluid flow) can move through the bore of the pipe with-
out being impeded. For example it may have a diameter
of 1 ª inches (approx. 4 cm) offset inside a 4" (approx.
10 cm) inner diameter outer pipe. In this way, one or more
wireline apparatus can still run past it, as can fluid flow.
[0221] For certain embodiments, the apparatus may
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be deployed in a central bore of a pre-existing tubular in
the well, rather than into a pre-existing annulus in the
well. An annulus may be defined between the apparatus
and the pre-existing tubular in the well.
[0222] The method may be used to clear or extend
communication paths.
[0223] The apparatus may be run into the well as a
permanent apparatus designed to be left in the well, or
run into the well as a retrievable apparatus which is de-
signed to be removed from the well.
[0224] Optionally the port of the apparatus may be iso-
lated from a surface of the well.
[0225] The entire apparatus, and not just the port of
the apparatus, may be isolated from the surface of the
well.
[0226] Isolating the port of the apparatus from the sur-
face of the well means preventing pressure or fluid com-
munication between the port and the surface of the well.
[0227] Isolation can be achieved using the well infra-
structure and isolating components. Isolating compo-
nents comprise packers, plugs such as bridge plugs,
valves, and/or the apparatus. Thus the annular sealing
device is normally an isolating component and along with
other isolating components and well infrastructure, can
isolate the port of the apparatus from the surface of the
well. In certain embodiments therefore, more than one
isolating component can isolate the port of the apparatus
from the surface of the well. For example, a packer may
be provided in an annulus and a valve provided in a cen-
tral tubing and together they isolate the port of the appa-
ratus from the surface of the well. In such cases the up-
permost extent of the well section that contains the port
of the apparatus is defined by the uppermost isolating
component.
[0228] In contrast, well infrastructure comprises ce-
ment in an annulus, casing and/or other tubulars.
[0229] Isolating the port of the apparatus from the sur-
face of the well involves isolating the section of the well
containing the port downhole, such that the uppermost
isolating component in that isolated well section is at least
100m from the surface of the well, optionally at least
250m, or at least 500m.
[0230] The port of the apparatus is typically at least
100m from the uppermost isolating component in the
same section of the well. In certain embodiments, the
port of the apparatus is at most 500m from the uppermost
isolating component in the same section of the well, op-
tionally at most 200m therefrom.
[0231] The well or a section thereof may be shut in
downhole before the apparatus has been operated.
[0232] The step of isolating the port of the apparatus
from the surface of the well may include shutting in at
least a section of the well. For example the well can be
shut in above the port of the apparatus, which isolates
the port of the apparatus from the surface of the well.
[0233] For other embodiments at least a section of the
well can be shut in separate to this isolating step, for
example, below the apparatus, or the well may have been

shut in at an earlier date.
[0234] Isolating the port of the apparatus from the sur-
face of the well, and optionally shutting in the well, can
reduce the volume exposed to the apparatus which then
focuses the effect of the underbalanced container to the
intended area.

Well conditions

[0235] Outside the container is generally the surround-
ing portion of the well. The surrounding portion of the
well, is the portion of the well surrounding the apparatus,
especially outside the port, immediately before the valve
member is moved in response to the control signal.
[0236] When the valve member is in the position to
allow for fluid entry into said portion of the container for
a sufficient period of time (which may be less than a sec-
ond), the pressure between a portion of the inside of the
container and an outside of the container such as the
surrounding portion of the well (especially the portion of
the well at the port) may equalise, in the absence of other
forces. Nevertheless, for certain embodiments, the valve
member may be moved into the first or a further, closed
position before the pressure has equalised.
[0237] Outside the container may also be the forma-
tion, for example, via a communication path. Thus for
certain embodiments, such as a short interval procedure,
the effect of the reduced pressure in the container pri-
marily effects the formation rather than the well.
[0238] The well may contain well fluids especially in
the surrounding portion of the well. The well may addi-
tionally or alternatively contain a kill fluid especially in the
surrounding portion of the well. For example, where the
well has been temporarily or permanently abandoned, it
can have an overbalance of well/control fluid in order to
contain the well. This can result in pores in the formation
being blocked or partially blocked by the kill fluid. Also,
there may instead or additionally be remnants of the filter
cake, which could also inhibit fluid flow from the reservoir,
or for example, pressure pulses during a connectivity
test.
[0239] Thus when abandoning a well the apparatus
may be mounted in the well, for example by a bridge plug,
and the wireless signals used to monitor the well. This
may be useful for connectivity tests such as interference
tests. The apparatus may be used to clear communica-
tions path(s) to the adjacent formation (or it may be done
in an openhole section) to potentially improve the con-
nectivity with the adjacent formation (for example, by
clearing pores in the formation) and therefore potentially
improving the data received from such tests. This may
be performed on test wells or other wells, and not nec-
essarily those which were put into long term production.
[0240] Optionally therefore a barrier, such as a bridge
plug or cement barrier, is provided in the well to tempo-
rarily or permanently abandon the well, and the appara-
tus is provided therebelow and can be used to, for ex-
ample, clear perforations to facilitate connectivity tests
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and communicate wirelessly, especially with EM or
acoustic signals, to retrieve data.
[0241] In alternative embodiments, the barrier can
comprise the annular sealing device along with for ex-
ample a valve.

Gas Well

[0242] In certain scenarios in a gas well, certain lower
communication paths may be restricted from flowing by
a liquid sitting across the well, whilst gas is produced
from above this liquid. The pressure below the liquid is
not sufficient to overcome the hydrostatic head of the
liquid and gas thereabove. Accordingly gas flow from said
lower communication paths may be stopped. Embodi-
ments of the present invention may be used to draw in
fluid including some of this liquid from the well into the
container to reduce the hydrostatic head in such a sce-
narios, and encourage recovery of gas from the lower
communication paths.
[0243] Manipulating may include altering pressure, as-
sisting well to flow and capturing fluids. The method to
manipulate a well can be a method to at least partially
clear the well optionally in preparation for a test.
[0244] Thus according to a further aspect of the
present invention there is provided a method to conduct
a procedure or test on a well, comprising:

conducting the method to manipulate the well, as
described herein;
conducting a procedure/test on the well, the proce-
dure/test includes one or more of image capture, a
build-up test, drawdown test, connectivity test such
as a pulse test or interference test, flow test, pressure
test, drill stem test (DST), extended well test (EWT),
well/reservoir treatment such as an acid treatment,
interval injectivity test, permeability test, hydraulic
fracturing, minifrac procedure, injection procedure,
gravel pack operation, perforation operation, string
deployment, workover, suspension and abandon-
ment.

[0245] The test is normally conducted on the well be-
fore removing the apparatus from the well, if it is removed
from the well.
[0246] Embodiments of said further aspect may im-
prove the pressure or fluid communication across the
face of the formation, and hence improve the perform-
ance of the tests.
[0247] The apparatus may be provided below a barrier
and a negative pressure test carried out from therebelow,
when fluid is drawn in. Thus such embodiments can more
effectively test well barriers from the side of the plug
where it is more difficult to conduct such a test.
[0248] Below said (first) barrier, there may be a second
barrier. For example the first barrier may be a cement
barrier i.e. comprise or consist of cement, and the second
barrier may comprise a bridge plug, and a negative pres-

sure test may be performed on both barriers.
[0249] The method to conduct a test/procedure on the
well may also include perforating the well. However, the
method of the present invention is normally independent
from operation of the perforating devices such as guns.
The well may be openhole and/or pre-perforated.
[0250] The apparatus may be used to clear the sur-
rounding area before images are captured.
[0251] The method of the invention can improve the
reliability and/or quality of data received from subsequent
testing.
[0252] The procedure may be a drill stem test (DST).
Thus a DST string and the annular sealing device are
deployed as part of the DST. After the final DST flow
period or build up has been conducted, a valve controlling
flow into the DST test string is closed. The valve is nor-
mally below the annular sealing device though for certain
embodiments it may be thereabove. The valve may be
controlled by said wireless signals. The portion of the
DST string above the valve (often above the annular seal-
ing device) can then, optionally, be removed. The well
below the annular sealing device can then be monitored
as described herein. Notably the underbalanced contain-
er may be activated when required, such as at a much
later date. Moreover, communication paths below the an-
nular sealing device between the well and the reservoir
need not have been contaminated by kill fluid, and so
better connectivity with the reservoir can be maintained,
providing more useful data when conducting tests such
connectivity tests. If the well is abandoned by cementing
above the annular sealing device (and normally adding
a further barrier) the wireless signals may still be used
to monitor the well below the annular sealing device. Data
recovery before during or after the apparatus being ac-
tivated is normally achieved through wireless signals.
[0253] In some embodiments, kill fluid may be present
inside tubing in the well above the annular sealing device
before the apparatus is activated.

Miscellaneous

[0254] The well may be a subsea well. Wireless com-
munications can be particularly useful in subsea wells
because running cables in subsea wells is more difficult
compared to land wells. The well may be a deviated or
horizontal well, and embodiments of the present inven-
tion can be particularly suitable for such wells since they
can avoid running wireline, cables or coiled tubing which
may be difficult or not possible for such wells.
[0255] References herein to perforating guns includes
perforating punches or drills, all of which are used to cre-
ate a flowpath from the reservoir to the well.
[0256] The volume of the container is its fluid capacity.
[0257] Transceivers, which have transmitting function-
ality and receiving functionality; may be used in place of
the transmitters and receivers described herein.
[0258] Unless indicated otherwise, any references
herein to "blocked" or "unblocked" includes partially
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blocked and partially unblocked.
[0259] All pressures herein are absolute pressures un-
less stated otherwise.
[0260] The well is often an at least partially vertical well.
Nevertheless, it can be a deviated or horizontal well. Ref-
erences such as "above" and below" when applied to de-
viated or horizontal wells should be construed as their
equivalent in wells with some vertical orientation. For
example, "above" is closer to the surface of the well
through the well.
[0261] A zone is defined herein as a formation adjacent
to or below the lowermost barrier or annular sealing de-
vice, or a portion of the formation adjacent to the well
which is isolated in part between barriers or annular seal-
ing devices and which has, or will have, at least one com-
munication path (for example perforation) between the
well and the surrounding formation, between the barriers
or annular sealing devices. Thus each additional barrier
or annular sealing device set in the well defines a sepa-
rate zone, except areas between two barriers or annular
sealing devices (for example a double barrier) where
there is no communication path to the surrounding for-
mation and none are intended to be formed.
[0262] "Kill fluid" is any fluid, sometimes referred to as
"kill weight fluid", which is used to provide hydrostatic
head typically sufficient to overcome reservoir pressure.
[0263] References herein to cement include cement
substitute. A solidifying cement substitute may include
epoxies and resins, or a non-solidifying cement substitute
such as Sandaband™.
[0264] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying figures in which:

Fig. 1 is a schematic view of a first apparatus which
may be used in the method of the present invention;
Fig. 2 is a schematic view of a second apparatus
including a floating piston and a choke insert which
may be used in a method in accordance with the
present invention;
Fig. 3 is a schematic view of a well illustrating a meth-
od in accordance with an embodiment of the present
invention;
Fig. 4 is a schematic view of a well with multiple
zones, illustrating another aspect of the present in-
vention;
Fig. 5 is a schematic view illustrating an apparatus
used in an interval test in accordance with one aspect
of the present invention;
Fig. 6 is a cut-away schematic view of a further em-
bodiment of an apparatus which may be used in the
method illustrated in Figs. 3 and 4; and,
Fig. 7 is a front view of an embodiment of a valve
assembly for use with the various apparatus whilst
conducing the method in accordance with the
present invention.

[0265] Fig. 1 shows the apparatus 60 in accordance

with the present invention in the form of a modified pipe
formed from three (or more) lengths of drill pipe and com-
prising a side opening 61, a valve 62, a control mecha-
nism comprising a valve controller 66 and a wireless re-
ceiver (or transceiver) 64, a battery 63 and a container
68 with a volume capacity of, for example, 1000 litres.
There is an underbalance (for example 1000 psi, approx.
6900 kPa) of pressure between the container 68 and a
surrounding portion of a well. (The breadths of the appa-
ratus here and in other figures have been exaggerated
for ease of illustration.)
[0266] A battery 63 is provided in the apparatus 60
which serves to power components of the apparatus 60
for example the valve controller 66 and the transceiver
64. Often a separate battery is provided for each powered
component.
[0267] The apparatus 60 also comprises a valve 62.
The valve 62 is configured to isolate the opening 61 to
seal the container 68 from the surrounding portion of the
well in a closed position and allow pressure and fluid
communication between a portion of the container 68
and the surrounding portion of the well via the side open-
ing 61 in an open position.
[0268] The valve 62 is controlled by the valve controller
66. The transceiver 64 is coupled to the valve controller
66 which is configured to receive a wireless control signal.
In use, the valve 62 is moved from the closed position to
the open position in response to the control signal.
[0269] The components of the control mechanism (the
transceiver 64 and the valve controller 66 which controls
the valve 62) are normally provided adjacent each other,
or close together as shown; but may be spaced apart.
[0270] In some embodiments, the container 68 is filled
with a gas, such as air, initially at atmospheric pressure.
In such embodiments, the gas is sealed in the container
at the surface before being run into the well to create an
underbalance of pressure between the container and the
surrounding portion of the well (which is at a higher pres-
sure than atmospheric pressure on the surface).
[0271] Fig. 2 shows an embodiment of the apparatus
160. Like parts with the Fig. 1 embodiment are not de-
scribed in detail but are prefixed with a ’1’. Whilst not
illustrated, the apparatus 160 may also be formed from
adjoined drill pipe as illustrated in Figure 1. However, in
contrast to the embodiment shown in Fig. 1, Fig. 2 shows
an embodiment of an apparatus 160 wherein a control
valve 162 and a choke 176 are located in a central portion
of the apparatus in a port 163 between two sections of
the container 168 - a fluid chamber 167 and a dump
chamber 169.
[0272] The floating piston 174 is located in the contain-
er 168 above the control valve 162. The fluid chamber
167 is initially filled with oil below the piston 175 through
a fill port (not shown).
[0273] In the present embodiment the floating piston
174 functions as the valve assembly having a valve mem-
ber to allow or resist fluid entry into the fluid chamber 167
of the container 168. When the floating piston 174 is lo-

31 32 



EP 3 464 820 B1

18

5

10

15

20

25

30

35

40

45

50

55

cated at the top of the fluid chamber 167 it isolates/closes
the fluid chamber 167 from the surrounding portion of the
well, and when the floating piston 174 is located at the
bottom of the fluid chamber 167 the opening 161 allows
fluid to enter the fluid chamber 167 via flow port 165 from
outside of the container, normally the surrounding portion
of the well. The location of the floating piston 174 is con-
trolled indirectly by the flow of fluid through the control
valve 162, which is in turn controlled via signals sent to
a valve controller 166.
[0274] In use, the sequence begins with the control
valve 162 in the closed position and the floating piston
174 located towards the top of the fluid chamber 167.
Due to an underbalance of pressure (for example 1000
psi, approx. 6900 kPa) in the dump chamber 169 of the
container 168, the fluid in the well attempts to enter the
fluid chamber 167 via the opening 161 but is resisted by
the floating piston 174 and oil therein whilst the control
valve 162 is in the closed position. A signal is then sent
to the valve controller 166 instructing the control valve
162 to open. Once the control valve 162 opens, oil from
the fluid chamber 167 is directed into the dump chamber
169 by the well pressure acting on the floating piston 174,
and fluids from the surrounding portion of the well are
drawn into the fluid chamber 167. The rate at which the
oil in the fluid chamber 167 is expelled into the dump
chamber 169, and consequentially the rate at which the
fluids from the well can be drawn into the container 168,
is controlled by the cross-sectional area of the choke 176.
In alternative embodiments, the choke 176 and control
valve 162 positions can be in the opposite order to that
illustrated, or may be combined. Indeed the control valve
162 can be at the port 161, albeit it is preferred to have
the choke 176 between the fluid chamber 167 and dump
chamber 169. In this way, the choke 176 and oil regulates
the flow of fluid into the fluid chamber 167 irrespective of
the properties, such as the density or viscosity, of the
well fluids.
[0275] This embodiment is particularly suited for flow
tests or short interval tests (see Fig. 5) where flow in a
controlled manner is desirable.
[0276] Fig. 3 and Fig. 4 shows the apparatus 60 of Fig.
1 positioned in a well and activated to draw in fluid in
order, for example, to attempt to clear debris from a local
area.
[0277] Fig. 3 shows a well 14 with well apparatus 10
including an annular sealing device having a packer el-
ement 22 provided between the well and upper 18 and
lower 16 tubulars. The tubulars 16, 18 have a longitudinal
bore and extend below and above the packer element
22, which is one type of annular sealing device. The tub-
ing 16 and perforating gun 50 serve as a connector to
connect the apparatus 60 to the annular sealing device.
[0278] The well apparatus 10 also includes an appa-
ratus 60 below the packer element 22. The apparatus 60
and other like parts have been previously described in
Fig. 1.
[0279] The well apparatus 10 can be used during a drill

stem test (DST). The apparatus 60 is activated prior to
the DST and after perforating guns 50 have created per-
forations 52 in the lower tubular 16. Once the perforations
52 have been created, there is often debris in the well 14
which could inhibit the flow of fluids and potentially block,
or partially block, the communication paths, such as per-
forations, between the well 14 and the reservoir 51. The
container 68 is underbalanced, therefore opening the
valve 62 causes a surge of fluid into the container 68. It
is an advantage of certain embodiments of the present
invention that the apparatus 60 is activated after creating
the perforations to help clear the well of debris, thus help-
ing to mitigate the problem of a blocked, or partially
blocked, communication path, which could inhibit flow
and so compromise the accuracy of data from the DST.
[0280] This embodiment of the invention will now be
described in more detail.
[0281] The illustrated well 14 is a substantially vertical
well comprising liner string 12a and a casing string 12b.
Inside each of the liner/casing strings 12a, 12b there is
an annulus 90A & 90B respectively. The well 14 includes
a liner hanger 29. The liner hanger 29 is part of a liner
hanger assembly from which the liner string 12a can be
hung.
[0282] The liner string 12a contains perforations 52 in
the lower part of the well 14 which allows well fluids to
flow into the well. The packer element 22, along with a
packer upper tubular 26 and a packer lower tubular 24,
makes up a packer 20.
[0283] A perforating gun 50 is provided on the lower-
most part of the lower tubular 16 to create perforations
52 in the liner string 12a. The perforating gun 50 may be
wirelessly activated by wireless signals, independent of
activation of the apparatus 60.
[0284] The packer 20 is a temporary packer which is
run into the well 14 with the tubulars 16, 18 such that it
is provided between the liner string 12a and the tubulars
16, 18. In use, it is activated to expand and set against
the liner string 12a to create a longitudinal seal between
the tubulars 16, 18 and the A-annulus.
[0285] An instrument carrier 41 is provided on the lower
tubular 16. The instrument carrier 41 comprises a pres-
sure sensor 43 which is coupled physically and/or wire-
lessly to a wireless relay 45. The relay 45 comprises a
transceiver which can transmit data from below the pack-
er element 22 and send it onwards, such as towards the
surface of the well, optionally via relays 44, 48 on further
instrument carriers 40, 46 provided on the upper tubular
18. These further instrument carriers 40, 46 also com-
prise pressure sensors 42, 49 which are coupled to the
wireless relays 44, 48. The relays 44, 48 comprise trans-
ceivers which can also receive control signals from the
surface and send it below the packer element 22 to the
transceiver 64 of the valve controller 66, optionally via
the wireless relay 45.
[0286] A discrete temperature array 53 is provided ad-
jacent to the perforations 52 and connected to a controller
55. In this embodiment the array has multiple discrete
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temperature sensors along the length of a small diameter
tube.
[0287] A tester valve 30 is provided in the upper tubular
18 above the packer element 22. The well apparatus 10
further comprises a flow sub 32 which provides a flowpath
between the well and the longitudinal bore of the tubulars
16 & 18, and also the tester valve 30.
[0288] The tester valve 30 is configured to allow or re-
sist the flow of fluids through the tubular 18. Together
with the packer 22, they form isolating components.
[0289] The apparatus 60 is located below the packer
20 and also below the perforating guns 50.
[0290] The transceiver 64 coupled to the valve control-
ler 66 is configured to receive a wireless control signal,
and also to transmit data from the apparatus 60 below
the packer element 22 to above the packer element 22.
[0291] During a DST, the tester valve 30 can be in-
structed to close to allow the build-up of pressure in the
reservoir and the well 14 beneath the packer element 22.
The build-up of pressure can be monitored for useful da-
ta. Upon re-opening the tester valve 30, the flow of well
fluids can also provide useful data. The data can be in-
dicative of information on reservoir properties, such as
the reservoir pressure, and recoverable reserves.
[0292] During production or for a DST, after the liner
string 12a has been perforated by the perforating guns
50, well fluids can flow into the well 14 via the perforations
52 and into the lower tubular 16 via the ports in the flow
sub 32. The fluids pass through the lower tubular 16 to-
wards the upper tubular 18 and then continue, via the
tester valve 30, towards the surface.
[0293] However, after the perforating guns 50 have
fired, there is often debris in or around the perforations
which could inhibit the flow of fluids to the surface. The
apparatus 60 can be used to create a pressure surge
into the container 68 to clear the debris before testing or
production.
[0294] In use, there is an underbalance of pressure
between the container 68 and the surrounding portion of
the well. After the valve 62 is opened to allow pressure
and fluid communication between the portion of the con-
tainer 68 and the surrounding portion of the well, there
is a surge of fluid into the container 68, due to this neg-
ative pressure. This rapid drawdown can help to clear
debris from the well in the vicinity of the apparatus 60,
such as debris from the perforations.
[0295] It may also be an advantage of certain embod-
iments of the present invention that the reliability and/or
quality of data received from the well after the debris is
cleared is improved, such as during a DST. Furthermore,
it may be an advantage of embodiments of the present
invention that the pressure connectivity in the well is im-
proved which can subsequently improve the flow rate
from the reservoir.
[0296] If the well 14 is suspended or abandoned or if
specific zone(s) are shut-in after the DST, it is an advan-
tage of certain embodiments to have an apparatus 60 in
the well 14, because it can be used to clean the perfora-

tions and/or pores of the formation to improve the quality
of the data received from monitoring the reservoir. This
is especially useful where there is an overbalance of "kill"
fluid in the well 14 as this can result in the pores of the
formation being blocked, or partially blocked, by sedi-
ment which has come out of the fluid. In certain circum-
stances an operator may kill the well, retrieve the string,
and run an observation string with the apparatus 60 and
the container 68 but not the guns. In such circumstances,
there may be remnants of sediment inhibiting the pres-
sure connectivity from the reservoir and the apparatus
60 can be activated to improve connectivity.
[0297] A corrosion sensor may be provided in the well,
especially where the well is to be monitored for an ex-
tended period of time.
[0298] Alternatively, rather than retrieve the string, the
apparatus 60 (and optionally other elements of the string)
may be left in the well and activated at a later date, for
example 6 months later.
[0299] For alternative embodiments, the apparatus 60
can be activated at any time not just prior to the DST.
[0300] Fig. 4 shows an alternative embodiment of the
present invention. Where the features are the same as
Fig. 3 they have been labelled with the same number
except preceded by a "1". These features will not be de-
scribed in detail again here.
[0301] Fig. 4 shows a well 114 comprising a liner hang-
er 129 and a liner string 112a and two sets of apparatus
60a and 60b, including the features of the apparatus 60
described in Fig. 1 and Fig. 3. The well 114 also com-
prises an upper annular sealing device comprising an
upper packer element 122a, a wirelessly controlled upper
sleeve valve 134a, an upper apparatus 60a as well as
the upper slotted liner 154a. The well 114 further com-
prises a lower annular sealing device comprising a lower
packer element 122b, a wirelessly controlled lower
sleeve valve 134b, a lower apparatus 60b and a lower
slotted liner 154b. The tubing 118 connects the apparatus
60a to the upper annular sealing device, and the tubular
116 connects the apparatus 60b to the lower annular
sealing device.
[0302] Thus this embodiment comprises a multi-zone
well 114 with well apparatus 110 which comprises two
packer elements 122a & 122b which splits the well into
two sections. The first, upper section comprises the up-
per packer element 122a, the upper sleeve valve 134a,
the upper apparatus 60a and the upper slotted liner 154a.
The second, lower, section comprises the lower packer
element 122b, the lower sleeve valve 134b, the lower
apparatus 60b and the lower slotted liner 154b.
[0303] The slotted liners 154a, 154b create communi-
cation paths between the inside of the liner 154 and the
adjacent formation.
[0304] The well 114 further comprises a packer such
as a swell packer 128 between an outer surface of the
liner string 112a and a surrounding portion of the forma-
tion.
[0305] The upper tubular 118 and lower tubular 116
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are continuous and connected via the upper packer ele-
ment 122a and the lower packer element 122b.
[0306] The first and second sections contain well ap-
paratus which is run into the well on the same string, that
is on the tubulars 116,118.
[0307] Instrument carriers 140, 141 and 146 are pro-
vided in each section and also above the packer element
122a. Each instrument carrier comprises a pressure sen-
sor 142, 143, and 148 respectively, and a wireless relay
144, 145, and 149 respectively.
[0308] Isolating the sections from each other provides
useful functionality for manipulating each adjacent zone
individually.
[0309] In use, the well 114 flows from a lower zone
through the lower slotted liner 154b and into the lower
tubular 116 via the sleeve valve 134b. The flow continues
through the lower tubular 116 past the lower packer el-
ement 122b, the upper apparatus 60a and instrument
carrier 146 before continuing through the upper tubular
118 towards the surface. Thus in contrast to the Fig. 3
embodiment, the apparatus 60a is configured to allow
flow through the tubing without the need to divert the flow
outside thereof, since it does not take up the full bore of
the upper tubular 118.
[0310] From an upper zone, the well flows through the
slotted liner 154a and into the upper tubular 118 via the
sleeve valve 134a. The flow continues through the upper
tubular 118, past the upper packer element 122a towards
the surface.
[0311] In use, the flow may be from the upper zone
adjacent the well 114 only, the lower zone adjacent the
well 114 only or may be co-mingled, that is produced
from the two zones simultaneously. For example, fluids
from the slotted liner 154b combine with further fluids
entering the well 114 via the upper slotted liner 154a to
form a co-mingled flow.
[0312] The features of the Fig. 4 embodiment are es-
pecially suitable to being used in production, injection,
well testing or observation operations. For example, in
certain embodiments, the apparatus can be used to help
clean the perforations and the pores of the formation prior
to flowing the well or after initial flow.
[0313] In other embodiments, after a zone has been
shut-in or killed it can then be reopened or monitored to
perform a connectivity test between the upper and lower
zones or other wells. In such embodiments, the appara-
tus can be used to help clear the communication paths
of the "kill" fluid or clear other formation damage.
[0314] A pressure gauge can monitor the pressure
within the containers. Moreover, the gauges or other de-
vices can be powered by the battery.
[0315] In some embodiments, the lower packer ele-
ment 122b is a permanent packer with a polished bore
on the inner face which engages with the seals on the
tubular 116, and together they form an annular sealing
device.
[0316] Fig. 5 shows such a short interval test using the
apparatus 160 as previously described in Fig. 2. Where

the well features are the same as previous Figs. 3 and 4
they have been labelled with the same number except
preceded by a "2". These features will not be described
in detail again here.
[0317] Annular sealing devices in the form of packer
elements 222a and 222b are set in the casing 212, and
a perforating tool 250 receives a wireless signal to acti-
vate and punch a hole 252 in the casing 212 and adjacent
formation 251.
[0318] The apparatus 160 then receives a control sig-
nal to open the valve 162 and the container 168, which
has an underbalanced portion 169, receives flow in a
controlled manner from the perforated interval 252 be-
tween the two packer elements 222a and 222b. Pressure
is monitored by a pressure sensor 243 before the valve
162 is opened, and as the flow enters the fluid chamber
167 above the floating piston 174. Concurrently a control
fluid, such as oil, moves through the valve 162 from the
fluid chamber 167 (below the floating piston 174) into the
dump chamber 169.
[0319] The valve 162 is closed before significant pres-
sure has built up in the dump chamber 169. This main-
tains a more constant pressure differential between the
dump chamber 169 and fluid chamber 167, which in turn
provides a more constant flow rate of fluids entering the
fluid chamber 167 and so provides more meaningful data.
[0320] In alternative embodiments, the valve 162 is not
closed, but instead the piston abuts against the lower
extent 167B of the fluid chamber 167. For such embod-
iments, the valve 162 can thus be a relatively simple sin-
gle-shot valve.
[0321] A relatively limited flow test can thus be con-
ducted in the short interval between the packer elements
222a, 222b. Data from pressure sensors 243 or other
sensors in communication with the short interval, such
as between the two packer elements 222a, 222b or below
the lower packer element 222b in the flow port 165, can
provide useful flow test information. This can obviate the
need to conduct a time consuming and much more ex-
pensive procedure of a full well test, or even a closed
chamber test where well fluids are displaced at the sur-
face. Data from the pressure sensor(s) can be transmit-
ted wirelessly, for example by acoustic or electromag-
netic signals, to the surface for monitoring.
[0322] A variety of alternatives are available for such
a flow test of a short interval. Two or more such flow tests
can be conducted. In one embodiment, the valve 162
can be opened again and more fluid enters the fluid
chamber 167, and this open/close sequence can be re-
peated until the fluid chamber 167 is full. Alternatively or
additionally, further underbalanced containers may be
provided to conduct the further flow test. In either case,
an operator can unseat the packer elements 222a, 222b,
reposition the apparatus 160, re-seat the packer ele-
ments 222a, 222b, and then conduct a subsequent flow
test of a different short interval.
[0323] In one alternative embodiment, a pump controls
the port 163 (or a further port) between the fluid chamber
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167 and the dump chamber 169. This can be operated
after the procedure described above, to pump fluid from
the dump chamber 169 back into the fluid chamber 167,
and the apparatus 160 can be used again. Indeed, for
such embodiments, the port 161 can have an outlet to
annulus area 291A below the packer element 222b.
When the control fluid is pumped back into the fluid cham-
ber 167 (below the floating piston 174) the fluid above
the floating piston 174, previously taken from the interval,
can be exhausted into the annulus area 291A, outwith
the interval and below the packer element 222b.
[0324] As a further option, a second underbalanced
container is provided, preferably configured as the con-
tainer 60 shown in Fig. 1. This can be used to purge the
interval, before the apparatus 160 is used to conduct the
flow test on the short interval, as described above.
[0325] After the short interval test, it may be useful to
control the interval by adding ’kill’ fluid. Optionally there-
fore, a sleeve valve 230 can be provided between the
tubing string 218 and surrounding annulus 290A which
can be opened to allow pressure connectivity between
the interval and the string above, for example to allow kill
fluid to enter the interval.
[0326] The apparatus 60, 160 can be used in a variety
of wells and are not limited to the illustrated examples.
[0327] In Fig. 6, an alternative embodiment of an ap-
paratus 260 with a container 268 is illustrated. Common
features with earlier embodiments are not described
again for brevity. In contrast to earlier figures the con-
tainer 268 with a valve 262 is in part defined by the sur-
rounding casing 212. Such an apparatus 260 is normally
run on the casing 212 when completing the well. An ad-
vantage of such an embodiment is that the container can
have larger volumes without running further tubing into
the well. The apparatus 260 may have flow bypass 92
controlled by a pump 93 for cementing during completion.
Such embodiments are useful for clearing a toe of a hor-
izontal well.
[0328] Moreover, embodiments can be used to clear
liquid, such as water, from a gas well. In certain situations,
a gas well produces from an upper zone, or section of a
zone and a liquid column resists gas production from a
lower zone, or section of a zone which has insufficient
pressure to overcome the combined hydrostatic head of
the liquid column and pressure of the upper zone, or sec-
tion of a zone. The liquid column is thus ’trapped’ in the
well and prevents production from a lower zone, or sec-
tion of a zone. Certain embodiments of the present in-
vention, such as the Fig. 6 embodiment, can be used to
remove a portion of the liquid column to allow the lower
zone, or section of a zone to produce.
[0329] A variety of valves may be used with the appa-
ratus described herein. Fig. 7 shows one example of a
valve assembly 500 in a closed position A and in an open
position B. The valve assembly 500 comprises a housing
583, a first inlet port 581, a second outlet port 582 and a
valve member in the form of a piston 584. The valve as-
sembly further comprises an actuator mechanism which

comprises a lead screw 586 and a motor 587.
[0330] The first port 581 is the inlet and the second
port 582 is the outlet. The first port 581 is on a first side
of the housing 583 and the second port 582 is on a second
side of the housing 583, such that the first port 581 is at
90 degrees to the second port 582.
[0331] The piston 584 is contained within the housing
583. Seals 585 are provided between the piston 584 and
an inner wall of the housing 583 to isolate the first port
581 from the second port 582 when the valve assembly
500 is in the closed position A; and also to isolate the
ports 581, 582 from the actuator mechanism 586, 587
when the valve assembly is in the closed A and/or open
B position.
[0332] The piston 584 has a threaded bore on the side
nearest the motor 587 which extends substantially into
the piston 584, but does not extend all the way through
the piston 584. The lead screw 586 is inserted into the
threaded bore in the piston 584. The lead screw 586 ex-
tends partially into the piston 584 when the valve assem-
bly 500 is in the closed position A. The lead screw 586
extends substantially into the piston 584 when the valve
assembly is in the open position B.
[0333] In use, the valve assembly is initially in the
closed position A. A side of the piston 584 is adjacent to
the first port 581 and a top side of the piston 584 is ad-
jacent to the second port 582 so that the first port 581 is
isolated from the second port 582. This prevents fluid
flow between the first port 581 and the second port 582.
Once the actuator mechanism receives a signal instruct-
ing it to open the valve, the motor begins to turn the lead
screw 586 which in turn moves the piston 584 towards
the motor 587. As the piston 584 moves, the lead screw
586 is inserted further into the piston 584 until one side
of the piston 584 is adjacent to the motor 587. In this
position, the first port 581 and the second port 582 are
open and fluid can flow in through the first port 581 and
out through the second port 582.
[0334] Modifications and improvements can be incor-
porated herein without departing from the scope of the
invention. For example various arrangements of the con-
tainer and electronics may be used, such as electronics
provided in the apparatus below the container.
[0335] Alternative embodiments may transmit from the
apparatus to the surface without relays, especially those
using EM communication. The relays may be provided
in other positions in the well such as the casing.
[0336] Moreover, whilst the chokes illustrated here are
reduced diameter chokes, other forms of chokes can be
utilised, for example an extended section with a restricted
diameter.

Claims

1. A method to manipulate a well (14), comprising:

- providing a pressure sensor (43) in the well;
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- providing an apparatus (60) in a well below an
annular sealing device (22), the annular sealing
device engaging with an inner face of casing
(12b) or wellbore in the well, and being at least
100m below a surface of the well,
- providing a connector (16, 50) for connecting
the apparatus to the annular sealing device, the
connector being above the apparatus and below
the annular sealing device;

the apparatus comprising:

- a container (68) having a volume of at least 50
litres (I);
- a port (61) to allow pressure and fluid commu-
nication between an inside and an outside of the
container;
- a mechanical valve assembly having a valve
member (62) adapted to move to selectively al-
low or resist fluid entry into at least a portion of
the container, via the port;
- a control mechanism (64, 66) to control the
mechanical valve assembly, comprising a com-
munication device configured to receive a con-
trol signal for moving the valve member;
- sealing the container at the surface, and then
deploying it into the well such that the apparatus
moves from the surface into the well below the
annular sealing device with the container
sealed;
- the pressure in at least a portion of said inside
of the container being less than said outside of
the container for at least one minute;
- sending a control signal from above the annular
sealing device to the communication device at
least in part by a wireless control signal trans-
mitted in at least one of the following forms: elec-
tromagnetic, acoustic, inductively coupled tubu-
lars and coded pressure pulsing;

- moving the valve member in response to
said control signal to allow fluid to enter the
container; and,
- drawing in at least 5 I of fluid into the con-
tainer.

2. A method as claimed in any preceding claim, wherein
the valve member (62) is moved at least two minutes
before and/or at least two minutes after, any perfo-
rating gun-activation.

3. A method as claimed in any preceding claim, wherein
the pressure sensor (43) is below the annular sealing
device (22) and the pressure sensor is coupled to a
wireless transmitter and data is transmitted from the
wireless transmitter, to above the annular sealing
device in at least one of the following forms: electro-
magnetic, acoustic and inductively coupled tubulars.

4. A method as claimed in any preceding claim, wherein
a barrier is provided in the well (14) and the port (61)
of the apparatus (60) is provided below the barrier
when the valve (62) is moved to allow fluid to enter
the container (68).

5. A method as claimed in claim 4, wherein at least a
section of the well (14) has been suspended or aban-
doned below the barrier.

6. A method as claimed in any preceding claim, wherein
the apparatus (60) is conveyed on one of tubing, drill
pipe or casing/liner (12a, 12b), and wherein the ap-
paratus is optionally deployed into the well (14) in
the same operation as deploying the annular sealing
device (22) into the well.

7. A method as claimed in any preceding claim, wherein
the well (14) is shut in, at surface or downhole, after
the apparatus (60) has been run and before the valve
member (62) moves in response to the control signal.

8. A method as claimed in any preceding claim, wherein
the annular sealing device (22) is a first annular seal-
ing device (122a) and the port (61) of the apparatus
(60) is provided above a second annular sealing de-
vice (122b).

9. A method as claimed in claim 8, including conducting
a short interval test and wherein the first annular seal-
ing device (122a) and the second annular sealing
device (122b) are less than 10m apart, optionally
less than 5m, or less than 2m, or less than 1m, or
less than 0.5m apart.

10. A method as claimed in any preceding claim, includ-
ing using the apparatus (60) to conduct an interval
test, drawdown test, flow test, build-up test, pressure
test, or a connectivity test such as a pulse or inter-
ference test.

11. A method as claimed in any preceding claim, also
comprising conducting a procedure on the well (14)
wherein the procedure includes one or more of im-
age capture, a build-up test, drawdown test, connec-
tivity test such as an interference or pulse test, flow
test, pressure test, drill stem test (DST) extended
well test (EWT), well/reservoir treatment such as an
acid treatment, interval injectivity test, permeability
test, hydraulic fracturing or minifrac procedure, in-
jection procedure, gravel pack operation, perforation
operation, string deployment, workover, suspension
and abandonment.

12. A method as claimed in any preceding claim, wherein
the well (14) is a gas well, and the apparatus (60) is
used to draw in fluid from the well into the container
(68) to reduce the hydrostatic head of a lower section
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of a zone.

13. A method as claimed in any preceding claim, wherein
the container (68) comprises a fluid chamber in fluid
communication with the port (61), and a dump cham-
ber and wherein the control mechanism (64, 66) con-
trols fluid communication between the fluid chamber
and the dump chamber.

14. A method as claimed in any preceding claim, wherein
the apparatus (60) comprises a choke (176) option-
ally fixed or adjustable.

15. A method as claimed in any preceding claim, wherein
the container (68) has a volume of at least 100 I and
at least 100 I of well (14) fluid is drawn into the con-
tainer.

16. A method as claimed in any preceding claim, wherein
in addition to the container (68), there is at least one
secondary container having a volume of at least 1 I,
the at least one secondary container having a control
device for controlling communication between an in-
side and an outside of the secondary container,
wherein the control device includes a mechanical
valve assembly (62), and wherein the pressure in-
side the secondary container is higher than an out-
side of the secondary container or wherein the ap-
paratus (60) comprises a pump which pumps fluid
to/from an inside of the at least one secondary con-
tainer from/to an outside of the secondary container.

17. A method as claimed in any preceding claim, wherein
the wireless control signal is transmitted as at least
one of electromagnetic signals and acoustic control
signals.

18. A method as claimed in any preceding claim, wherein
the control mechanism (64, 66) is configured to be
controllable by the control signal more than 24 hours
after being run into the well (14), optionally more than
7 days, more than 1 month, more than 1 year or more
than 5 years.

19. A method as claimed in any preceding claim, wherein
the container (68) is defined, at least in part, by the
casing or liner (12a, 12b).

Patentansprüche

1. Verfahren zum Manipulieren eines Schachts (14),
umfassend:

- Bereitstellen eines Drucksensors (43) in dem
Schacht;
- Bereitstellen einer Einrichtung (60) in einem
Schacht unterhalb einer ringförmigen Dich-

tungsvorrichtung (22), wobei die ringförmige
Dichtungsvorrichtung mit einer Innenfläche ei-
nes Gehäuses (12b) oder einem Bohrloch in
dem Schacht in Eingriff steht und sich wenigs-
tens 100 m unterhalb einer Oberfläche des
Schachts befindet,
- Bereitstellen eines Verbinders (16, 50) zum
Verbinden der Einrichtung mit der ringförmigen
Dichtungsvorrichtung, wobei sich der Verbinder
über der Einrichtung und unter der ringförmigen
Dichtungsvorrichtung befindet;

wobei die Einrichtung umfasst:

- einen Behälter (68) mit einem Volumen von
wenigstens 50 Litern (1);
- einen Anschluss (61), um eine Druck- und Flu-
idverbindung zwischen einem Inneren und ei-
nem Äußeren des Behälters zu erlauben;
- eine mechanische Ventilanordnung mit einem
Ventilelement (62), das angepasst ist, um sich
zu bewegen, um einen Fluideintritt in wenigs-
tens einen Abschnitt des Behälters über den An-
schluss selektiv zuzulassen oder diesem zu wi-
derstehen;
- einen Steuermechanismus (64, 66) zum Steu-
ern der mechanischen Ventilanordnung, der ei-
ne Kommunikationsvorrichtung umfasst, die
konfiguriert ist, um ein Steuersignal zum Bewe-
gen des Ventilelements zu empfangen;
- Abdichten des Behälters an der Oberfläche
und dann Entfalten in den Schacht, sodass sich
die Einrichtung von der Oberfläche in den
Schacht unter die ringförmige Dichtungsvorrich-
tung bewegt, wobei der Behälter abgedichtet ist;
- wobei der Druck in wenigstens einem Abschnitt
der Innenseite des Behälters für wenigstens ei-
ne Minute geringer als an der Außenseite des
Behälters ist;
- Senden eines Steuersignals von oberhalb der
ringförmigen Dichtungsvorrichtung an die Kom-
munikationsvorrichtung wenigstens teilweise
durch ein drahtloses Steuersignal, das in we-
nigstens einer der folgenden Formen übertra-
gen wird: elektromagnetisch, akustisch, induktiv
gekoppelte Röhren und codiertes Druckpulsen;
- Bewegen des Ventilelements als Reaktion auf
das Steuersignal, um zuzulassen, dass Fluid in
den Behälter eintritt; und
- Einziehen von wenigstens 5 l Flüssigkeit in den
Behälter.

2. Verfahren nach einem vorhergehenden Anspruch,
wobei das Ventilelement (62) wenigstens zwei Mi-
nuten vor und/oder wenigstens zwei Minuten nach
jeder Aktivierung eines Perforateurs bewegt wird.

3. Verfahren nach einem vorhergehenden Anspruch,
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wobei der Drucksensor (43) unterhalb der ringförmi-
gen Dichtungsvorrichtung (22) liegt und der Druck-
sensor mit einem drahtlosen Sender gekoppelt ist
und Daten von dem drahtlosen Sender oberhalb die
ringförmige Dichtungsvorrichtung in wenigstens ei-
ner der folgenden Formen übertragen werden: elek-
tromagnetisch, akustisch und induktiv gekoppelte
Röhren.

4. Verfahren nach einem vorhergehenden Anspruch,
wobei eine Sperre in dem Schacht (14) bereitgestellt
ist und die Öffnung (61) der Einrichtung (60) unter-
halb der Sperre bereitgestellt ist, wenn das Ventil
(62) bewegt wird, um zuzulassen, dass Fluid in den
Behälter (68) eintritt.

5. Verfahren nach Anspruch 4, wobei wenigstens ein
Bereich des Schachts (14) unterhalb der Sperre auf-
gehängt oder stillgelegt wurde.

6. Verfahren nach einem vorhergehenden Anspruch,
wobei die Einrichtung (60) auf einem von einem
Rohr, einem Bohrgestänge oder einem Gehäuse/ei-
ner Auskleidung (12a, 12b) befördert wird und wobei
die Einrichtung optional in demselben Vorgang in
den Schacht (14) eingesetzt wird wie das Einsetzen
der ringförmigen Dichtungsvorrichtung (22) in den
Schacht.

7. Verfahren nach einem vorhergehenden Anspruch,
wobei der Schacht (14) an der Oberfläche oder un-
tertage eingeschlossen wird, nachdem die Einrich-
tung (60) betrieben wurde und bevor sich das Ven-
tilelement (62) als Reaktion auf das Steuersignal be-
wegt.

8. Verfahren nach einem vorhergehenden Anspruch,
wobei die ringförmige Dichtungsvorrichtung (22) ei-
ne erste ringförmige Dichtungsvorrichtung (122a) ist
und der Anschluss (61) der Einrichtung (60) über
einer zweiten ringförmigen Dichtungsvorrichtung
(122b) bereitgestellt ist.

9. Verfahren nach Anspruch 8, einschließlich des
Durchführens eines Kurzintervalltests und wobei die
erste ringförmige Dichtungsvorrichtung (122a) und
die zweite ringförmige Dichtungsvorrichtung (122b)
weniger als 10 m voneinander entfernt sind, optional
weniger als 5 m oder weniger als 2 m, oder weniger
als 1 m oder weniger als 0,5 m voneinander entfernt.

10. Verfahren nach einem vorhergehenden Anspruch,
einschließlich des Verwendens der Einrichtung (60),
um einen Intervalltest, einen Absenkungstest, einen
Durchflusstest, einen Aufbautest, einen Drucktest
oder einen Konnektivitätstest, wie etwa einen Im-
puls- oder einen Interferenztest, durchzuführen.

11. Verfahren nach einem vorhergehenden Anspruch,
das ebenso das Durchführen einer Handlung an dem
Schacht (14) umfasst, wobei die Handlung eines
oder mehrere von einer Bildaufnahme, einem Auf-
bautest, einem Absenkungstest, einem Konnektivi-
tätstest, wie etwa einem Interferenz- oder Impuls-
test, einem Durchflusstest, einem Drucktest, einem
Gestängetest (drill stem test - DST), einem erweiter-
ten Schachtest (extended well test - EWT), einer
Schacht-/Behälterbehandlung, wie etwa einer Säu-
rebehandlung, einem Intervallinjizierbarkeitstest, ei-
nem Durchlässigkeitstest, einer hydraulischen Riss-
bildungs- oder Minifrac-Handlung, einer Injektions-
handlung, einem Kiespackvorgang, einem Perfora-
tionsvorgang, einem Stringeinsatz, einem Worko-
ver, einer Aufhängung und einer Stilllegung umfasst.

12. Verfahren nach einem vorhergehenden Anspruch,
wobei der Schacht (14) ein Gasschacht ist und die
Einrichtung (60) verwendet wird, um Fluid aus dem
Schacht in den Behälter (68) einzuziehen, um den
Wasserdruck eines unteren Bereichs einer Zone zu
verringern.

13. Verfahren nach einem vorhergehenden Anspruch,
wobei der Behälter (68) eine Fluidkammer in Fluid-
verbindung mit dem Anschluss (61) und eine Lager-
kammer umfasst und wobei der Steuermechanis-
mus (64, 66) die Fluidverbindung zwischen der Flu-
idkammer und der Lagerkammer steuert.

14. Verfahren nach einem vorhergehenden Anspruch,
wobei die Einrichtung (60) eine Drossel (176) um-
fasst, die optional fest oder einstellbar ist.

15. Verfahren nach einem vorhergehenden Anspruch,
wobei der Behälter (68) ein Volumen von wenigstens
100 l aufweist und wenigstens 100 l von Fluid des
Schachts (14) in den Behälter eingezogen werden.

16. Verfahren nach einem vorhergehenden Anspruch,
wobei zusätzlich zu dem Behälter (68) wenigstens
ein Sekundärbehälter mit einem Volumen von we-
nigstens 1 l vorhanden ist, wobei der wenigstens ei-
ne Sekundärbehälter eine Steuervorrichtung zum
Steuern der Verbindung zwischen einem Inneren
und einem Äußeren des Sekundärbehälters auf-
weist, wobei die Steuervorrichtung eine mechani-
sche Ventilanordnung (62) beinhaltet, und wobei der
Druck innerhalb des Sekundärbehälters höher ist als
außerhalb des Sekundärbehälters, oder wobei die
Einrichtung (60) eine Pumpe umfasst, die Fluid
zu/von einem Inneren des wenigstens einen Sekun-
därbehälters von/zu einem Äußeren des Sekundär-
behälters pumpt.

17. Verfahren nach einem vorhergehenden Anspruch,
wobei das drahtlose Steuersignal als wenigstens ei-
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nes von elektromagnetischen Signalen und akusti-
schen Steuersignalen übertragen wird.

18. Verfahren nach einem vorhergehenden Anspruch,
wobei der Steuermechanismus (64, 66) konfiguriert
ist, um durch das Steuersignal mehr als 24 Stunden
nach dem Einlaufen in den Schacht (14) steuerbar
zu sein, optional mehr als 7 Tage, mehr als 1 Monat,
mehr als 1 Jahr oder mehr als 5 Jahre.

19. Verfahren nach einem vorhergehenden Anspruch,
wobei der Behälter (68) wenigstens teilweise durch
die Hülle oder die Auskleidung (12a, 12b) definiert
ist.

Revendications

1. Méthode de manipulation d’un puits (14),
comprenant :

- l’installation d’un capteur de pression (43) dans
le puits ;
- l’installation d’un appareil (60) dans un puits,
au-dessous d’un dispositif d’étanchéité annulai-
re (22), le dispositif d’étanchéité annulaire s’en-
gageant avec une face interne d’un tubage (12b)
ou puits de forage dans le puits, et se trouvant
à au moins 100 m sous une surface du puits,
- l’installation d’un connecteur (16, 50) pour le
raccordement de l’appareil au dispositif d’étan-
chéité annulaire, le connecteur se trouvant au-
dessus de l’appareil et au-dessous du dispositif
d’étanchéité annulaire ;

l’appareil comprenant :

- un conteneur (68), avec un volume d’au moins
50 litres (l) ;
- un orifice (61) permettant une communication
par la pression et par le fluide entre un intérieur
et un extérieur du conteneur ;
- un ensemble de vanne mécanique possédant
un élément de vanne (62) adapté pour se dé-
placer en permettant ou en résistant sélective-
ment à l’introduction du fluide dans au moins
une partie du conteneur, à travers l’orifice ;
- un mécanisme de commande (64, 66) com-
mandant l’ensemble de vanne mécanique, com-
prenant un dispositif de communication configu-
ré pour recevoir un signal de commande pour
déplacer l’élément de vanne ;
- la fermeture étanche du conteneur à la surface,
puis son déploiement dans le puits de sorte que
l’appareil se déplace de la surface dans le puits
au-dessous du dispositif d’étanchéité annulaire,
avec le conteneur fermé hermétiquement ;
- la pression dans au moins une partie dudit in-

térieur du conteneur étant inférieure audit exté-
rieur du conteneur pendant au moins une
minute ;
- l’émission d’un signal de commande d’au des-
sus du dispositif d’étanchéité annulaire au dis-
positif de communication, au moins en partie par
un signal de commande sans fil transmis sous
au moins une des formes suivantes : électroma-
gnétique, acoustique, tubulaires couplés par in-
duction, et impulsions de pression codées ;
- déplacement de l’élément de vanne en répon-
se audit signal de commande afin de permettre
l’introduction de fluide dans le conteneur ; et
- introduction d’au moins 5 l de fluide dans le
conteneur.

2. Méthode selon une des revendications précédentes,
l’élément de vanne (62) étant déplacé au moins deux
minutes avant et/ou au moins deux minutes après
toute activation du perforateur de forage.

3. Méthode selon une des revendications précédentes,
le capteur de pression (43) se trouvant au-dessous
du dispositif d’étanchéité annulaire (22), et le capteur
de pression étant couplé à un transmetteur sans fil,
et des données étant transmises du transmetteur
sans fil à un point au-dessus du dispositif d’étanchéi-
té annulaire sous au moins une des formes
suivantes : électromagnétique, acoustique, et tubu-
laires couplés par induction.

4. Méthode selon une des revendications précédentes,
une barrière étant placée dans le puits (14), et l’ori-
fice (61) de l’appareil (60) étant placé au-dessous
de la barrière lors du déplacement de la vanne (62)
pour permettre l’introduction de fluide dans le con-
teneur (68).

5. Méthode selon la revendication 4, au moins une sec-
tion du puits (14) ayant été suspendue ou abandon-
née au-dessous de la barrière.

6. Méthode selon une des revendications précédentes,
l’appareil (60) étant transporté sur un d’un tube,
d’une tige de forage, ou d’un tubage/d’une colonne
perdue (12a, 12b), et l’appareil étant déployé, en op-
tion, dans le puits (14) au cours de la même opération
que le déploiement du dispositif d’étanchéité annu-
laire (22) dans le puits.

7. Méthode selon une des revendications précédentes,
le puits (14) étant fermé, à la surface ou dans le trou,
après l’utilisation de l’appareil (60) et avant le dépla-
cement de l’élément de vanne (62) en réponse au
signal de commande.

8. Méthode selon une des revendications précédentes,
le dispositif d’étanchéité annulaire (22) étant un pre-
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mier dispositif d’étanchéité annulaire (122a), et l’ori-
fice (61) de l’appareil (60) étant placé au-dessus du
deuxième dispositif d’étanchéité annulaire (122b).

9. Méthode selon la revendication 8, comprenant l’exé-
cution d’un essai à court intervalle, et le premier dis-
positif d’étanchéité annulaire (122a), et le deuxième
dispositif d’étanchéité annulaire (122b) étant situés
à moins de 10 m l’un de l’autre, en option à moins
de 5 m, ou à moins de 2 m, ou à moins de 1 m, ou
à moins de 0,5 m l’un de l’autre.

10. Méthode selon une quelconque des revendications
précédentes, comprenant l’utilisation de l’appareil
(60) pour effectuer un essai d’intervalle, un essai de
soutirage, un essai d’écoulement, un essai d’accu-
mulation, un essai de pression, ou un essai de con-
nectivité, par exemple un pulsotest ou un essai d’in-
terférence.

11. Méthode selon une quelconque des revendications
précédentes, comprenant également l’exécution
d’une intervention sur le puits (14), l’intervention
comprenant une ou plusieurs d’une capture d’image,
d’un essai d’accumulation, d’un essai de soutirage,
d’un essai de connectivité, par exemple un pulsotest
ou un essai d’interférence, d’un essai d’écoulement,
d’un essai de pression, d’un essai en cours de forage
(DST), d’un essai de puits renforcé (EWT), d’un trai-
tement de puits/réservoir, par exemple un traitement
à l’acide, d’un essai d’injectivité d’intervalle, d’un es-
sai de perméabilité, d’une intervention de fractura-
tion hydraulique ou minifrac, d’une intervention d’in-
jection, d’une intervention de gravillonnage des cré-
pines, d’une intervention de perforation, d’un dé-
ploiement de train de tiges, d’un reconditionnement,
d’une suspension, et d’un abandon.

12. Méthode selon une quelconque des revendications
précédentes, le puits (14) étant un puits à gaz, et
l’appareil (60) étant utilisé pour soutirer du fluide du
puits dans le conteneur (68), afin de réduire la charge
hydrostatique d’une section inférieure d’une zone.

13. Méthode selon une quelconque des revendications
précédentes, le conteneur (68) comprenant une
chambre de fluide en communication fluidique avec
l’orifice (61), et une chambre de décharge, et le mé-
canisme de commande (64, 66) assurant la régula-
tion de la communication fluidique entre la chambre
de fluide et la chambre de décharge.

14. Méthode selon une quelconque des revendications
précédentes, l’appareil (60) comprenant une duse
(176) fixée en option ou réglable.

15. Méthode selon une quelconque des revendications
précédentes, le volume du conteneur (68) étant au

moins de 100 l, et au moins 100 l de fluide du puits
(14) étant introduits dans le conteneur.

16. Méthode selon une quelconque des revendications
précédentes, dans laquelle, en plus du conteneur
(68), il y a au moins un conteneur secondaire d’un
volume d’au moins 1 l, l’au moins un conteneur se-
condaire étant doté d’un dispositif de commande as-
surant la régulation des communications entre un
intérieur et un extérieur du conteneur secondaire, le
dispositif de commande possédant un ensemble de
vanne mécanique (62), et la pression à l’intérieur du
conteneur secondaire étant supérieure à celle de
l’extérieur du conteneur secondaire, ou l’appareil
(60) comprenant une pompe pompant du fluide dans
/ depuis l’intérieur de l’au moins un conteneur se-
condaire depuis / dans un extérieur du conteneur
secondaire.

17. Méthode selon une quelconque des revendications
précédentes, le signal de commande sans fil étant
transmis sous forme d’au moins un de signaux élec-
tromagnétiques et de signaux de commande acous-
tiques.

18. Méthode selon une quelconque des revendications
précédentes, le mécanisme de commande (64, 66)
étant configuré pour pouvoir être commandé par le
signal de commande plus de 24 heures après son
introduction dans le puits (14), en option plus de 7
jours, plus d’un mois, plus d’un an, ou plus de 5 ans.

19. Méthode selon une quelconque des revendications
précédentes, le conteneur (68) étant défini, au moins
en partie, par le tubage ou la colonne perdue (12a,
12b).
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