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FLOW CONTROL ASSEMBLY 

 

The present invention relates to a flow control assembly.  The invention also relates 

in certain aspects to a method of controlling flow, especially in the wellbore of an oil 

and gas well.  In certain aspects, the invention relates to a method of controlling 5 

downhole barriers, typically in the form of flappers or sleeves, to control the flow of 

fluid in the region of the barriers, typically during injection procedures, where fluids 

are being injected from the surface, through the bore, and into the well.  The 

invention relates to the use of pressure signatures in the injected fluid, to convey at 

least a part of a control signal to a downhole valve in the bore of the oil or gas well, 10 

so as to change the configuration of the downhole barrier.  In certain aspects, the 

method and system of the invention have particular utility in hydraulic fracturing 

procedures (known as fracking or frac’ing), where a bore in the well is being used as 

a conduit for the injection of fluid from surface, through the bore, and into the 

formation. 15 

 

Frac’ing and other injection procedures are well known in the operation and 

exploitation of oil and gas wells.  Typically, during frac’ing procedures, the bore (e.g. 

the wellbore) is provided with a port to allow communication between the inside of 

the bore and the outside of the bore, for example to allow fluids to flow from inside 20 

the bore (e.g. in a string such as a completion string deployed in the borehole) and 

into the formation.  The port is typically in the form of a side vent or perforation in 

the bore (e.g. the string).  A barrier such as a plug is typically set in the bore below 

the port, and fluid is injected into the bore from the surface, passing through the 

port, and into the formation.  Frac’ing can be used to improve the formation 25 

qualities, or to improve the return from the well, for example, by creating new 

channels in the formation, which can increase the extraction rates and ultimate 

recovery of hydrocarbons, or by conveying a well stimulant into the formation. 

 

According to the present invention there is provided a flow control assembly for use 30 

in an oil or gas well, comprising: 

-a bore to convey fluid between the surface of the well and a formation; 
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- a flow control device located in the bore, the flow control device having first and 

second configurations, to divert fluid in the bore; 

- a control mechanism configured to detect pressure changes in the fluid in the bore, 

wherein the control mechanism is programmed to trigger a change in the 

configuration of the flow control device in response to the detection of a pressure 5 

signature in the fluid, comprising a sequence of at least two pressure changes, each 

pressure change having a minimum rate of change of pressure, with a measured 

time interval between each pressure change. 

 

The present invention also provides a method of controlling flow in a bore of an oil 10 

or gas well, the method comprising: 

- providing a control mechanism in the bore, configured to detect a pressure 

signature in a fluid in the bore, and  

- generating a pressure signature in the fluid in the bore and transmitting the 

pressure signature to the control mechanism to trigger a change in the configuration 15 

of a flow control device in the bore in response to the detection of the pressure 

signature in the fluid;  

wherein a positive pressure signature effective to trigger the change in 

configuration of the flow control device requires a sequence of at least two pressure 

changes, each pressure change having a minimum rate of change of pressure, with a 20 

measured time interval between each pressure change. 

 

Typically the flow control device can adopt more than two different configurations, 

for example, 3 configurations or more.  Typically the flow control device can have an 

first open configuration, optionally used when initially running into the hole, a 25 

second closed configuration, and a third open configuration used when producing 

hydrocarbons from the well.  Optionally the flow control device can be secured (e.g. 

fixed) in the second closed or third open configurations. 

 

Typically the flow control device can comprise any downhole flow control device, 30 

and typically comprises a barrier.  Examples of suitable flow control devices include 
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flappers, sleeves, sliding sleeves, valves, and packers.  Typically the flow control 

device diverts or changes the flow of fluid in the well when it changes configuration.   

 

Typically the pressure signature can comprise a minimum pressure change, which 

can typically have a low threshold but which is sufficient to cause the mechanism to 5 

ignore small transient changes in pressure that are not intended to be positive 

pressure signatures.  However, in certain examples of the invention, the absolute 

threshold value of pressure reached during the pressure change does not affect the 

signature. 

 10 

Typically the pressure change can be held for a minimum time period, which also 

typically has a low threshold, sufficient to cause the mechanism to ignore short-

lived transient changes in pressure that are not intended to be positive pressure 

signatures.   However, in certain examples of the invention, the time for which the 

pressure change is sustained does not affect the signature. 15 

 

The change in pressure can comprise an increase, and typically this can be sufficient 

alone to generate a positive signature that triggers the conformational change in the 

device.  Optionally the change in pressure can comprise a decrease in pressure. 

Optionally the signature can include both at least one pressure increase and at least 20 

one pressure decrease, each with a minimum rate of change of pressure, which can 

be the same or different.  Optionally more than one increase and/or decrease can be 

required for a valid signature.  The increase and decrease can typically be 

sequential, for example, an increase followed by a decrease, or a decrease followed 

by an increase.   In certain circumstances, for example in the event of a pressure 25 

signature being delivered in a tight formation, the pressure signature could 

comprise an increase following an increase, without necessarily any reduction in 

pressure between the two increases. Optionally the signature can require a 

minimum interval between the increase and the decrease, or between the decrease 

and the increase. 30 
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The rate of increase or decrease is typically monitored by a pressure gauge, typically 

on or near to the control mechanism, which typically samples the pressure at 

regular intervals, typically intervals of a few seconds, e.g. 10 sec, although the 

sampling interval can change in different examples of the invention, and typically 

the pressure changes over these intervals are recorded in order to obtain the rate of 5 

change of pressure in the fluid. Typically the control mechanism can be 

programmed to continuously monitor sequential pressure readings at consecutive 

sequential time intervals, and to assess whether a particular change in pressure 

meets the required criteria (e.g. the minimum rate of change of pressure) for a valid 

positive signature.  10 

 

 A number of sequential pressure readings, all meeting the required minimum rate 

of change of pressure criteria for a positive signal, are required for the recognition 

of an actual positive signature.   The sequential readings can typically be consecutive 

(occurring in an unbroken sequence). 15 

 

Typically the signature requires that the positive readings are contiguous (i.e. 

occurring one after another in the sampling sequence).  Optionally the signature 

requires that the readings are consistent (i.e. all in the same direction), For example, 

the rate of change is typically sustained over a number of pressure readings before 20 

it is recognised as a positive signature. The minimum number of readings to trigger 

a positive signature is typically at least two, but could be more, e.g. 3, 4, 5, 6 up to 15 

or 20 readings.   

 

The interval between pressure readings and the required rate of change in order to 25 

constitute a valid positive signature can be varied in different examples of the 

invention. 

 

Typically a positive signature can require more complex features before being 

recognised as a signature that triggers the configuration change. Pressure changes 30 

(e.g. pressure increases) are repeated over a measured time interval before the 

mechanism recognises the pressure changes as a valid signature. For example, in 
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one aspect of the invention, a valid positive signature constitutes three repeated 

pressure spikes, each meeting the requirement for minimum rate of change of 

pressure, and typically being sustained over a number of sequential pressure 

measurements (for example two or three sequential pressure measurements), and 

optionally further requiring the repeated spikes to occur within a measured time 5 

period.  For example in one embodiment, the pressure signature comprises three 

pressure spikes, with for example, a three minute interval between each spike 

(typically with a deviation, which may be for example +/- 20-30s). Accordingly, the 

valid positive signature can be made more specific by these additional features, 

requiring not only the minimum rate of change, but typically also the required 10 

sustain of the rate of change over a minimum number of sampled time intervals, and 

the repetition of a valid pressure spike within the required period. Thus, in this 

example, a valid positive signature is only provided by a sequence of pressure 

changes meeting all of these requirements, and in the event that pressure spikes are 

generated meeting the requirement of minimum rate and minimum sustain, but not 15 

meeting the requirement of repetition within the time period, the mechanism can 

optionally be programmed to ignore such signals. This is useful, because it permits 

different examples of the invention to control different tools within the same well, 

by varying one of the parameters recognised by the mechanism, which increases the 

specificity of the system. 20 

 

Typically the pressure signature can trigger activation of the flow control device.  In 

some examples, the pressure signature can trigger de-activation of the flow control 

device.  Optionally the activation signal is different from the de-activation signal.  

Optionally the pressure signature can cancel an earlier activation pressure 25 

signature.  Optionally the control mechanism recognises and responds to the 

cancellation signal only if it is transmitted within a cancellation period following 

transmission of the activation signal.  Typically the cancellation signal differs from 

the activation signal in the number of cycles transmitted. 

 30 

The pressure signature is typically transmitted via fluid within the bore.  Typically 

the fluid is moving (e.g. flowing) in the bore during the transmission of the pressure 
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signature. Typically the pressure signature is transmitted via fluid being injected 

into the bore, typically when being injected into the well, or when circulating fluid in 

the bore.  The pressure signature can optionally be transmitted during frac 

operations, via fluid being used for the frac operations. 

 5 

Typically the pressure signature is a rise above a sampled threshold and is 

maintained above the threshold for a minimum time period before reducing below 

the threshold.  Typically the pressure is maintained at a constant level (above the 

threshold) during the minimum time period, but alternatively could vary in 

amplitude during the time period provided that the pressure did not drop below the 10 

threshold during the minimum time period.  Optionally other variables can be 

required by the signature.  Requiring at least two variables above a threshold, i.e. 

pressure and time, in the signature allows significantly more flexibility and accuracy 

in controlling the downhole devices in the well, and allows the transmission of 

pressure signals for other downhole devices to be used which incorporate one of the 15 

required parameters but not the other, for example the required pressure threshold 

may be reached in the activation of other tools in the string, but not held for the 

required time to constitute a valid pressure signature for the flow control device in 

accordance with the present invention.  Hence the activation of other tools 

elsewhere in the string can continue unhindered without the risk of inadvertent 20 

activation or de-activation of the flow control device downhole.  

 

Typically the control mechanism samples the baseline pressure before the pressure 

signature is applied, and compares the pressure signature to the baseline pressure 

in order to verify the minimum rate of change of pressure required for a valid 25 

pressure signature, and optionally to determine that the pressure threshold 

required by the pressure signature has been reached, or that it has been maintained 

above the threshold during the minimum time period.  Accordingly in some aspects, 

the pressure signature is optionally interpreted as a rise in pressure above the 

measured baseline pressure which is optionally held for the minimum time period 30 

before dropping. 
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Typically the barrier is closed when the baseline pressure is measured. 

 

Typically the assembly has at least one pressure sensor.   

 

Typically the control mechanism has a programmable logic controller.  Typically the 5 

control mechanism has a memory.  Typically the control mechanism has a processor 

carrying firmware programmed to receive and interpret signals conveyed to the 

control mechanism and to issue instructions to the flow control device in reaction to 

the signals. 

 10 

Typically the control mechanism has a timer device, configured to measure the 

minimum time period.  

 

Typically a valid pressure signature detected by the control mechanism triggers the 

barrier to open after a time delay following the detection of the valid pressure 15 

signature.  Typically the time delay is programmed into the control mechanism, 

optionally in accordance with the known characteristics of the well, and is typically 

measured by the timer device.  Optionally the delay before configuration change in 

the flow control device (e.g. time delay between valid pressure signature and barrier 

opening) is coded into the control mechanism before the control mechanism and 20 

flow control device are run into the hole.  However in certain aspects of the 

invention, the time delay and other parameters of the configuration change required 

in the flow control device as a result of the pressure signature can be conveyed to 

the control mechanism separately after running into the hole.  For example, in some 

aspects the control mechanism includes an RFID reader and the parameters of the 25 

configuration change for the flow control device can be transmitted to the control 

mechanism in an RFID tag deployed from the surface to flow past the RFID reader in 

the control mechanism. 

 

Optionally the bore includes a selectively actuable port having an open 30 

configuration allowing fluid to pass through the port and thereby to exit the bore; 

and a closed configuration which denies fluid passage through the port.  Typically 
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the string is run into the well with the port closed and the port is then typically 

opened after the string is in place in the well. 

 

Optionally the selectively actuable port can be controlled by a port pressure 

signature carried by the fluid in the well.  Optionally the port pressure signature can 5 

be a sequence of pressure pulses applied to the fluid in the well, and detected at the 

selectively actuable port.  Optionally the pressure pulses controlling the selectively 

actuable port are received and processed by the control mechanism, but in certain 

circumstances, the pressure pulses can be received and processed by a control 

mechanism provided for the selectively actuable port, e.g. in the form of a pressure 10 

transducer provided on the port.   

 

Optionally the selectively actuable port is controlled by the control mechanism 

(typically having its own controller), and is activated to receive and react to the 

pressure pulses by the control mechanism, so that in the absence of the activation of 15 

the port by the control mechanism, it does not react to the pressure pulses in the 

fluid in the bore. 

 

The control mechanism typically includes a radio frequency identification (RFID) 

reader adapted to receive radio frequency signals from RFID tags deployed in the 20 

bore.  A suitable reader and suitable RFID tags for conveying the RF signals to the 

reader is disclosed in our earlier PCT publication WO2006/051250 which is 

incorporated herein by reference. 

 

Typically, an RFID tag is deployed in the wellbore, typically by deploying the RFID 25 

tag into the fluid flowing in the bore from the surface to the control mechanism, and 

typically passing the RFID tag through the reader, which typically incorporates a 

through-bore. 

 

Typically the RFID tag conveys a signal to the RFID reader, which is programmed to 30 

activate the control mechanism on receipt of the signal from the tag, and enable the 

flow control device to respond to the signature in the pressure fluctuations carried 
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by the fluid in the bore, typically from the surface.  Typically the control mechanism 

is only able to receive the signature, and change the configuration of the flow control 

device, after being activated by the RF signal encoded on the RFID tag. 

 

Typically the RFID reader activates the selectively actuable port to receive and react 5 

to the port pressure signature once the RFID tag has conveyed the RF signal to the 

RFID reader.  Typically the selectively actuable port is non-reactive to the port 

pressure signature until the activation of the port by the control mechanism, e.g. the 

RFID tag communicating the RF signal to the RFID reader in the control mechanism.  

Optionally the selectively actuable port and the flow control device are controlled by 10 

respective RFID readers forming part of the control mechanism.  The respective port 

and flow control device RFID readers can be configured to react to the same signal, 

or different signals, or each of the port and the flow control device can be controlled 

by the same RFID reader, which can optionally send different or the same control 

instructions to the port and the flow control device respectively. 15 

 

Typically the wellbore is divided into separate zones, each typically with a 

respective flow control device, and optionally each with a respective selectively 

actuable port.  Optionally each zone has a respective control mechanism, which can 

typically be activated (e.g. by an RFID tag dropped from surface) independently of a 20 

control mechanism, flow control device and/or port in other zones.  Each zone is 

typically isolated from other zones in the well, e.g. by packers or cup seal devices 

which occlude or restrict the annulus.  Typically each zone can be controlled 

independently of other zones in the well.  Typically each zone can be programmed 

to receive and react to either the same or a different pressure signature.    25 

 

Optionally the pressure signature can trigger different responses in different zones, 

either by carrying different instructions to different zones, or by carrying the same 

data, which is interpreted differently by different control mechanisms in different 

zones.  Optionally injection procedures carried out in initial zones can yield useful 30 

information that is used to vary injection treatments applied to later zones of the 

well, and might not be known at the time of starting the initial injection procedure 
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on the first zone.  For example, the time taken to inject a required fluid treatment 

such a given amount of proppant may be estimated for the first zone, typically the 

lowest zone in the well, and the data from the first injection operation into that zone 

might indicate that a longer injection time might be beneficial in later operations, for 

example, because of an unexpectedly non-porous formation.  Accordingly the later 5 

injection procedures might be carried out over a longer injection time period, which 

can be signalled by using a different signature with a longer “close barrier” delay 

signal to permit longer injection times through the port, or alternatively the later 

zones can be programmed to respond to the same pressure signal by the 

deployment of an RFID tag instructing the zone to close the barrier and open the 10 

port for the required longer injection time. 

 

Typically the control mechanism is programmed to close the barrier on receipt of a 

signal from the RFID tag.  Typically the barrier is located below the port in each 

zone, whereby closing the barrier below the port enhances the ability of the port to 15 

react to pressure changes in the fluid in the closed bore, and diverts fluid through 

the port when the port is opened.  Typically once the barrier has been closed, by the 

action of the control mechanism responding to the RFID signal, the control 

mechanism activates the selectively actuable port to receive and react to the port 

pressure signature.  The RFID signal typically does not itself open the port, although 20 

it could be configured to do so in some cases, but in certain examples it activates the 

port to receive the port pressure signature, and it is the pressure signature that 

initiates opening of the port.  The port pressure signature typically has different 

characteristics than the pressure signature that opens the barrier device.  Opening 

the port allows injection of fluid through the bore, which is diverted by the closed 25 

barrier device and flows through the open port in the sidewall of the bore, and thus 

flows into the formation.  Injection or frac’ing fluids can then be pumped through 

the bore at high volumes and high pressures for relatively long periods, into the 

formation via the bore and the open port, to treat the formation and improve the 

formation characteristics.  The exact nature of fluid injected during the procedure is 30 

not important, and many different known frac and injection treatments can be 

delivered into the formation in this way in different examples of the invention.  For 
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example, this step in the procedure permits water injection, stimulant and acid 

injection etc. to improve the flow of production fluids from the formation into the 

bore at a later stage of the process. 

 

Transmitting the “open barrier” signal via the pressure profile of the injected fluid 5 

means that the “open barrier” signal can be transmitted while the zone is being 

treated by frac’ing or other injection treatment, so a long signal can be coded in the 

pressure signature, at high pressures, and for relatively long periods of time 

enabling a strong signal with a beneficial signal to noise ratio that is easily 

interpreted by the assembly, but which is transmitted at the same time as the well 10 

structure is conducting a different operation (in this case injection, or frac’ing) while 

the bore is open.  This saves time in overall bore operations, as it is not necessary to 

close the well separately in order to pressure pulse other signals to the tools in the 

assembly.   

 15 

Typically the barrier device can comprise a valve such as a flapper valve, ball valve, 

sliding sleeve valve, or similar.  

 

Thus in certain examples, a possible procedure for injection of fluids into different 

zones might be as follows (typically in the following sequence, but this is not 20 

essential): 

1) Circulate RFID tag in well to close barrier in lowermost zone (e.g. zone 1) to 

be treated; 

2) Apply port pressure signature in wellbore fluid to open the selectively 

actable port (e.g. with closed barrier permitting a closed volume of wellbore fluid 25 

for transmission of the port pressure signature); 

3) Inject fluid from surface pumps through wellbore, keeping barrier device 

closed, so that fluid is diverted through the open port, into the formation for frac’ing 

or other injection treatment in zone 1; 

4) Apply pressure signature during fluid injection procedure (minimum rate of 30 

increase in pressure, optionally sustained above a minimum threshold, and 
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optionally for a minimum time period) to communicate to barrier device to open 

after a time delay (Td) following the pressure signature; 

5) Continue to inject fluid in frac’ing or injection procedure and curtail injection 

before pressure signature + Td; 

6) Wait until barrier opens after pressure signature + Td (optional); 5 

7) Circulate fluid in well and drop RFID tag to close barrier in next zone (e.g. 

zone 2 or zone 5, or zone 3, etc.); 

8) Repeat process with zone 2 and onwards up wellbore. 

 

Different zones can be selected for separate treatment, and it is not necessary to 10 

treat adjacent zones sequentially. 

 

The barrier typically has two open configurations permitting flow, and one closed 

configuration denying or restricting flow.  Optionally the barrier can be moved from 

its initial open configuration, to its closed configuration, and from there to its second 15 

open configuration.   

 

In certain aspects of the invention, fluids are flowed through the selectively actuable 

port without necessarily being injected into the formation. For example, in certain 

wellbore clean-up operations, the injected fluid can be flowed from the central bore 20 

of an inner string of tubing, through the selectively actuable port located in the inner 

string, and can then pass into an annular area between the inner string, and an outer 

string of tubular or liner. The fluid passing through the selectively actuable port can 

therefore be injected into the annular area typically at high speed and at high 

volumes, which can be useful for clean-up operations to wash debris etc. that is 25 

located in the annulus, back to the surface for recovery from the well. 

 

The various aspects of the present invention can be practiced alone or in 

combination with one or more of the other aspects, as will be appreciated by those 

skilled in the relevant arts.  The various aspects of the invention can optionally be 30 

provided in combination with one or more of the optional features of the other 

aspects of the invention.  Also, optional features described in relation to one aspect 
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can typically be combined alone or together with other features in different aspects 

of the invention.  

 

Various aspects of the invention will now be described in detail with reference to 

the accompanying figures.  Still other aspects, features, and advantages of the 5 

present invention are readily apparent from the entire description thereof, 

including the figures, which illustrates a number of exemplary aspects and 

implementations. The invention is also capable of other and different examples and 

aspects, and its several details can be modified in various respects, all without 

departing from the spirit and scope of the present invention. Accordingly, the 10 

drawings and descriptions are to be regarded as illustrative in nature, and not as 

restrictive.  Furthermore, the terminology and phraseology used herein is solely 

used for descriptive purposes and should not be construed as limiting in scope.  

Language such as "including," "comprising," "having," "containing," or "involving," 

and variations thereof, is intended to be broad and encompass the subject matter 15 

listed thereafter, equivalents, and additional subject matter not recited, and is not 

intended to exclude other additives, components, integers or steps.  Likewise, the 

term "comprising" is considered synonymous with the terms "including" or 

"containing" for applicable legal purposes. 

 20 

Any discussion of documents, acts, materials, devices, articles and the like is 

included in the specification solely for the purpose of providing a context for the 

present invention.  It is not suggested or represented that any or all of these matters 

formed part of the prior art base or were common general knowledge in the field 

relevant to the present invention. 25 

 

In this disclosure, whenever a composition, an element or a group of elements is 

preceded with the transitional phrase "comprising", it is understood that we also 

contemplate the same composition, element or group of elements with transitional 

phrases "consisting essentially of”, "consisting", "selected from the group of 30 

consisting of”, “including”, or "is" preceding the recitation of the composition, 

element or group of elements and vice versa. 
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All numerical values in this disclosure are understood as being modified by "about".  

All singular forms of elements, or any other components described herein are 

understood to include plural forms thereof and vice versa. References to directional 

and positional descriptions such as upper and lower and directions e.g. “up”, “down” 5 

etc. are to be interpreted by a skilled reader in the context of the examples 

described and are not to be interpreted as limiting the invention to the literal 

interpretation of the term, but instead should be as understood by the skilled 

addressee.  In particular, positional references in relation to the well such as “up” 

will be interpreted to refer to a direction toward the surface, and “down” will be 10 

interpreted to refer to a direction away from the surface, whether the well being 

referred to is a conventional vertical well or a deviated well. 

 

In the accompanying drawings: 

Figure 1 shows a side view of a tool string having a flow control assembly in 15 

accordance with the invention; 

Figure 2 shows an expanded view of a flow control device in the form of a barrier 

device forming part of the tool string of fig 1; 

Figure 3 is an expanded view of a lower portion of the fig 2 barrier device, showing a 

flapper; 20 

Figure 4 shows an expanded view of the an upper portion of the fig 2 barrier device; 

Figure 5 shows a selectively actuable port forming part of the fig 1 tool string; 

Figure 6 shows a sealing device used in the Fig 1 tool string to isolate adjacent zones 

of the well; figure 7 a-d show sequential views of the Fig 1 barrier device and the 

selectively actuable port in sequential stages of activation; 25 

Figs 8 to 13 show sequential schematic views of the fig 1 tool string showing the 

different stages of activation of the barrier device and selectively actuable port; and 

Fig 14 shows a graph of a pressure signature used in the Fig 1 tool string to control 

the configuration of the barrier device and the port; 

Figure 15 shows a schematic arrangement of a second completion string run into a 30 

multi-zone well; 
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Figures 16 to 23 show a sequential series of views of a flow chart showing the steps 

taken to treat the different zones of the well referred to in Fig 15; 

Figure 24 shows a chart of the activation status of the tools in figure 15 in the 

different stages of activation referred to in figures 16 to 23; 

Figure 25 shows a schematic arrangement of the contingency measures used to 5 

operate the tools in figure 15 in the event of failure of the primary activation 

mechanism; 

Figure 26 shows a graph indicating a typical pressure signature in accordance with 

the invention, used to operate the tools in figure 15; 

Figures 27-30 show graphical representations of the activation process of various 10 

tools in figure 15. 

 

Referring now to the drawings, figure 1 shows a tool string 1 disposed in a bore of a 

well (not shown). The tool string 1 extends between different adjacent zones of the 

well Z1, Z2, Z3…Zn. Optionally each zone of the bore contains a substantially 15 

identical set of tools in the string, typically repeated in the same sequence and 

orientation in each zone, although some zones can incorporate different tools. In 

particular, each zone typically includes a flow control device in the form of a barrier 

sub having a barrier device 10 typically in the form of a flapper valve, a control 

mechanism 20, and a port sub with a selectively actuable port 30 typically in the 20 

form of a sliding sleeve. Typically adjacent zones are isolated from one another by a 

zonal isolation seal, typically in the form of a flip out cup seal 50.  As can be seen 

clearly from figure 1, the elements in the string typically repeat in each zone, for as 

many zones as is required in the well. 

 25 

Typically, the tool string 1 is run into the well during a completion operation as part 

of the completion string.  Typically the tool string 1 will be run into naked borehole, 

but in certain examples it could be run inside a liner or casing.  Typically the tool 

string 1 creates an annulus between the tool string 1 and the borehole or the liner 

surrounding it. In most circumstances, the annulus will be occluded by the zonal 30 

isolation seal 50, thereby isolating each zone from adjacent zones. This permits 

production of fluids from some zones but not others, and is extremely useful when 
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certain zones of the well are producing more water than others, or are producing 

harmful or corrosive production fluids. In such cases, zones producing undesirable 

production fluids, or low quantities of hydrocarbons, can be closed off, and 

production can be increased from the zones that produce the highest ratios of 

usable production fluids. 5 

 

Referring now to figures 2 to 4, the barrier device 10 typically comprises a flapper 

valve having a flapper 12, which is typically pivotally attached on one side of the 

axis X of the bore, and which can typically move pivotally through at least 180°, so 

that it can adopt an open position as shown in figs 2 and 3, where the flapper is 10 

essentially parallel to the axis X of the central bore in the tool string, or it can be 

rotated through 90°, so that the flapper 12 adopts a position perpendicular to the 

axis X, so that it occludes the central bore of the tool string 1.   Typically the flapper 

12 can adopt a second open configuration that is at least a 180° rotation from its 

initial open configuration. One optional design of flapper is our Autostim valve, 15 

described in WO2007/125335, which is incorporated herein by reference. 

 

The flapper 12 is typically retained by an upper sleeve 14, and a lower sleeve 15, 

which slide axially within the bore of the tool string 1 to control and support the 

flapper 12 in its different open and closed configurations. 20 

 

The movement of the flapper 12 is controlled by a control mechanism which 

includes (in this example) an RFID antenna 20 having a through bore that is coaxial 

with an axis X of the tool string 1, and which is typically located upstream of the 

flapper 12 in the barrier device 10. The RFID antenna 20 is configured to sense the 25 

passage of an RFID tag through the central bore of the antenna 20, and to trigger a 

switch such as a fuse 17, which connects a fluid conduit 18 to a reservoir 16, and 

permits the communication of pressure in the central bore of the tool string 1 with 

an annular chamber 19 formed radially outside a sealed area of the upper sleeve 14.  

The upper sleeve 14 retains the flapper 12 in the first open configuration shown in 30 

figure 3.  Communication of the pressure into the annular chamber 19 moves the 

sleeve 14 upwards from the position shown in figure 3, so that the lower end of the 
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sleeve 14 clears the flapper 12, allowing the flapper to swing around its pivot point 

under the force of the fluid in the bore, or under the force of a spring in some cases, 

and seal against the seat formed by the upper surface of the lower sleeve 15. This 

effectively closes the bore through the barrier device 10, denying fluid 

communication past the flapper 12.  The sleeve 15 cannot move axially in the bore 5 

at this point, so the flapper 12 is held in the closed configuration seated on the 

sleeve 15, and perpendicular to the axis X through the central bore of the barrier 

device 10. 

 

Referring now to figure 5, the port sub has a selectively actuable port 30 which 10 

comprises a sliding sleeve valve having a sleeve 32, formed with an annular 

arrangement of apertures 33 that move in and out of register with a side port 35 in 

the wall of the tool string 1 as the sleeve 32 slides axially within the bore.  The 

sleeve 32 typically does not move until activated.  Typically the sliding sleeve used 

can be our ARID (advanced reservoir isolation device).  Activation is typically 15 

accomplished by the passage of an RFID tag through an antenna 40 having a bore 

that is coaxial with the axis X of the drill string 1.  The RFID tag that activates the 

port 30 can typically be the same RFID tag that activates the reader 20, and controls 

the movement of the barrier device 10.  Passage of the tag through the antenna 40 

typically shifts the port 30 into a pressure pulse mode in which it is configured to 20 

recognise and react to pressure pulses in the bore fluid, which are used to trigger 

the movement of the sleeve 32.   

 

The control mechanism for the port 30 typically has a reservoir 36, connected to a 

sealed annular chamber via a fuse 37, essentially as previously described for the 25 

barrier device 10.  While the fuse 37 is intact, the fluid from the reservoir 36 cannot 

be transmitted to the sleeve 32.  The fuse 37 can be activated to open the port 30 in 

a number of different ways, e.g. RFID tags, pressure pulses, or a combination of the 

two.  Typically, passage of the RFID tags (which can be the same as or different from 

the tags that activate the barrier device 10) through the antenna 40 activates the 30 

control mechanism to blow the fuse 37, which connects the passages between the 

reservoir 36 and the sleeve 32.  A piston in the reservoir can then be urged by a 



 

 

 18  

 

control mechanism for the port 30, allowing pressure from the reservoir to 

communicate with the sleeve 32 when the port 30 is to be opened.  Typically the 

movement of the piston to pressurise the reservoir and drive the movement of the 

sleeve 32 can be triggered by pressure pulses detected by the pressure transducer 

38, and passed to the controller.   Irrespective of the activation sequence, the sleeve 5 

32 then moves up the bore of the tool string 1 under the pressure from the 

reservoir, the sealed apertures 33 move into alignment with the ports 35, allowing 

direct communication from the inner bore to the outer surface of the tool string 1, 

through the aligned apertures 33 and ports 35.  This allows circulation of fluid from 

the surface through the bore and out through the ports 35, into either the annulus 10 

or the formation.  Thus once the ports 35 are opened and the flapper 12 closed, the 

formation can be subjected to frac’ing or other injection treatment, or circulation of 

fluid back to surface via the annulus.  Instead of being programmed to react to RFID 

signals from dropped tags, the controller can optionally be programmed to blow the 

fuse 37 (and optionally move the sleeve) in reaction to pressure cycles received by 15 

the transducer 38.  In some circumstances, the controller can be programmed to 

react to an RFID tag dropped from surface by activating the pressure transducer to 

look for pulses before blowing the fuse 37.  Accordingly different triggering 

mechanisms can be used for the opening of the port 30. 

 20 

A suitable design of RFID antenna that could be used for certain examples of this 

invention is disclosed in our earlier patent application WO2006/051250, which is 

incorporated herein by reference.  The invention can be performed by using other 

triggering mechanisms to change the configurations of the flapper 12. 

 25 

The RFID tag typically communicates a binary code to the control mechanism, which 

may optionally be contained (e.g. programmed) within the memory of the tag.   A 

suitable design of tag will be known to one skilled in the art, and is disclosed in our 

earlier patent application number WO2006/051250.  The RFID tag can typically 

contain: an address that can optionally be recognised only by one (or a few) 30 

designated control mechanism in one particular zone, for example the reader 20 

configured to control the barrier device in zone 1 only; a command for the tools 
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connected to the control mechanism in that zone, for example the command carried 

by the RFID tag  for the reader 20 could optionally be "close flapper and then open 

flapper after a time delay of 2 hours if a valid pressure signature is detected".   The 

same tag data could have a different message for the antenna 40, which could be 

“react to pressure pulses by opening sleeve”.   5 

 

The RFID tag can optionally also carry additional command modifiers, which can 

typically provide context and additional detail to the commands. For example, a 

command modifier carried by the tag could optionally give further information 

about the set sequence before the “open flapper” command could be carried out.  In 10 

the present example, the command modifiers require a particular change in 

amplitude of pressure that must be present before the "open" command can be 

followed by the flapper. Likewise, the command modifiers could include a minimum 

time period for the amplitude of pressure to be held before the “open” command can 

be carried out. Likewise, the command modifiers can optionally include details of a 15 

time delay before the “open flapper” command can be carried out.  

 

Current designs of RFID tag typically carry around 20 to 25 bytes of information.  

Many suitable RFID tags for use in various examples of the invention are 

manufactured by Texas Instruments. Programming techniques for programming the 20 

tags with the necessary address, command, and command modifier data are well 

known, and are published, for example, by Texas Instruments at 

http://www.ti.com/lit/ug/scbu018/scbu018.pdf, the disclosure of which is 

incorporated herein by reference. 

 25 

Accordingly, the passage of the RFID tag through the antenna 20 typically triggers 

the control mechanism of the assembly to close the flapper 12 by triggering the 

“close flapper” fuse 17 in the manner above described after a set sequence such as a 

set delay that is typically determined by a command or a command modifier that is 

optionally encoded in the RFID, or is optionally pre-programmed into the control 30 

mechanism before running into the hole.   
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In addition, the passage of the RFID tag through the antenna 20 typically instructs 

the control mechanism to trigger a second “open flapper” fuse 13 at a set time 

interval after triggering the “close flapper” fuse 17.  Fuse 13 is typically arranged in 

a similar manner to fuse 17, but is operatively connected to the lower sleeve 15, 

against which the closed flapper 12 is seated in the closed position.  Typically the 5 

fuse 13 is triggered to blow and thereby connect a reservoir with a fluid supply 

conduit adapted to move the lower sleeve 15 in a similar manner as described for 

the upper sleeve 14, after a time delay following the receipt of a valid pressure 

signature during the “closed flapper” injection period, as specified by the control 

mechanism.   10 

 

The triggering of the “open flapper” fuse for the lower sleeve 15 requires the 

pressure sensors (not shown in this section but connected to port 11) provided in 

the control mechanism to receive and recognise a pressure signature in the fluid 

conveyed (e.g. being injected) through the bore of the tool string 1.  The pressure 15 

signature in the fluid must include a minimum change in pressure over a minimum 

time period (i.e. a minimum rate of change of pressure).  Optionally, after the 

minimum time period has elapsed, and the change in pressure has been detected 

over that minimum time period, the logic sequence programmed into the control 

mechanism typically also requires an delay before the lower sleeve 15 is moved, 20 

allowing the flapper 12 to continue rotation around its pivot point until it is 

displaced at least 180° away from its original fig 3 starting position.  In the 180° 

displaced configuration after the movement of the lower sleeve 15, the flapper 12 is 

again in parallel configuration with respect to the axis X, and no longer blocks the 

bore, allowing free communication through the bore, and circulation of fluid from 25 

the surface.  The time delay for the lower sleeve movement can be encoded in the 

same RFID tag that passes through the reader 20, but the instruction given to the 

sleeve 15 by the control mechanism can be different, to provide a closed period 

when the flapper is seated against the lower sleeve 15 in the closed position, to 

divert the injected fluid through the port for injection procedures.  Hence for an 30 

injection time of 2 hours, the command given by the control mechanism to the lower 

sleeve after receipt of the pressure signature might be “open 2 hours after a valid 
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pressure signature is received”.  The time delays can be configured to the particular 

well conditions that prevail and can be modified in different examples of the 

invention.  Time delays of between 30 minutes and 36 hours are likely to be useful 

in certain injection operations.   

 5 

Since the pressure signature to control the barrier device can be given during the 

injection operation, time is saved by omitting a separate signal transfer step in the 

process.  Also, the pressure signature can be relatively long, and can optionally last 

for most or all of the injection treatment, so the signature can be made more 

distinctive, with a high signal to noise ratio, and more tools can be controlled in the 10 

well using different signatures that vary their parameters without reduced risks of 

inadvertent activation of the wrong tool due to confusingly similar signatures.  

 

Sending the signal during the injection operation is of course only one option, and 

can be varied in different examples, in which any treatment operation can be carried 15 

out separately from any pressure signature sent. Typically in injection operations, 

the pressure signature can be sent separately between the mini frac and the main 

frac. 

 

Until the pressure signature is received and recognised by the closed barrier device, 20 

the lower sleeve 15 does not move and the flapper 12 remains pressed against it, in 

a state of waiting for the pressure signature.  In such a state, the barrier device 10 

remains closed indefinitely, and will not open the bore until a valid pressure 

signature is received and recognised.  The pressure signature is typically 

transmitted from the surface, through the fluid in the bore, and is advantageously 25 

transmitted while the fluid is being injected into the well. 

 

With reference now to figure 7, the tool string 1 is run into the hole in the 

configuration shown in fig 7a.  The flapper 12 is in its first open position, and is 

retained there by the upper sleeve 14, which is in its lower position, preventing 30 

swinging movement of the flapper 12, and allowing full bore access through the 

upper sleeve 14.  The lower sleeve 15 is in its upper position, ready to seat the 
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flapper 12 when it closes. The sleeve 32 is in its lower position, and the apertures 33 

are not in register with the ports 35, so no fluid communication is permitted across 

the selectively actuable port 30. 

 

After being run in the Fig 7a configuration, an RFID tag is circulated through the 5 

central bore of the drill string. The RFID tag passes through the central bore of the 

reader 40 and the reader 20, and signals the control mechanism to close the flapper 

12, and to activate the sleeve 32 after a time delay to receive and react to pressure 

changes in the bore. The time delay is typically coded in the command modifier that 

is programmed in the RFID tag.  For example, the time delay between flapper closing 10 

and the sleeve activating might be 10 minutes, and this can be coded in the RFID tag 

or stored in the memory of the control mechanism. 

 

After dropping the tag through the bore in the open configuration as shown in fig 7a, 

the flapper closes as shown in fig 7b, and after the coded time delay, pressure 15 

readings are taken at sequential 10 second intervals.  In this configuration, provided 

that a pressure sequence of pressure pulses is received by the pressure transducer 

38, the sleeve 32 moves up so that the apertures 33 are in register with the ports 35, 

and communication is possible across the port 30.  The assembly is then in the 

configuration shown in fig 7c.  This allows circulation of the fluid from surface 20 

through the central bore of the tool string 1, which flows directly through the 

apertures 33 and ports 35 for injection into the formation, or into the annulus for 

clean-up operations. The bore remains closed at the flapper 12, which seats on the 

upper surface of the lower sleeve 15. 

 25 

During the injection operation, while the pressure readings are being taken at 10 

second intervals, the pressure signature is conveyed in the bore fluid being injected 

through the bore of the tool string 1, through the ports 35, and into the formation.  A 

typical pressure signature is illustrated graphically in Fig 14.  Consecutive pressure 

readings (shown immediately  adjacent to one another on the graph of Fig 14) are 30 

compared by the controller to determine whether the required minimum change in 

pressure is occurring in the 10 second interval between the samples. Before the 
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pressure signature is transmitted, the controller recognises the pressure readings at 

S0 as invalid pressure signatures, with insufficient rates of change in pressure 

between adjacent 10s readings, and takes no action.  The pressure signature 

commences with the initiation of the frac procedure at point T0, and adjacent 10s 

pressure readings between the points T0 and T1 which meet the required minimum 5 

rate of change criteria are recognised as valid pressure signatures by the controller.  

Optionally the controller is programmed to sample 5 sequential and contiguous 

samples and to initiate action on the 3rd positive sample, with the start time of the 

action being set as the first positive sample in the contiguous chain of positive 

samples.  Hence the controller initiates a positive reaction as a result of the three 10 

consecutive positive readings, but in other examples of the invention, two 

consecutive pressure readings showing the necessary rate of change can be 

sufficient to register as a valid pressure signature, and to trigger the appropriate 

response in the tool,   In typical examples, the minimum rate of change of pressure 

required to constitute a valid pressure signature is usually between 200psi/min and 15 

500 psi/min (approx. 1.38 and 3.45 MPa/min), e.g. between 300 and 400 psi/min 

(approx. 2.07 and 2.76  MPa/min), and in this example, the minimum required rate 

is 350psi/min (approx. 2.41 MPa/min).  A suitable range of alternative rates of 

change might range from around 100psi/min to 1000psi/min (approx. 0.69 to 6.89 

MPa/min).  The parameters of the minimum rate of change can be altered in 20 

different examples of the invention, and the control mechanism can be configured to 

recognise and react to the minimum rate of pressure change for each case. 

 

Optionally, the pressure signature has a pressure change P1, which is optionally 

held for a minimum time period Tp.   25 

 

The pressure signature is received by the pressure sensors in the control 

mechanism, and when a valid pressure signature has been received, the assembly is 

commanded by the control mechanism to open the flapper 12 after a time delay.  If 

bad weather or an incomplete injection operation is encountered, the pressure 30 

signature can be aborted after starting, and provided that the complete pressure 

signature has not been delivered, the assembly will remain in the fig 7c 
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configuration, with the flapper 12 closed and the sleeve 32 open, allowing a later 

attempt at a repeat injection operation, or other intervention if required. The 

activation signal can also be cancelled after being sent by sending a cancellation 

signal comprising a number of pulses (typically greater in number than the 

activation signal) before a cancellation delay has elapsed. The fig 7c configuration 5 

can be left for days or weeks before a second initiation of the pressure signature to 

continue with the injection operations in this zone or further up the bore.  Once the 

pressure signature has been delivered via the injection fluid, the lower sleeve 15 is 

commanded to move down the bore to clear the flapper 12, which swings around its 

pivot point to the second open position shown in fig 7d, which still allows full bore 10 

access in the event of intervention being required below the flapper 12.  

 

The sleeve 32 typically remains open. This concludes the injection treatment for 

zone one, and different zones for example zone 2, or zone 3, or a different zone in 

the well can then be treated in the same way by dropping an RFID tag through the 15 

central bore of the tool string 1 from the surface, to initiate the process for a 

separate zone. 

 

Accordingly, different zones of the well can then be injected in a controlled manner, 

and the tools in the well can be controlled using highly specific and complex 20 

signatures addressed more specifically to the intended tool, and which allows a 

lower risk of cross recognition between tools in different zones in the well, and 

which are not triggered by more traditional pressure pulse operations to trigger 

other tools. Therefore, the different zones can be addressed and treated with 

greater accuracy, and more zones can reliably be treated and then produced in a 25 

controlled manner. 

 

Referring now to figs 8 to 13, the sequence of operation is shown schematically for a 

3-zone well.  The tool string is run into the hole to total depth, and landed in place, 

with each production zone having at least one sleeve, and typically also at least one 30 

barrier device as shown in figure 8.  In the run in configuration, all sleeves are 

typically closed, and all barriers are typically open, allowing full bore access into the 



 

 

 25  

 

well.  Each sleeve typically covers a selectively actuable port, and each barrier 

typically comprises a flapper.  Sleeve 1 at the lower end is initially programmed 

when run in to receive and react to an "open" signal transmitted through the fluid in 

the bore.  Typically the "open" signal is a series of pressure pulses, for example 3x 

pressure pulses each lasting for three minutes. The pressure pulses typically require 5 

a specific rate of change in pressure measured within the window, and the required 

number of repetitions before the sleeve recognises the pressure pulses as a valid 

'open" signal.  In the run in configuration, barrier 2 is typically programmed to 

receive and react to five-minute pressure pulses, but the command signal from the 

pressure pulses is typically interpreted by barrier 2 as an instruction to activate the 10 

barrier 2 RFID reader.  Prior to receiving the pressure pulses which open sleeve 1 

and switch barrier 2 to RFID detection, barrier 2 is typically non-responsive to RFID 

tags, even carrying a valid signal.  

 

Typically the sleeve 2 above barrier 2 is also run in already configured to detect and 15 

react to pressure pulses in the fluid, but typically the pressure pulses required to 

deliver a valid signal to sleeve 2 are different from the pressure pulses required to 

deliver a valid signal to sleeve 1.  For example, in this example, the pressure pulses 

required to deliver a valid signal to open sleeve 2 are 5 minute pressure pulses, 

typically consisting of a series of 3x 5 minute pressure pulses having a particular 20 

rate of change in a particular time window.  Accordingly, the 3 minute pressure 

pulses which activate and change the configuration of barrier 2 and sleeve 1 do not 

affect sleeve 2.  Barrier 3 and sleeve 3 are typically run into the hole in a hibernating 

condition, and do not (at this time) react to the pressure pulses used to change the 

configuration of the lower sleeves and barriers. 25 

 

Once the pressure pulses have been delivered to the fig 1 assembly and sleeve 1 is 

open as shown in figure 9, this allows a frac'ing or other injection operation to be 

conducted in zone 1, allowing fluid to be pumped through the bore of the assembly, 

and be injected into the formation through the port previously covered by sleeve 1.  30 

The frac’ing operation or other injection operation can continue until determined by 

the operator at the surface.  Barrier 2 is typically run in from surface pre- 
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programmed to receive and react to RFID signals.  Thus, when the frac operation has 

concluded for zone 1, an RFID tag is dropped to change the configuration of barrier 

2, which has an activated RFID reader, and is looking for the required RFID signal 

from the dropped tag in order to change the configuration of the flapper from open 

to closed.  Since barrier 2 has a different address to the other barriers in the well, 5 

the RFID tag only instructs the change and configuration of barrier 2, and it is 

typically ignored by the other barriers in the well.  This configuration is shown in 

figure 10.  

 

The tags dropped through the well during the frac’ing operation on zone 1 also 10 

instructed barrier 2 to close after a specific time delay and then enter a different 

mode which programs the pressure sensor in the barrier 2 to look for the pressure 

signature coded in the frac fluid.  The same tag typically instructs sleeve 2 (which 

typically has the same address) to look for pressure cycles (typically five-minute 

pressure cycles as previously described), and instructs sleeve 2 to open after 15 

receiving the correct sequence of pressure cycles.  Optionally sleeve 2 can be run 

into the hole already configured to look for pressure cycles. 

 

Accordingly, barrier 2 then closes after the required time delay following the RFID 

signal, thereby closing off the bore below barrier 2.  At this stage,  the well can be 20 

left dormant  in a safe state if weather conditions are not favourable, or if the supply 

boats required for the frac operations need to return to port for re-supply. After any 

dormant period, pressure cycles are then applied to open sleeve 2, and zone 2 can 

then be frac'ed or otherwise treated by injection through the aperture exposed by 

sleeve 2 as shown in figure 12.  The injection fluid is used to transmit the pressure 25 

signature (shown in Fig 14) to barrier 2, which is triggered to open after a particular 

delay by the pressure signature used, or by the RFID tag previously dropped, or by a 

command profile that is saved in the memory of the barrier 2 control mechanism.  

 

As shown in figure 13, the zone 2 barrier then typically opens after the fixed delay 30 

allowing production of fluids at a later stage.  A recirculation pathway is provided 

through the open sleeve 2, allowing the dropping of further tags to close barrier 3 in 
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the same manner as described with respect to figure 10.  The process can be 

continued in subsequent zones in the well. 

 

A further example of the invention is described with reference to figures 15-30.  

Figure 15 shows a schematic arrangement of a completion string run into a multi-5 

zone well.  Figures 16 to 23 show a sequential series of views of a flow chart of the 

steps taken to treat the different zones of the well with a frac treatment.  These 

figures should be viewed with reference to Fig 24, which shows the different actions 

taken and the activation status of the different tools in each stage.  

 10 

The completion string shown in figure 15 is run into the well (in step 0) with the 

sleeves (marked ARID or AS in the figures) closed and the flappers (marked 

autostim or AV in the figures) open.  In zones 1 and 2 the sleeves 1 and 2 and flapper 

2 are configured on running in to detect and react to 3 minute pressure pulse signals 

in the wellbore fluid as shown in Fig 16. Typically all other tools in the string (in 15 

zones 3-9) are run into the hole in hibernation for a set period configured at the 

surface, typically 6 months (although this can be varied in different embodiments). 

Upon activation, the hibernating tools are configured to detect and react to pressure 

pulses as shown in Fig 24.   Each tool typically has a control mechanism configured 

to control the operation of the tool dependent on the pressure signatures, pressure 20 

cycles in the well, and RFID tags dropped from surface. 

 

After the string has been run into the hole in step 0, and communication through the 

string has been established, the through bore beneath the sleeve in zone 1 is closed, 

typically by a dart or ball that is dropped from surface. Alternatively, another 25 

flapper similar to the autostim flappers could be provided in the string for this 

purpose.  At this point, the liner hangar at the top of the string is set, and the packers 

isolating adjacent zones begin to swell to isolate the zones, the upper completion 

and well head are installed and tested (typically taking up to 6 weeks to do so). 

 30 

Zone 1 : Fig 16 
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When the completion string is installed and zone 1 is to be treated, the sleeve in 

zone 1 is opened by a sequence of 3 minute pressure pulses which are generated in 

the fluid in the string as step 1, and which signals to sleeve 1 to open, typically after 

a delay, e.g. a 60 minute delay, and signals to sleeve 2 and flapper 2 to switch to tag 

mode, i.e. to detect and react to RFID tags passing through the antenna in the 5 

wellbore.   The 3 minute pressure pulses have no effect on the sleeves and flappers 

in the other higher zones of the well, as they are all in hibernation and do not detect 

the pulses. See figure 24 which shows the activation status of the tools in the string 

at different stages of the process.  

 10 

If sleeve 1 fails to open, the pressure pulse signal can be repeated, and if still 

unsuccessful, the tools in zone 1 and 2 (and in other zones) can be programmed to 

enter a contingency operation shown in fig 25, which can be varied in different 

situations to suit the well conditions, but in the example shown comprises coiled 

tubing intervention from the surface to manually open sleeve 1 typically by 15 

engaging the sleeve with a shifting tool on the coiled tubing, and pulling up from the 

surface. 

 

Once sleeve 1 is open, a conduit is provided for fluid between the wellbore and the 

formation in zone 1 through the open sleeve, zone 1 can be stimulated by frac 20 

treatments injected into the well. In preparation for this, the surface equipment is 

rigged for frac treatment, and RFID tags are loaded into a launcher at the surface for 

deployment into the well. A series of frac treatments are then conducted, including 

typically at least one “mini-frac” treatment involving the injection of a test fluid such 

as water into the well and through the sleeve into the formation in order to test the 25 

formation properties prior to the main frac treatment. At this mini-frac stage, the 

operator can check for pressure build up and release profiles in the zone so that the 

main frac treatment can be more accurately tailored for the particular requirements 

of the zone.  

 30 

When the operator is satisfied with the data collected and the main frac treatment 

has been configured using the data, the main frac treatment for zone 1 (typically 



 

 

 29  

 

including proppant) can be delivered through the completion string. The different 

frac treatments typically stimulate production of fluids from zone 1, and may result 

in enhanced recovery of usable production fluids containing higher levels of 

valuable hydrocarbons from the zone. Frac treatments of zone 1 can be repeated or 

varied in order to stimulate later production of the zone.  5 

 

Optionally, produced fluids can be recovered from zone 1 flow through the open 

sleeve 1 and into the wellbore, for recovery to the surface, being deflected upwards 

in the completion string (usually within production tubing arranged concentrically 

in the completion string) by the plug on the end of the string.  However, in this 10 

example, at least zones 1 and 2 of the well are typically frac’ed sequentially, before 

production of any zone begins. 

 

Zone 2 : Fig 17 

Typically RFID tags are loaded in a launcher at the surface and are delivered in step 15 

2 with or shortly before the final frac treatment of zone 1, and carry a signal as 

shown in figure 17 to flapper 2 and sleeve 2 (which have active antennae operating 

in tag mode as a result of the earlier 3 minute pressure cycles) in zone 2. At this 

point, sleeve 2 is closed, and flapper 2 is open.  Sleeve 1 is open following the 3m 

pressure pulses of step 1, providing a circulation pathway for the fluid carrying the 20 

tags.  The RFID tags delivered with the main frac treatment in zone 1 are detected 

by the antennae on flapper 2 and sleeve 2 within zone 2.  The RFID tags instruct 

flapper 2 to close after a delay (e.g. 3 hrs) and switch to Acti-frac detect mode in 

which it is configured to detect and react to pressure signatures in the wellbore fluid 

in accordance with the invention comprising a minimum rate of change of pressure 25 

after the flapper closes.  The tags also switch sleeve 2 to detect and react to 3 minute 

pressure pulses, and to open after detecting 3 minute pressure pulses. The tags 

could optionally switch the sleeve to react to different sequences of pressure pulses, 

e.g. 3, 5 or 7 minute pressure pulses or some other sequence, which could be 

programmed into the firmware of the sleeve, and activated by the passage of the tag.  30 

The instructions included on the RFID tag typically incorporate a delay instruction 

(or this delay can be programmed into the tool when running in) before flapper 2 is 
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closed, which can vary in different examples of the invention depending on the 

complexity of the well and the time needed to complete the frac operation.  

 

Typically the RFID tags carrying these instructions are launched into the well near 

to the end of the frac operation of zone 1, when enough proppant has been injected 5 

into the formation for a satisfactory frac treatment of the zone, and when it is 

possible to estimate the remaining time to conclude the frac operation on zone 1 

with reasonable certainty so that all frac operations can be concluded within the 

delay period, before the flapper closes. A typical delay included on the coding of the 

RFID tags might be 3 to 4 hours, but can be varied. Once the RFID tags have been 10 

launched with the main frac treatment of zone 1, and the countdown has 

commenced to the close of flapper 2 to close off zone 1, the wellbore can be flushed 

to displace any residual proppant in the borehole below flapper 2.  

 

After closure of flapper 2, and testing of the integrity of the seal (typically by holding 15 

pressure against the closed flapper 2), 3 minute pressure pulses are then applied in 

step 3 to the closed system in order to open sleeve 2 above the closed flapper in 

zone 2. The pressure pulses can be repeated if sleeve 2 fails to open, and if repeated 

pressure pulse signals do not achieve opening, sleeve 2 can be opened manually 

using coiled tubing as shown in figure 25. 20 

 

Once sleeve 2 has opened, the flapper at the bottom end of zone 2 is closed and is 

configured to detect and react to a pressure signature in the wellbore fluid in 

accordance with the invention to change its configuration. Sleeve 2 is open, allowing 

frac treatments to be carried out on zone 2 in order to stimulate production from 25 

zone 2 in the same way as is described above in respect of zone 1, typically 

commencing with a number of test procedures, optionally including a mini-frac 

treatment to assess the reservoir qualities of zone 2. This may optionally include 

breakdown treatments and chemical injection in order to enhance the quantity or 

quality of valuable production fluids produced from the reservoir of zone 2, and to 30 

assess the pressure build up and release profiles of the zone.  
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During (or typically before) the final frac treatment is applied to zone 2, a pressure 

signature (referred to as “actifrac” in the figures) in accordance with the invention is 

transmitted in the fluid being injected into the well during the frac operations at 

step 4.  The pressure signature comprises a minimum rate of pressure change in the 

injected fluid. A typical pressure signature applied to the fluid is shown in figure 26. 5 

Starting from a baseline pressure of 700 psi (approx. 4.83 MPa/min), the pressure is 

rapidly increased from the surface pumps at a minimum rate of 350 psi/min 

(approx. 2.41 MPa/min), and is sampled by a pressure gauge (typically located in 

the zone) at 10 second intervals. Typically, the pressure spikes at between around 

2000 and 3000 psi (approx. 13.79 and 20.68 MPa), although the actual pressure 10 

reached is variable in different examples of the invention, because the controller 

typically takes the valid signature from the rate of increase rather than the quantum 

of the pressure reached. The controller is configured (typically by being 

programmed at the surface before running into the hole) to react to 3 pressure 

cycles matching the required minimum rate profile shown in figure 26.  15 

 

Typically 5 cycles are pumped from the surface, each lasting approximately 30 

seconds, and at intervals of approximately 17 minutes between each pressure cycle, 

and the first 3 consecutive cycles that are recognised by the controller constitute a 

valid actifrac pressure signature according to the invention sufficient to change the 20 

configuration of flapper 2. Flapper 2 is configured to open following a delay 

(typically 2 days) after receiving a valid pressure signature, such as that shown in 

figure 26 having a minimum rate of change. Opening of flapper 2 re-establishes the 

conduit for circulation of fluid through the well bore. If flapper 2 fails to open, the 

contingency operation as shown in figure 25 is to run into the hole with a prong on 25 

coiled tubing or the like, and to smash the closed flapper into an open configuration.  

As can be seen in figure 24, subsequent actions taken on the well have no effect on 

the configuration of the tools in zones 1 and 2 after this point, which remain in the 

same open configuration for the remainder of the life of the well. 

 30 

The well is then in the configuration shown at the bottom of Figure 17, with flapper 

2 open, sleeves 1 and 2 open and the remaining sleeves closed.  At this stage, the 
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wellbore can be flushed to displace any residual proppant remaining in the wellbore 

below flapper 3.  

 

The well can then be produced from zones 1 and 2 for an extended period, usually 

lasting for the hibernation period of the remaining zones.  Alternatively, the well can 5 

be flowed in an extended well test prior to frac’ing of the remaining zones.  The 

hibernation period of the remaining zones can be controlled in different examples to 

extend for different lengths of time. 

 

Zone 3 : Fig 18 10 

The remaining zones above zone 2 are treated in a similar manner, having tools that 

are run into the hole in hibernation, and which are programmed to activate after the 

hibernation period (for example 6 months, but this period can be varied by the 

operator in different examples of the invention) in pressure pulse mode being 

programmed to detect and react to pressure pulses. Typically the tools in each zone 15 

are programmed at surface before running in to detect and react to pressure pulses 

with different characteristics once they are activated after the hibernation period. 

For example, the tools in zone 3 can be programmed to detect and react to 3 minute 

pressure pulses (for example having a three-minute period between initiation of 

pressure increase, and fall of pressure after being held). The tools in zone 4 can be 20 

programmed to react to five-minute pressure pulses, and in zone 5, the tools can be 

programmed to react to 7 minute pressure pulses. Accordingly, different pressure 

pulses signals can be generated in the wellbore fluid in order to activate specific 

zones in the well. 

 25 

After the hibernation period, all flappers are open, and the sleeves above flapper 3 

closed (typically the sleeves below the active zone remain open after production 

moves up a zone).  

 

Before the well is frac’ed in zone 3, the flapper in zone 3 is typically shifted from 30 

open to closed. This is typically achieved by step 5 of sending a pressure signature 

(actifrac) constituting a minimum rate of pressure increase, in accordance with the 
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invention, and typically as shown in figure 26. Flapper 3 is programmed to close on 

receipt of a valid pressure signature of this nature, after a programmed delay, which 

in this case is approximately 60 minutes.  If it does not close, then it is closed 

manually according to the contingency operation shown in Fig 25, using coiled 

tubing. 5 

 

After the flapper has closed below zone 3, the wellbore is pressured up to confirm 

closure of flapper 3 and to verify the closed system above it. The 3 minute pressure 

pulses are then applied from the surface in step 6 to shift sleeve 3 from closed to 

open  (typically after a delay of 30 mins or some other time) and optionally to 10 

activate all of the antennae in the tools above the zone 3 up to the flapper in zone 6 

to detect and react to RFID tags in the wellbore. Typically, depending on the 

hibernation time period, the tools in the string above zone 3 can optionally remain 

in tag mode, searching for RFID tags for approximately 30 to 40 days dependent on 

battery life. However, in certain examples, the 3 minute pressure pulses can be used 15 

to activate only certain zones, for example zones 3 to 6, whereas other zones, 7, 8 

and 9 for example, can typically be programmed to activate only when a different 

pressure pulse is transmitted, for example 5 minutes or 7 minutes in period. 

Optionally, higher zones can be left in hibernation for longer periods than lower 

zones, which saves on battery life.  20 

 

Typically, while only one sequence of pressure pulses is sufficient to activate the 

antennae and open sleeve 3, the pulses are repeated a number of times (for example 

7 times), until sleeve 3 is observed to open. If the sleeve does not open, and repeat 

pressure pulse cycles have failed to remedy the situation, the contingency is 25 

typically to use coiled tubing and a shifting tool to mechanically open the sleeve (see 

figure 25). 

 

At this stage, the flapper 3 is closed and is configured to detect and react to pressure 

signatures in accordance with the invention (i.e. typically as shown in figure 26); 30 

sleeve 3 is open, and zone 3 can then be treated by injection of fluids and/or frac 

treatment to stimulate later production from the zone as previously described.  
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Typically  the mini frac treatment is followed by (in step 7) an actifrac pressure 

signature in accordance with the invention, which is transmitted in the fluid injected 

through the string as part of the frac treatment injection operations in zone 3. 

Typically the pressure signature is in accordance with the profile shown in figure 

26. This instructs flapper 3 to open after a delay, which can typically be about 3 5 

hours as previously described.  In the present example, a longer delay between the 

transmission and recognition of a valid pressure signature as shown in figure 24 

and the opening of the flapper can be 10 days, and the pressure signature can be 

transmitted during the frac procedure at a relatively early stage in the frac 

treatment of zone 3, allowing a sufficient length of time to complete the frac 10 

treatment in zone 3.  After the actifrac pressure signature in accordance with the 

invention as shown in figure 26, the main frac is carried out to inject proppant into 

the formation in zone 3, while the flapper 3 is still closed.   

 

After the main frac treatment of stage 3, flapper 3 opens after its delay period, 15 

sleeves 1-3 are open, and the remaining sleeves above zone 3 are closed. 

 

Zone 4 : Fig 19 

The 3 minute pressure pulses of step 6 have previously activated the antennae of 

the sleeves and flappers above zone 3 and up to the flapper of zone 6, which are 20 

then programmed to respond to RFID tags. Specifically, in this example, the pressure 

pulses of step 6 activated the RFID receiving-antennae of the flapper and sleeve in 

zones 4 and 5, and the flapper of zone 6. 

 

To initiate zone 4 frac treatment, RFID tags are loaded into the launcher at the 25 

surface in step 8 and pumped through the string. The tags are addressed to flapper 

4, and they instruct flapper 4 to close and enter ActiFrac frac detect mode to detect 

and react to a pressure signature transmitted in the wellbore fluid in accordance 

with the invention. The tags of step 8 also switch sleeve 4 to pressure pulse mode, to 

detect and react to 3min pressure pulses (other intervals between pressure pulses 30 

could be programmed into the firmware of the sleeve, which could be activated by 

the tag). Sleeve 4 is opened by a three-minute pressure pulse signal in step 9.  A 
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further pressure signature according to the invention as shown in figure 26 is then 

delivered through the wellbore fluid in step 10, which is received by flapper 4, 

which opens after a delay of 10 days (or some other period specified by the tags or 

when RIH).   

 5 

Zone 4 is frac’ed in the interim while flapper 4 is still closed.  Typically in the 

previously described sequence of a mini-frac, followed by an actifrac pressure 

signature in accordance with the invention (typically as shown in figure 26) to open 

flapper 4, which can be transmitted at a phase of frac treatment of zone 4 when the 

completion of frac treatment in that zone can be reliably estimated, as previously 10 

described.  The main frac of zone 4 comprising the injection of proppant then 

typically follows the actifrac pressure signature (or the two are combined) as the 

duration of the main frac treatment is usually reasonably quantifiable. 

 

After frac’ing of zone 4 is complete, the flapper 4 opens after its programmed delay.  15 

In this configuration, sleeves 1-4 are open and the sleeves above zone 4 are closed.  

Typically the operator can move up to frac zone 5 before the lower flapper of zone 4 

is still closed.   

 

If flapper 4 does not open in response to the pressure signature, it can be manually 20 

smashed with a prong on coiled tubing as previously described with reference to Fig 

25. 

 

Zone 5: Fig 19 

Zone 5 is produced in substantially the same way as zone 4. The sleeve and flapper 25 

in zone 5 are both in tag mode, their antennae having been activated by the pressure 

cycles in previous step 6. Tags are pumped from the surface in step 11, addressed to 

flapper 5, which close flapper 5 and instruct it to enter ActiFrac frac detect mode to 

detect and react to a pressure signature transmitted in the wellbore fluid in 

accordance with the invention.  Again the profile of the pressure signature is 30 

typically as shown in figure 26. The tags of step 11 also switch sleeve 5 to pressure 

pulse mode, to open after 3 minute pressure pulses. This step is useful so that sleeve 
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5 is dormant during frac’ing of zone 4, when earlier pressure pulses were used to 

open sleeve 4.  Sleeve 5 is then opened by a three-minute pressure pulse signal in 

step 12 pumped against the closed flapper.  This opens a conduit through the string 

and Zone 5 is frac’ed through the open sleeve 5 in the interim while flapper 5 is still 

closed.  Typically the frac treatments applied to zone 5 are as previously described, 5 

comprising a mini frac to  test the formation properties and compile the data 

necessary for setting the parameters of the main frac to inject proppant, followed by 

a further actifrac pressure signature according to the invention which is delivered 

through the injected wellbore fluid in step 13.  This actifrac pressure signature is 

detected by flapper 5, which opens after a delay of 10 days (or some other period).    10 

 

Typically, the pressure signature to open flapper 5 is transmitted between the mini 

and main fracs in zone 5.  In some examples, the pressure signature to open flapper 

5 can be transmitted at a phase of production of zone 5 when the completion of 

production operations in that zone can be reliably estimated, as previously 15 

described.  If flapper 5 does not open in response to the pressure signature, it can be 

manually smashed with a prong on coiled tubing as previously described.  Typically 

the main frac treatment to inject proppant into the formation in zone 5 is performed 

after the actifrac pressure signature. 

 20 

Additional zones can be completed in the manner described for zones 4 and 5 above.  

 

Zone 6: Fig 20 

Sleeve 6 and all sleeves and flappers in zones 7 and 8 have previously been run into 

the hole awaiting five-minute pressure pulses after awakening from hibernation. 25 

The flapper in zone 6 has been switched into tag mode by the pressure pulses in 

previous step 6. 

 

Zone 6 is initiated in step 14 by pumping tags from surface to close flapper 6. The 

step 14 tags instruct flapper 6 to close (optionally after a delay) and switch flapper 6 30 

to ActiFrac frac detect mode, so that it is programmed to detect and react to 

pressure signatures according to the invention  transmitted in the wellbore fluid.  
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Optionally the tags to close flapper 6 can be dropped as part of the frac operation in 

zone 5, typically in the last part of the frac operation. Optionally this flapper could 

be set up as per flapper 3. This could be used to allow a period of production or 

another extended well test.  Alternatively, the tags addressed to flapper 6 can be 5 

dropped following cessation of frac operations in zone 5. 

 

Once flapper 6 is closed, in step 15, a 5 minute pressure pulse signal is transmitted 

from the surface into the closed system. This 5 minute pressure pulse signal opens 

sleeve 6, and switches the sleeve and flapper of zone 7 and the flapper of zone 8 to 10 

tag mode, so that they detect and react to RFID tags dropped through the antennae. 

Typically, sleeve 6 opens after a delay, typically 40mins.  If sleeve 6 fails to open, the 

contingency is shown in Fig 25, using coiled tubing to open the sleeve manually. 

 

Zone 6 is frac’ed in the interim period, when flapper 6 is closed, and sleeve 6 is open, 15 

typically with breakdown treatments and mini-frac treatments as previously 

described, followed by an actifrac pressure signature according to the invention 

which is delivered through the injected frac treatment in step 16, typically followed 

by the main frac treatment to inject proppant into the formation in zone 6, as 

previously described for other zones.  The actifrac pressure signature transmitted in 20 

step 16 is typically as shown in figure 26.  It is detected by flapper 6, which reacts by 

opening after a delay of 10 days (or some other period e.g. 5 days).   The step 16 

actifrac pressure signature also switches sleeve 8 to look for 7 minute pressure 

pulses. Accordingly, after step 16, all tools above flapper 8 are configured to react to 

7 minute pressure pulses, as best shown in figure 24b. 25 

 

Zone 7 : Fig 21 

The 5 min pressure pulses in previous step 15 have already activated the antennae 

of the tools in zone 7, and flapper 8 which are all now searching for tags in the 

wellbore. 30 
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In step 17, RFID tags are then pumped from surface addressed to the flapper of zone 

7, instructing it to close after a delay and enter ActiFrac frac detect mode, so that it 

is programmed to detect and react to a pressure signature in the wellbore fluid in 

accordance with the invention (actifrac). The tags in step 17 typically also switch 

sleeve 7 into pressure pulse detect mode, so that sleeve 7 is then programmed to 5 

detect and react to 3 minute pressure pulse signals in the wellbore fluid. 

 

In step 18, sleeve 7 is opened by transmitting 3 minute pressure pulses into the 

wellbore fluid against the closed flapper 7. Once sleeve 7 opens as a result of the 3 

minute pressure pulses in step 18, the frac treatment of zone 7 can be carried out in 10 

a similar manner as is described above, typically comprising a mini frac treatment to 

assess the formation properties, and establish the correct parameters for the main 

frac treatment for zone 7, typically followed by the main frac treatment of zone 7 to 

inject proppant into the formation in zone 7, as previously described for other 

zones.  An actifrac pressure signature in accordance with the invention (as shown in 15 

figure 26) is transmitted in step 19 is detected by flapper 7, which reacts by opening 

after a delay of 10 days (or some other period, e.g. 5 days).  Typically the step 19 

actifrac pressure signature to open flapper 7 is transmitted near the completion of 

the frac operations in zone 7, typically just before or during the main frac treatment, 

as described above. 20 

  

Zone 8 : Fig 22  

Zones 8 and 9 are treated in the same way as zones 6 and 7, with different pressure 

pulse intervals being used to avoid premature activation of the tools in the higher 

zones (the tools in zones 8 and 9 react to pressure pulses  with 5 and 7 minute 25 

periods rather than 3 and 5 minute periods). 

  

In step 20 tags are pumped from surface addressed to flapper 8, which is in tag 

mode, having been switched by the pressure pulses in step 15 as described above. 

The step 18 tags instruct flapper 8 to close (optionally after a delay) and switch it to 30 

actifrac mode, so that it is programmed to detect and react to pressure pulses 

according to the invention, which are transmitted in the wellbore fluid.   
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Sleeve 8, and the sleeve and flapper in zone 9 have already been switched to react to 

7 minute pressure pulses by previous step 16. In step 21, the sleeve in zone 8 is 

opened by 7 minute pressure pulse cycles transmitted from the surface once the 

flapper in zone 7 is closed as a result of the tags in step 20. Sleeve 8 typically opens 5 

after a short delay, e.g. 60 minutes. If the sleeve does not open, the pressure pulses 

can be repeated, and/or the contingency operations shown in figure 25 can be 

employed. The 7 minute pressure pulses of step 21 also switch the flapper and 

sleeve in zone 9 into tag mode so that they detect and react to suitably addressed 

RFID tags in the wellbore. 10 

 

Zone 8 is frac’ed when flapper 8 is closed and sleeve 8 is open. The frac treatment 

applied to zone 8 is typically similar to that previously described for other zones, 

typically comprising a mini frac treatment to assess the formation properties, and to 

establish the parameters for the main frac treatment, typically followed by the main 15 

frac treatment of zone 7 to inject proppant into the formation in zone 8, as 

previously described for other zones.  An actifrac pressure signature in accordance 

with the invention (as shown in figure 26) is transmitted in step 22 is detected by 

flapper 8, which reacts by opening after a delay of 10 days (or some other period).  

Typically the step 22 actifrac pressure signature is transmitted near the completion 20 

of the frac operations in zone 8, typically just before or during the main frac 

treatment, as described above.  The actifrac pressure signature transmitted in step 

22 is detected by flapper 8, which reacts by opening after a delay of 10 days (or 

some other period).     

 25 

Zone 9: Fig 23 

The 7 min pressure pulses in previous step 21 have already activated the antennae 

of the tools in zone 9 which are now searching for tags in the wellbore. 

 

In step 23, RFID tags are then pumped from surface addressed to the flapper of zone 30 

9, instructing it to close after a delay and enter Actifrac detect mode, so that it is 

programmed to detect and react to a pressure signature in the wellbore fluid in 
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accordance with the invention (actifrac). The tags in step 22 typically also switch 

sleeve 9 into pressure pulse detect mode, so that sleeve 9 is then programmed to 

detect and react to 3 minute pressure pulse signals in the wellbore fluid. 

 

In step 24, after flapper 9 has closed, sleeve 9 is opened by transmitting 3 minute 5 

pressure pulses into the wellbore fluid against the closed flapper 9. Once sleeve 9 

opens as a result of the 3 minute pressure pulses in step 24, the frac treatment of 

zone 9 can be carried out in a similar manner as is described above, typically 

comprising a mini frac treatment to assess the formation properties, and establish 

the correct parameters for the main frac treatment for zone 9, typically followed by 10 

the main frac treatment of zone 9 to inject proppant into the formation, as 

previously described for other zones.  An actifrac pressure signature (typically as 

shown in figure 26) is transmitted in step 25 is detected by flapper 9, which reacts 

by opening after a delay of 10 days (or some other period).  Typically the step 25 

actifrac pressure signature is transmitted near the completion of the frac operations 15 

in zone 9, typically just before or during the main frac treatment, as described 

above. 

 

In each case, the actifrac pressure signature in accordance with the invention is 

typically as shown in figure 26, incorporating a minimum rate of change in the 20 

pressure transmitted in the wellbore fluid. Typically a valid pressure signature in 

accordance with the invention requires 3 spikes each lasting for approximately 30 

seconds, repeated at 17 minute intervals as indicated in figure 26, but typically 5 

cycles are pumped from surface, for redundancy, to ensure that within the 5 cycles, 

there are 3 chances of recognising the 3 spikes. 25 

 

The actifrac pressure signature in accordance with the invention can typically be 

cancelled in each stage within a short period after being sent, by sending a 

cancellation signal comprising 6 pressure spikes repeated at 17 minute intervals as 

shown in figure 26. Typically, a valid cancellation signal requires the 6 repeat 30 

pressure spikes, and typically 10 repeat spikes are sent from surface in order to 
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ensure redundancy and multiple chances of recognising the cancellation signature 

at the tool. 

 

Figure 27 shows a schematic layout of pressure signatures in accordance with the 

invention. In accordance with figure 27 a sequence of 5 actifrac pressure pulses with 5 

a repeating period of 17 minutes are sent from surface, and typically after the 3rd 

pulse, the downhole equipment being triggered by the pressure signature 

recognises a valid signature. Starting from that recognition point, the downhole tool 

enters a trigger delay period in which pressure cycles are ignored, in order to allow 

additional cycles of pressure signatures to be sent, in the event of tool failure. After 10 

the trigger delay period, there is typically a timeout period lasting between 0-45 

days in which a cancellation signal can be sent. In certain examples, the timeout 

period expires before the tool activates in response to the valid pressure signature, 

and in other examples, the timeout period can persist up to the moment that the tool 

activates in response to the valid pressure signature. 15 

 

Figure 28 shows a schematic layout of the pressure signature that is applied to the 

zone 4 flapper. As can be seen in figure 28, flapper 4 recognises the valid pressure 

signature on the 3rd repeat of the actifrac pulse, and enters a trigger delay period in 

which flapper 4 ignores the additional pulses sent from surface. After the trigger 20 

delay (typically at least 39 minutes to accommodate the remaining 2 actifrac 

pressure pulses) flapper 4 enters a timeout period before activation during which 

flapper 4 is sensitive to cancellation signal is sent from the surface to cancel the 

“open flapper” instruction sent by the actifrac pressure signature. 

 25 

Figure 29 shows a schematic layout of the instructions conveyed to other flappers to 

close the flapper after a delay following the recognition of an RFID tag passing 

through the antenna associated with the flapper. Figure 30 shows the equivalent 

actifrac logic used to open other typical flappers in the well, which is similar to the 

logic used to open flapper 4 as shown in figure 28, but typically with different 30 

timeout periods applying. 
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The contingency operations set out in figure 25 for operating the sleeves and 

flappers in the event of failure of the initiating signal can be applied to any of the 

sleeves and flappers in the well. 

 

Typically RFID tags dropped during or near the point of frac treatments can be 5 

dropped in the wellbore while a frac treatment is being carried out. 

 

After frac operations have been completed for all zones in the well, the well can be 

produced as normal. 

 10 

Modifications and improvements can be incorporated without departing from the 

scope of the invention. 
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1 A method of controlling flow in a bore of an oil or gas well, the method 

comprising: 

- providing a control mechanism in the bore, configured to detect a pressure 

signature in a fluid in the bore, and  

- generating a pressure signature in the fluid in the bore and transmitting the 5 

pressure signature to the control mechanism to trigger a change in the configuration 

of a flow control device in the bore in response to the detection of the pressure 

signature in the fluid; 

wherein a positive pressure signature effective to trigger the change in 

configuration of the flow control device requires a sequence of at least two pressure 10 

changes, each pressure change having  a minimum rate of change of pressure, with a 

measured time interval between each pressure change. 

 

2 A method as claimed in claim 1, including sampling the pressure in the fluid 

in the bore at intervals, recording at least one sampled pressure measurement, and 15 

comparing the recorded pressure measurements with another sampled pressure 

measurement to determine the rate of change of pressure in the fluid.  

 

3 A method as claimed in claim 1 or claim 2, including continuously recording 

the pressure in the fluid in the bore at regular time intervals, and continuously 20 

comparing sequential measurements to determine a pressure signature.  

 

4 A method as claimed in any one of claims 1-3, the measured time interval 

between the pressure changes in the sequence incorporates a time window 

comprising a +/-deviation from the endpoint of the measured time interval, and 25 

wherein the pressure change must occur within the time window for a positive 

pressure signature to be recognised by the control mechanism.  

 

5 A method as claimed in any one of claims 1-4, wherein a positive pressure 

signature requires several positive contiguous readings.   30 
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6 A method as claimed in any one of claims 1-5, wherein a positive pressure 

signature requires that the pressure changes between the readings are consistent in 

direction. 

 

7 A method as claimed in any one of claims 1-6, wherein a positive pressure 5 

signature requires a minimum of two positive readings with the required minimum 

rate of change between the readings. 

 

8 A method as claimed in any one of claims 1-7, wherein a positive signature 

requires two or more minimum pressure changes each with the necessary minimum 10 

rate of change, occurring within a measured time interval before the mechanism 

recognises the pressure changes as a valid signature to trigger the change in 

configuration of the flow control device.  

 

9 A method as claimed in any one of claims 1-8, wherein a positive signature 15 

requires a number of pressure spikes each fulfilling the necessary minimum rate of 

change of pressure, and having a measured time interval between each spike.  

 

10 A method as claimed in any one of claims 1-9, wherein a positive signature 

requires a number of pressure spikes each fulfilling the necessary minimum rate of 20 

change of pressure, and each spike having a minimum sustain of the rate of change 

over a minimum number of sampled time intervals, and the repetition of a valid 

pressure spike within the required measured time interval.  

 

11  A method as claimed in any one of claims 1-10, wherein a spike comprises a 25 

minimum positive rate of change of pressure followed by a decrease in pressure 

value. 

 

12 A method as claimed in any one of claims 1-11, including triggering 

activation of the flow control device in a first pressure signature, and cancelling the 30 

activation before the change in configuration of the flow control device by sending a 

second pressure signature to trigger de-activation of the flow control device, 
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wherein the first activation pressure signature is different from the second 

cancellation pressure signature. 

 

13 A method as claimed in claim 12, wherein the second cancellation pressure 

signature is transmitted within a cancellation time window following the 5 

transmission of the first activation pressure signature, and wherein the control 

mechanism recognises and responds to the cancellation signal only if it is 

transmitted within the cancellation time window.   

 

14 A method as claimed in any one of claims 1-13, wherein the pressure 10 

signature is transmitted via fluid flowing within the bore.   

 

15 A method as claimed in claim 14, wherein the fluid conveying the pressure 

signature comprises fluid being injected into the bore. 

 15 

16 A method as claimed in claim 14 or 15, wherein the pressure signature is 

transmitted between or as part of frac operations comprising the injection of fluid 

into the well. 

 

17 A method as claimed in any one of claims 1-16, wherein the pressure 20 

signature is transmitted from the surface. 

 

18 A method as claimed in any one of claims 1-17, wherein the pressure 

signature comprises a rise in pressure above a sampled threshold and wherein the 

pressure is maintained above the threshold for a minimum time period before 25 

reducing below the threshold.   

 

19 A method as claimed in claim 18, wherein the pressure is maintained at a 

constant level above the threshold during the minimum time period.   

 30 

20 A method as claimed in any one of claims 1-19, including sampling the 

baseline pressure before the pressure signature is applied, and comparing the 
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pressure signature to the baseline pressure in order to verify the minimum rate of 

change of pressure required for a valid pressure signature.   

 

21 A method as claimed in any one of claims 1-20, wherein a valid pressure 

signature detected by the control mechanism triggers the flow control device to 5 

change configuration after a time delay following the detection of the valid pressure 

signature.   

 

22 A method as claimed in any one of claims 1-21, wherein parameters of the 

configuration change of the flow control device as a result of the pressure signature 10 

are conveyed to the control mechanism after running into the hole.   

 

23 A method as claimed in any one of claims 1-22, wherein the bore includes a 

selectively actuable port having an open configuration allowing fluid to pass 

through the port and thereby to exit the bore; and a closed configuration which 15 

denies fluid passage through the port, and wherein the string is run into the well 

with the port closed and the port is then opened after the string is in place in the 

well, and wherein the selectively actuable port is controlled by a port pressure 

signature carried by the fluid in the well.   

 20 

24 A method as claimed in claim 23, wherein the selectively actuable port is 

activated by the control mechanism to receive and react to the pressure pulses, and 

wherein in the absence of the activation of the port by the control mechanism, the 

selectively actuable port does not react to the pressure pulses in the fluid in the 

bore. 25 

 

25 A method as claimed in any one of claims 1-24, wherein the control 

mechanism includes an RFID reader and wherein control signals are transmitted to 

the control mechanism in an RFID tag deployed from the surface to flow past the 

RFID reader in the control mechanism. 30 
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26 A method as claimed in claim 25, wherein the RFID reader has a bore co-

axial with the bore of the well, and wherein the tag passes through the bore of the 

reader when transmitting the control signal to the RFID reader. 

 

27 A method as claimed in claim 25 or 26, wherein the RFID tag conveys a signal 5 

to the RFID reader, and wherein the RFID reader activates the control mechanism 

on receipt of the signal from the tag, whereby the control mechanism triggers the 

configuration change in the flow control device in response to the pressure 

signature carried by the fluid in the bore, and wherein the control mechanism is 

non-reactive to the signature before being activated by the RF signal encoded on the 10 

RFID tag. 

 

28 A method as claimed in any one of claims 25-27, wherein the flow control 

device includes a barrier and wherein the control mechanism closes the barrier on 

receipt of a control signal from the RFID tag.   15 

 

29 A method as claimed in any one of claims 25-28, when dependent on claim 

23, wherein the RFID reader activates the selectively actuable port to receive and 

react to the port pressure signature once the RFID tag has conveyed the RF signal to 

the RFID reader.   20 

 

30 A method as claimed in claim 29, wherein the selectively actuable port is 

non-reactive to the port pressure signature until the activation of the port by the 

RFID tag communicating the RF signal to the RFID reader in the control mechanism.   

 25 

31 A method as claimed in claim 30, wherein the selectively actuable port and 

the flow control device are controlled by respective RFID readers forming part of 

the control mechanism.   

 

32 A method as claimed in claim 31, wherein the respective port and flow 30 

control device RFID readers react differently to the passage of an RFID tag, 



 

 

 48  

 

instructing different actions in each of the port and the flow control device by the 

same RFID signal. 

 

33 A method as claimed in any one of claims 25-32, wherein the RFID tag 

passing the RFID reader switches the flow control device to detect and react to a 5 

pressure signature in the fluid and to change its open/closed status in response to 

the detection of said pressure signature. 

 

34 A method as claimed in any one of claims 25-33, wherein the activation 

status of the RFID reader is changed between an inactive condition in which it is 10 

unable to detect RFID tags passing through the bore, to an active condition, in which 

it is able to detect RFID tags passing through the bore, and wherein the change of 

activation status of the RFID reader comprises pressure fluctuations in the fluid in 

the bore. 

 15 

35 A method as claimed in any one of claims 25-34, wherein the bore is exposed 

to sequential steps of: 

an RFID signal from a tag dropped past a reader; 

a pressure signature; and 

a pressure fluctuation. 20 

 

36 A method as claimed in any one of claims 1-35, wherein the flow control 

device includes a barrier device. 

  

37 A method as claimed in claim 36, wherein the barrier is located below a 25 

selectively actuable port, and wherein once the barrier has been closed, the control 

mechanism activates the selectively actuable port to receive and react to the port 

pressure signature.   

 

38  A method as claimed in any one of claims 1-37, wherein the bore is divided 30 

into separate zones, each zone being isolated from other zones in the well, and each 

zone having a flow control device, a selectively actuable port, and a control 
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mechanism, and wherein the flow control device, port and control mechanism in 

each zone can be controlled independently of a flow control device, port or control 

mechanism in other zones.   

 

39 A method as claimed in claim 38, wherein the pressure signature triggers 5 

different responses from at least one of the flow control device, selectively actuable 

port and control mechanism in different zones. 

 

40 A method as claimed in claim 38 or 39, including the following steps: 

passing an RFID tag through the bore to close a barrier device in a first zone; 10 

applying a port pressure signature in the wellbore fluid to open the 

selectively actable port; 

injecting fluid from surface through wellbore, keeping barrier device closed, 

so that fluid is diverted through the open port, into the formation in zone 1; 

transmitting the pressure signature during fluid injection to communicate to 15 

barrier device to open after a time delay (Td) following the pressure signature; and 

passing an RFID tag through the bore to close a barrier device in a second 

zone prior to repeating at least some of the steps in the second zone. 

 

41 A flow control assembly for use in an oil or gas well, comprising: 20 

-a bore to convey fluid between the surface of the well and a formation; 

- a flow control device located in the bore, the flow control device having first and 

second configurations, to divert fluid in the bore; 

- a control mechanism configured to detect pressure changes in the fluid in the bore, 

wherein the control mechanism is programmed to trigger a change in the 25 

configuration of the flow control device in response to the detection of a pressure 

signature in the fluid comprising a sequence of at least two pressure changes, each 

pressure change having a minimum rate of change of pressure, with a measured 

time interval between each pressure change. 

 30 
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42 A flow control assembly as claimed in claim 41, having at least one pressure 

sensor to take pressure measurements, and a recorder to record pressure 

measurements.   

 

43 A flow control assembly as claimed in claim 41 or claim 42, wherein the 5 

control mechanism has a timer device, to control a time delay between the detection 

of the pressure signature and the change in configuration of the flow control device.  

 

44 A flow control assembly as claimed in any one of claims 41-43, wherein the 

control mechanism includes an RFID reader to receive radio frequency control 10 

signals transmitted to the control mechanism by an RFID tag deployed from the 

surface flowing past the RFID reader in the control mechanism. 

 

45 A flow control assembly as claimed in claim 44, wherein the RFID tag 

transmits a control signal to the control mechanism instructing a time delay before 15 

changing the configuration of the flow control device. 

 

46 A flow control assembly as claimed in any one of claims 41-45, wherein the 

bore includes a selectively actuable port having an open configuration allowing fluid 

to pass through the port and thereby to exit the bore; and a closed configuration 20 

which denies fluid passage through the port. 

 

47 A flow control assembly as claimed in claim 46, wherein the selectively 

actuable port is responsive to control signals comprising a port pressure signature 

carried by the fluid in the well.   25 

 

48 A flow control assembly as claimed in claim 47, wherein the selectively 

actuable port is insensitive to pressure port signature control signals until the port 

is activated by the control mechanism. 

 30 

49 A flow control assembly as claimed in any one of claims 41-48, wherein the 

flow control device includes a barrier device. 
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50 A flow control device as claimed in claim 49, wherein the barrier device is 

located below a selectively actuable port, and whereby closing the barrier below the 

port enhances the ability of the port to react to pressure changes in the fluid in the 

closed bore, and diverts fluid through the port when the port is opened.   5 

 

 


