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A system for pressure testing the seals and fittings associated with at least one communication line (26) passing through a well tool
mandrel (12), each communication line housed within a communication line conduit (16) defined through the well tool and sealingly
engaged to each end of its corresponding communication line conduit by way of a fitting (53) and the fittings also sealingly
engaged to the communication line conduit. The system generally comprises a testing conduit (34) and testing passageway
system (47) defined In the well tool mandrel. A testing plug (44) provides fluid communication between a pressure testing source
and the testing passageway system. Pressurized fluid Is guided from the testing plug, through the testing passageway system, into
the communication line conduits, and into contact with the fittings and seals associated with each of the communication line
conduits. Leaks Indicate the presence of a faulty engagement of the fittings or seals associated with the communication line

conduits.
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Abstract

A system for pressure testing the seals and
fittings associated with at least one communication line
(26) passing through a well tool mandrel (12), each
communication line housed within a communication line
conduit (16) defined through the well tool and sealingly
engaged to each end of its corresponding communication line
conduit by way of a fitting (53) and the fittings also
sealingly engaged to the communication line conduit. The
system generally comprises a testing conduit (34) and
testing passageway system (47) defined 1n the well tool

mandrel. A testing plug (44) provides fluid communication

between a pressure testing source and the testing passageway
system. Pressurized fluid 1s guided from the testing plug,
through the testing passageway system, 1nto the
communication line conduits, and into contact with the

fittings and seals associated with each of the communication

gu—
p—

line conduits. Leaks indicate the presence of a faulty

engagement of the fittings or seals assoclated with the

communication line condults.
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SYSTEM 2ND METHOD FOR PRESSURE TESTING
COMMUNICETION LINES OF 2 WELL TOOL

This is a divisional application of Canadian Patent Application No. 2,386,933, filed
October 17, 2000,

Uh

BACKGROUND OF THE INVENTION

Field of Invention. The presenl inventon relates 10 the field of downhole 100!
j0  testing. More specifically, the invention relates to syslem and method for pressure
lesting the fitlings and seals associaled with the lines or cables disposed through a |
well tool prior to insertion of the tool downhole and without the need to pressurize the
tubing bore.
Related Art. It is sometimes necessary to pass and connect lines or cables

15  through conduits defined in a well tool. Such lines or cables may include control
lines, permanent downhole cables, permanent encapsulated cables:, fiber optic lines, or
chemical injection lines (hereinafter referred to as “communication lines”). The
communication lines provide fluid, hydraulic, chermical, or electrical communication
between elements above the well tool and elements beneath the well tool. In order to

20  properly connect the communication lines, fittings and seals are disposed at least on
the upper and lower ends of the conduits. The fittings and seals provide the sealing
connection between the commmuriication lines and the conduits so that the integrity of
the communication lines is maintained throu ghout their entire lenoths from their
source to their downhole destination.

25 It 15 1mporant to test the integnty of the communication line fittings and seals
to ensure their proper operation. The testing of communication line fittings and seals
1s normally performed by pressurizing specific channels associated with the relevant
communication line, connecting a gauge to one end of the communication line, and
observing for any depressurization in the gauge which would indicate the existence of

30  aleak. It would thus be beneficial to the prior art to provide a system and method to
perform such testing. |

Pressure testing the seals and fittings associated with a commmunjcation line

becomes more ntricate if the well tool carrying the communication line also includes

settable elements (such as the seal eilements in packers). - In these cases, the

pressurization of the specific channels associated with the relevant communication
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line must be achieved without prematurely setting the settable elements associated
with the tool. It would therefore be beneficial to the prior art to provide a system and
method for testing a tool’s communication line fittings and seals that does not cause
the premature setting of any elements associated with the tool.

In addition, once the well tool is placed in the downhole environment, the
testing of associated communication line seals and fittings is complicated. An easier
and more practical approach would be to conduct the test of the communication line
seals and fittings at the surface of the well prior to inserting the tool downhole. The
prior art would therefore benefit from a system and method for testing a tool’s
communication line fittings and seals at the surface of the well prior to the insertion of
the tool in the well.

It 15 also more complicated to conduct tests that require the pressurization of
the tubing bore of the well tool. Pressurizing the tubing bore requires seals on both
ends of the well tool as well as relatively more powerful pressure supply equipment.
It would therefore be beneficial to the prior art to provide a system and method for

testing a tool’s communication line fittings and seals that does not require the

pressurization of the tubing bore of the tool.

SUMMARY OF THE INVENTION

It 1s therefore an objective of the present invention to provide a system and

method that:
o enables the testing of a tool’s communication line fittings and seals;
o may be utilized in a substantial number of types of well tools;
® enables such testing to be performed without prematurely setting any

elements associated with the tool:

° enables such testing to be performed at the surface of the well prior to
the insertion of the tool inside the wellbore:

. does not require the pressurization of the tubing bore of the tool; and

® allows communication between the conduits which house the

communication lines and the tubing bore thereby preventing the formation of

atmospheric chambers.
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Other objectives of the present invention will be obvious by reading the specification

and claims appended hereto.

To achieve such objectives, my invention s a system for préssure testing the
s=als and fittings associated with at least one communication line passing through a
well tool mandrel, each communication line housed within a communication line
conduit defined through the well tool and sealingly engaged to each end of its
corresponding communication line conduit by way of a fitting and the fittings also
sealingly engaged to the communication line conduit. The system generally
comprises a testing conduit, a testing passageway system, and a testing plug. The
testing conduit is defined in the well tool mandrel. The testing passageway system is
defined in the well tool mandrel and provides fluid communication between the
testing conduit and the fittings and seals associated with each of the communication
line conduits. The testing plug provides fluid communication between a pressure
testing source and the testing passageway system. A pressure source 1s operatively
connected to the testing plug, and pressurized fluid 1§ guided from the testing plug,

through the testing passageway system, into the communication line conduits, and

into contact with the with the fittings and seals assoctated with each of the
communication line conduits. Any leaks discovered as a resuit of this pressurization

indicate the presence of a faulty engagement of the fittings or seals associated with the
communication line conduits. This operation is performed prior to 1nserting the well

tool in the well bore and without the pressurization of the well tool internal bore.

The operation of my testing system also provides an inventive method to
conduct such pressure testing, the method comprising providing a testing conduit and
a testing passageway system in the well tool mandrel, the testing passageway system
providing fluid communication between the testing conduit and the fittings and seals
associated with each of the communication line conduits; and injecting pressurized
fluid from a pressure testing source, through the testing conduit, through the testing

passageway system, into each communication line conduit, and into contact with the

fittings and seals associated with each of the communication line conduits.
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According to one aspect of the present i1nvention,

there 1s provided a method for pressure testing the sealing

P

engagement of the fittings assoclated with at least one

communication line condult 1ncluded in a well tool, the well

tool including a settable element, the fittings also adapted

to seallingly engage a communication line, the method

comprislng: transmittlng pressurized fluid through a test

flow path and i1nto the communication line condult so as to

test the sealing engagement of the fittings, the

transmitting step occurring without actuation of the

settable element; monitoring the pressure of the pressurized

fluid to detect the presence of leaks in the sealing

=

engagement of the fittings; and deploying the well tool into

a wellbore subsequent to the monitoring step.

According to another aspect of the present
1nvention, there 1s provided a well tool to be deployed in a

wellbore, comprising: a body having at least one

communication line condult; at least one fitting sealingly
engaged to each communication line conduit and adapted to

sealingly engage a communication line; a test flow path that

provides fluld communication to at least one communication

line conduit so as to allow the testing of the sealing

engagement of the associated fitting; and a settable element

that 1s not actuated during the testing of the sealing

engagement of the fitting.

3a
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D are a partial longitudinal cross-sectional view of a well too]

(packer) that inciudes the testing system.
Figure 2 is an enlarged view of one end of a communication line conduit
5 illustrating the connections between the communication line condutit, the
communication line, the conduit tubing, the fitting, and the bypass component.
Figure 3 is a cross-sectional view taken along line 3—3 of Figure 4,
tllustrating the fluid communication between the communication line conduits, the
testing passageway system, and the testing conduit.
10 Figure 4 is a partial longitudinal cross-sectional view of the well tool
tllustrating the connection between the testing plug and the testing conduit.
Figure 5 1s a partial longitudinal cross-sectional view of the well tool
illustrating the connection between the standard plug and the testing conduit.
Figure 6 is a partial longitudinal cross-sectional view of the well tool

15 illustrating the connection of the first testing plug piece and the rupture disk in the

testing conduit.

DETAILED DESCRIPTION OF THE INVENTION
The testing system of this invention is shown generally in Figures 1 - 6 as 10.
20  As best seen in Figures 1A-1D, the testing system 10 1s situated on the mandrel 12 of
a well tool 14 having an internal bore 13. Although the well tool 14 illustrated in the
Figures 15 a packer, it 1s understood that the testing system 10 may be included in any
tool with a mandrel 12 that requires communication lines to be passed therethrough.
The testing system 10 1s, however, particularly useful with packers, as will be
25  disclosed herein.
The well tool 14 includes at least one communication line conduit 16 axially
defined 1n the mandrel 12 from the mandrel first end 18 to the mandrel second end 20.
A conduit first end 22 i1s defined at the mandrel first end 18, and a conduit second end
24 1s defined at the mandrel second end 20. A conduit tubing 32 is provided within
30  each conduit 16. Preferably, the conduit tubing 32 extends from a position proximate

the conduit first end 22 to a position proximate the conduit second end 24. A
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communication line 26 1s passed completely through the conduit 16 and within the
conduit tubing 32. Communication line 26 is typically operatively connected and
extends to equipment above and below the well tool 14. As previously disclosed, it is
understood that communication line 26 may comprise any of a variety of lines or
cables, including control lines, permanent downhole cables, permanent encapsulated
cables, fiber optic lines, or chemical injection lines.

Turning to Figures A, 1D, and 2, at each of its ends and within its respective
conduit 16, each conduit tubing 32 1s connected to a bypass component 50. Bypass
component 50 1s preferably generally tubular and generally maintains the axial profile
of the conduit tubing 32. Each communication line 26 extends through its two
corresponding bypass components 50. Bypass component 50 inciudes a sealing
mechanism 52 that comprises at ieast two seals 53, one seal 53 providing a sealing
engagement between the bypass component 50 and the conduit tubing 32 and the
other seal 53 providing a sealing engagement between the bypass component 50 and
the conduit 16. The bypass component 50 that 1s proximate one end, 18 or 20, of the
mandrel, preferably the mandrel second end 20, also includes at least one slot 54. The
slot 54 1s in flmud communication with, and 1s preferably radially adjacent to, a conduit
port 40, as will be disclosed herein. A fitting 30 1s threadably sealably engaged on its
outer surface 31 to each conduit 16 at each of the conduit first end 22 and the conduit
second end 24. Each fitting 30 is proximate a bypass component 50 with a gap 56
axially defined therebetween. The communication line 26 is communicated through
the inner surface 33 of each fiting 30 and is sealably engaged thereto. The seals
associated with each fitting 30 are therefore the sealing engagement between the

fitting outer surface 31 and the conduit 16 and the sealing engagement between the

fitting inner surface 33 and the communication line 26.

As best shown 1n Figure 2, two spaces, each preferably annular in shape, are
defined by the interrelation between the conduit 16, the conduit tubing 32, the
communication line 26, the bypass component 50, and the fittings 30. A first space
46 1s generally defined 1n the radial direction between the communication line 26 and

the conduit tubing 32. First space 46 extends longitudinally between the fittings 30.

A second space 48 1s generally defined in the radial direction between the conduit
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tubing 32 and the conduit 16. Second space 48 extends longitudinally between the
bypass components 50, specifically between the seals 53 sealing the bypass
components 50 to the conduit 16.

As shown 1n Figures 3, 4 and 6, testing system 10 also comprises a testing
conduit 34, a testing passageway system 36, and a testing plug 44. Testing conduit 34
1s axially defined 1n the mandrel 12 from one of the mandre] ends, 18 or 20, to the
well tool bore 13. Preferably, testing conduit 34 extends through the mandrel 12 from
the mandrel second end 20 to the well tool bore 13. Testing passageway system 36
provides fluid communication between the testing conduit 34 and each of the conduits
16, specifically the first space 46 of each conduit 16.

In the preferred embodiment, testing passageway system 36 comprises a
testing conduit inlet 38 associated with the testing conduit 34, a conduit port 40
associated with each conduit 16, and a testing duct 42 providing fluid communication
between the testing conduit inlet 38 and each conduit port 40. Preferably, the testing
duct 42 1s an annular duct defined within the mandrel 12, the testing conduit inlet 38
extends radially from the testing conduit 34 to the testing duct 42, and each of the
conduit ports 40 extend radially from their respective communication line conduits 16

to the testing duct 42.

Testing plug 44 threadably sealably engages to the testing conduit 34 at the
relevant mandrel end, 18 or 20. Testing plug 44 is operatively connected to a pressure
testing source (not shown) and provides fluid communication by way of a testing plug
passageway 47 between the pressure testing source and the testing passageway system
36 (specifically testing conduit inlet 38). Testing plug 44, however, prohibits fluid
communication between the pressure testing source and the well tool bore 13 by way
of a seal 45 sealingly engaging the testing conduit 34 and placed intermediate the
testing passageway system 36 (testing conduit inlet 38) and the well tool bore 13.

In the preferred embodiment as shown in Figures 3 and 4, testing plug 44
extends from the relevant mandrel end, 18 or 20, past the junction between the testing
conduit inlet 38 and the testing conduit 34. The testing plug passageway 47

preferably extends from the relevant mandrel end, 18 or 20, to the testing conduit inlet
38.
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In an alternative embodiment as shown 1n Figure 6, testing plug 44 comprises
a first testing plug piece 62 and a rupture disk 64. First testing plug piece 62 is
threadably sealably engaged to the testing conduit 34 at the relevant mandrel end, 18
or 20. First testing plug piece 62 is operatively connected to a pressure testing source
(not shown) and provides fluid communication by way of a testing plug passageway
477 between the pressure testing source and the testing passageway system 36
(specifically the testing conduit inlet 38). First testing plug piece 62 extends from the
relevant mandrel end, 18 or 20, to a location intermediate the relevant mandrel end,
}8 or 20, and the junction between the testing conduit inlet 38 and the testing conduit
34. Rupture disk 64 initially prohibits fluid communication between the pressure
testing source and the well tool bore 13 and 1s securely placed intermediate the testing
passageway system 36 (testing conduit inlet 38) and the well tool bore 13. Rupture
disk 64 includes a seal 45 sealingly engaging the testing conduit 34. Rupture disk 64
also includes a rupture disk passageway 66 that is initially blocked by a disk 68. As is
well-known 1n the art, disk 68 is rated to rupture at a certain pre-determined pressure

thereafter leaving the rupture disk passageway 66 unblocked and allowing fluid

communication between the well tool bore 13 and the testing passageway system 36.

IN OPERATION

Prior 1o introduction of the tool 14 into the wellbore but after inserting the
communication lines 26 through the tool 14 (as previously disclosed), an operator first
ensures that the testing plug 44 is correctly sealably engaged to the relevant mandrel
end, 18 or 20. The pressure supply is next activated, which injects fluid pressure into
the testing plug passageway 47. The fluid pressure 1s prohibited from reaching the
ool bore 13 side of the testing conduit 34 by the seal 45. The fluid pressure is thus
forced to travel from the testing plug passageway 47 through the testing conduit inlet
38 and into the testing duct 42. Within the testing duct 42, the fluid pressure follows
the annular profile of the testing duct 42 until 1t reaches the conduit ports 40.

The fluid pressure then enters each conduit port 40 and flows through the
relevant bypass component slot 54 into the first space 46 defined between the

communication line 26 and the conduit 16. Within the first space 46, the fluid
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pressure extends in both directions longitudinally along the outer surface of the
communication line 26. Note that the bypass component 50 does not seal against the
communication line 26 thereby allowing the flow of pressurized fluid longitudinally
therebetween and along the communication line 26. However, due to the presence of
the seals 53 which seal the bypass components 50 to the conduit 16, the fluid pressure
does not enter the second space 48. The fluid pressure extends in the first space 46
through the gaps 56 and toward each fitting 30 until reaching the sealing engagement
between the inner surface 31 of the fittings 30 and the communication line 26 and the
sealing engagement between the outer surface 33 of the fittings 30 and the conduit 16.
Full pressurization of the testing system 10 has been achieved at this point.
Particularly for well tools 14 that are packers, it 1s important to note that the
pressurized fluid does not enter the second space 48. The second space 48 1s 1n tluid
communication with the setting ports 60 of the well tool 14. Thus, if pressurized fluid
were to enter the second space 48, the fluid would also pass into the setting ports 60,

and depending on the pressure of the fluid, the fluid may cause the settable elements
(such as sealing elements) of the well tool 14 to prematurely set. Of course, such an
occurrence 1s not desired.

The operator then observes any depressurization in the pressure gauge
attached to the pressure supply in order to detect the presence of any leaks in the

system. If the operator does not notice any decrease 1n pressure, then the

- communication lines 26 and their associated fittings and seals are satistactortly

sealingly engaged. However, if the operator does notice a decrease in pressure, then
this signifies either the presence of a leak somewhere in the communication line 26
system, perhaps at the fittings 30 or at the bypass components 50, or the presence of a
leak at the testing plug seal 45. In either respect, the well tool 14 1s not ready for
insertion into the wellbore, and the communication line 26 sealing system must be
checked and fixed. The testing procedure 1s then repeated until a satisfactory test
result, as defined above, 1s achieved.

In the embodiment in which testing plug 44 comprises one integral piece as
shown in Figures 3 and 4, once a satisfactory test result 1s achieved, the testing system

10 1s deactivated and depressurized, and the testing plug 44 is wholly removed tfrom

PCT/US00/28755
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the testing conduit 34. A standard plug 61 is then inserted in its place prior to
inserting the well tool 14 downhole. Importantly, the standard plug 61 allows fluid
communication between the tool bore 13 and the testing conduit inlet 38 through the
testing conduit 42. The standard plug 61, however, seals against mandre] second end
20 preventing fluid communication from testing conduit 34 through mandrel second
end 20 and 1nto the tool exterior.

In the embodiment in which testing plug 44 comprises a first testing plug
piece 62 and a rupture disk 64, once a satisfactory test resuit is achieved, the pressure
testing source 1s activated to pressurize the testing system 10 above the pressure rating
of the disk 68 thereby rupturing disk 68 and allowing fluid communication between
the well tool bore 13 and the testing passageway system 36. First testing plug piece
62 is then removed from the testing conduit 34, and a standard plug 61 is inserted in
its place prior to running the well tool 14 downhole (not shown with rupture disk 64
but similar to that of Figure 5). Importantly, the standard plug 61 allows fluid
communication between the tool bore 13 and the testing conduit inlet 38 through the
testing conduit 34, The standard plug 61, however, seals against mandrel second end
20 preventing fluid communication from testing conduit 34 through mandrel second
end 20 and into the tool exterior.

Because the testing conduit inlet 38 is in fluid communication with the first
space 46, the tool bore 13 1s then also in fluid communication with the first space 46
once the standard plug 61 has replaced the testing plug 44. This fluid communication
enables whatever fluid i1s present 1n the tool bore 13 after the tool 14 is inserted
downhole (“the downhole fluid”) to flow into the first space 46. As is understood by
those skilled in the art, the downhole fluid will also typically be present in the annulus
of the wellbore and typically enters the second space 48 through the setting ports 60.
Since the downhole fluid 1s present at either side of the conduit tubing 32 (within the
first space 46 and within the second space 48), pressure is balanced across the conduit
tubing 32 thereby ensuring that the communication line 26 does not rupture as a result
of trapped pressure pockets once the well tool 14 is inserted downhole.

The operation of the testing sysiem 10 thus provides an inventive method for

pressure testing the seals and fittings 30 associated with at least one communication
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line 26 passing through a well tool 14, the method comprising: providing a testing
conduit 34 and a testing passageway system 36 in the well tool mandrel 12, the testing
passageway system 36 providing fluid communication between the testing conduit 34
and the fittings 30 and seals associated with each of the communication line conduits
16; and injecting pressurized fluid from a pressure testing source, through the testing

conduit 34, through the testing passageway system 36, into each communication line

conduit 16, and into contact with the fittings 30 and seals associated with each of the

communication line conduits 16.

The method may further comprise, after the providing step and before the
injecting step, inserting a testing plug 44 in the testing conduit 34, the testing plug 44
providing fluid communication between the pressure testing source and the testing
passageway system 36. In addition, such method may also comprise, after the
inserting step, replacing the testing plug 44 with a standard plug that prevents fluid
communication between the testing conduit 34 and the well tool exterior but allows
fluid communication between the well tool internal bore 13 and the testing conduit
passageway 36.

The method may further comprise, after the injecting step, observing whether
the reading on the gauge associated with the pressure testing source decreases thereby
signifying the presence of a leak in the system. In addition, such method may also

comprise, after the injecting step, preventing fluid communication between the testing
conduit 34 and the well tool extenior but allowing fluid communication between the

well tool internal bore 13 and the testing conduit passageway 36.

The method may further comprise sealingly dividing each communication line
conduit 16 into a first space 46 and a second space 48, each first space 46 being in
fluid communication with the testing conduit passageway 36 and with the fittings 30
and seals of its corresponding communication line 26, each second space 48 being 1n
fluid communication with the setting ports 60 of the well tool 14; and preventing fluid
communication between the first space 46 and the second space 48. In such method,
the sealingly dividing step and the preventing fluid communication step may also
comprise disposing a conduit tubing 32 in each communication line conduit 16 with

the corresponding communication line 26 passing therethrough, the conduit tubing 32

10
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being in sealing engagement with i1ts corresponding communication line conduit 16 at
each of its ends, the first space 46 generally defined in the radial direction between
each communication line 26 and its corresponding conduit tubing 32, and the second
space 48 generally defined in the radial direction between each conduit tubing 32 and
its corresponding conduit 16. In addition, such method may also comprise, after the
injecting step, balancing the pressure between the first space 46 and the second space
4§.

It is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials or embodiments shown and described, as
obvious modifications and equivalents will be apparent to one skilled in the art.

Accordingly, the invention is therefore to be limited only by the scope of the

appended claims.

11]
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CLAIMS:

1. A method for pressure testing the sealing

p

engagement oOr

the fittings associlated with at least one
communication line condulit i1ncluded in a well tool, the well
tool i1ncluding a settable element, the fittings also adapted
to sealingly engage a communication line, the method

comprilising:

transmitting pressurized fluid through a test flow

path and into the communication line condulit so as to test
the sealing engagement of the fittings, the transmitting

step occurring without actuation of the settable element:

monitoring the pressure of the pressurized fluid
to detect the presence of leaks in the sealing engagement of

the fittings; and

deploying the well tool into a wellbore subsequent

to the monitoring step.

2 . The method of claim 1, wherein the settable
element and the test flow path are both in fluid

communication with the communication line conduit.

3. The method of claim 2, further comprising

1solating the settable element from the test flow path.

q The method of claim 3, further comprising, after
the transmitting step, balancing the pressure acting against

the settable element with the pressure within the test flow

path.

5. The method of claim 3, wherein the well tool is a

packer.,

12
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6. A well tool to be deployed 1n a wellbore,
comprising:
a body having at least one communication line
condult;
5 at least one fitting sealingly engaged to each

communication line conduit and adapted to sealingly engage a

communication line;

a test flow path that provides fluilid communication

to at least one communication line condult so as to allow

10 the testing of the sealing engagement of the associated

fitting; and

a settable element that 1s not actuated during the

testing of the sealing engagement of the fitting.
7. The well tool of claim 6, wherein:

15 the communication line condult 1s in fluid

communication with the settable element and the test flow

prath; and

at least one seal is disposed in the communication

line conduit isolating the settable element from the test

20 flow path.

8 . The well tool of claim 7, wherein the pressure
acting against the settable element 1s balanced with the

pressure within the test flow path when the well tool 1is

deployed 1n a wellbore.

25 9. The well tool of claim 7, wherein the well tool 1is
a packer,

Smart & Biggar
Ottawa, Canada
Patent Agents

13
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