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Description

BACKGROUND

[0001] When an existing safety valve in a well becomes
inoperable, operators must take measures to rectify the
problem by either working over the well to install an en-
tirely new safety valve on the tubing or deploying a safety
valve within the existing tubing. In the past, operators
may have simply deployed a subsurface controlled sub-
surface safety valve in the well. The subsurface control-
led valves could be a velocity valve or Protected Bellows
(PB) pressure actuated valve. However, regulatory re-
quirements and concerns over potential blowout have
prompted operators to work over the well rather than de-
ploying such subsurface controlled valves. As expected,
working over a well can be time consuming and expen-
sive. Therefore, operators would prefer to deploy a sur-
face controlled safety valve in the tubing of the well with-
out having to work over the well.
[0002] Current technology primarily allows surface
controlled safety valves to be deployed in wells that have
either an existing tubing-mounted safety valve or a tub-
ing-mounted safety valve landing nipple. In French Pat-
ent No. FR 2734863 to Jacob Jean-Luc, for example, a
surface controlled safety valve device 100 is disclosed
that can be landed in an existing landing nipple from
which the original safety valve has been removed. This
safety valve device 100 reproduced in FIGS. 1A-1B is
set in the landing nipple 10 using a special adapter 160
that mechanically hold the locking dogs 102 and the flap-
per 104 of the device 100 until the device 200 can be
properly positioned in the landing nipple 10. Then, when
releasing the device 100, the adapter 160 must disen-
gage from the device 100 so that the locking dogs 102
engage the nipple 10 while simultaneously letting the
flapper 104 close. Moreover, these steps must be per-
formed while not damaging a hydraulic connector 120
and intermediate tubing 130 exposed in the device 100
adjacent to where the special adapter 160 holds the de-
vice 200.
[0003] When deployed in the landing nipple 10, a con-
duit (not shown) communicated through the tubing con-
nects to the device 100 to operate the flapper 104. This
conduit conveys hydraulic fluid to the connector 120 con-
nected to a fixed portion 123 in the device 100. This fixed
portion 123 in turn communicates the fluid to the inter-
mediate tubing 130 that is movable in the fixed portion
123. A cross port 132 from the intermediate tubing 130
communicates the fluid so that it fills a space 133 and
moves a sleeve 134 connected to the intermediate tubing
130. As the sleeve 134 moves down against the bias of
a spring, it opens the flapper 104. Because the mecha-
nisms for operating the device 100 are exposed and in-
volve several moving components, the mechanical op-
eration of this device 100 is less than favorable. Moreo-
ver, the exposed mechanisms that operate the device
100 with their several moving parts can become dam-

aged.
[0004] In U. S. Pat. No. 7,040,409 to Sangla, another
safety valve device for wells is disclosed that can be de-
ployed in tubing without the need for an existing landing
nipple. This device 200 is reproduced in FIGS. 2A-2B.
As shown in FIG. 2B, the lower part of the device 200
has a flapper 210 that closes by a spring (not shown) and
opens by a sleeve 212 under the thrust action of a ring
214 connected to a piston 216. With sufficient hydraulic
pressure in a valve opening chamber 218, the piston 216
and ring 214 press the sleeve 212 against the bias of the
spring 213 so that the sleeve 212 slides down and opens
the flapper 210. With the flapper 210 open, a passage
202 in the device 200 permits fluid communication
through the device 200. In the absence of pressure in
the chamber 218, the spring 213 pushes the sleeve 212
upwards so that the flapper 210 closes.
[0005] To position the device 200 in tubing 20, the low-
er part of the device 200 as shown in FIG. 2B has lower
anchor dogs 220a. These lower dogs 220a are displaced
radially by a lower piston 222a whose end has the shape
of a cone on which the lower dogs 220a rest. The lower
piston 222a is pushed under the lower dogs 220a by the
hydraulic pressure in a lower anchor chamber 224a so
that the displacement of the lower piston 222a locks the
lower dogs 220a on the wall of tubing 20. Locks 226a,
such as dog stops or teeth, hold the lower piston 222a
in place even when the pressure has dropped in lower
chamber 224a. The upper part of the device 200 as
shown in FIG. 2A similarly has upper anchor dogs 220b,
piston 222b, hydraulic chamber 224b, and locks 226b.
[0006] To create a seal in the tubing 20, the device 200
uses a pile of eight cups 230 that position between the
device 200 and the tubing 20. These cups 230 have a
general herringbone U or V shape and are symmetrically
arranged along the device’s central axis. Hydraulic pres-
sure present in a sealing assembly chamber 234 displac-
es a piston 232 that activates the cups 230 against the
tubing 20. Locks 236 hold this piston 232 in place even
without pressure in the chamber 234.
[0007] Hydraulic pressure communicated from the sur-
face operates the device 200. In particular, rods (not
shown) from the surface connect to a connector 240 that
communicates with internal line 242. This internal line
242 communicates with an interconnecting tube 250 to
distribute hydraulic pressure to the valve opening cham-
ber 234 via a cross port 243, to the anchor chamber 224a-
b via cross ports 244a-b, and to the sealing assembly
chamber 218 via the tube 250. A hydraulic pressure rise
in line 242 transmits the pressure to all these chambers
simultaneously. When the hydraulic pressure drops in
line 242, the device 200 closes but remains in position,
anchored and sealed. A special profile 204 arranged at
the top of the device 200 can be used to unanchor the
device 200 by traction and jarring with a fishing tool suited
to this profile 202. By jarring on the device 200, a series
of shear pins are broken, thus releasing anchor pistons
222a-b and the sealing piston 232. The released device
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200 can then be pulled up to the surface.
[0008] As with the valve 100 of FIGS. 1A-1B, the valve
200 of FIGS. 2A-2B also has features that are less than
ideal. First, the pile of cups 230 offers less than desirable
performance to hold the device 200 in tubing 20. In ad-
dition, the intricate arrangement and number of compo-
nents including line 242; cross ports 243 and 244a-b;
tube 250; multiple chambers 218, 224a-b, and 234; mul-
tiple pistons 216, 222a-b, and 232; and exposed rod 216
make the device 200 prone to potential damage and mal-
function and further make manufacture and assembly of
the device 200 difficult and costly.
[0009] Accordingly, a need exists for more effective
subsurface safety valves that can be deployed in a well.
[0010] US patent publication 2009/0000781 discloses
a wellhead assembly incorporating a capillary hanger ar-
rangement. The assembly includes a valve with a man-
drel. A flange surrounds the mandrel. A capillary hanger
fits in the mandrel and has a flow passage with a first
port which communicates with a capillary string and a
side port which communicates with an injection port in
the flange. An alternative capillary hanger arrangement
is disclosed in US patent publication 2008/0029271.

SUMMARY

[0011] According to an aspect of the present invention
there is provided a method of capillary string deployment
as defined in claim 1. According to a further aspect of the
invention there is provided a capillary string deployment
apparatus as defined in claim 10. Further aspects are set
out in the dependent claims.
[0012] Capillary hanger arrangements allow operators
to deploy a capillary string through the bore of an existing
wellhead so the string can communicate hydraulic fluid
with a safety valve or other hydraulic tool downhole. For
example, operators tap a control port and a retention port
in the side of the wellhead, such as in an adapter between
a casing hanger and a gate valve or elsewhere. After the
hydraulic tool has been deployed downhole, operators
then connect the capillary string to a first port of an internal
passage in a capillary hanger and install the capillary
string through the wellhead. Eventually, the capillary
hanger is installed in the wellhead, for example, by land-
ing a distal end of the capillary hanger on a tubing hanger
in the wellhead. Once installed, a side port of the internal
passage in the capillary hanger can communicate with
the control line port tapped in the side of the wellhead.
Because the side port’s location may not align with the
control port, operators may need to measure how long
the capillary hanger should be and either modify its length
or design it with the appropriate length. Once the hanger
is installed, operators insert retention rods in the retention
port to support the capillary hanger. Then, operators con-
nect a control line to the control port in the wellhead’s
side so hydraulic fluid can communicate with the capillary
line through the internal passage in the capillary hanger.
Eventually, fluid flow in the wellhead is allowed to flow

through an axial flow passage in the capillary hanger.
These and other embodiments are disclosed herein.
[0013] The present disclosure provides a capillary
string deployment method, comprising: installing a seat
in a gate valve of a wellhead, the seat defining an aperture
therein; installing a bonnet on the gate valve, the bonnet
defining a control line port communicable with the aper-
ture in the seat; attaching a capillary string to a first port
of an internal passage in a capillary hanger; conveying
the capillary string through the wellhead; and installing
the capillary hanger at least partially in the seat so that
a side port of the internal passage in the capillary hanger
is communicable with the control line port via the aperture
in the seat.
[0014] The disclosure also provides capillary string de-
ployment apparatus, comprising: a gate valve seat dis-
posing in a gate valve of a wellhead and having an ap-
erture communicating with a control line port defined in
the wellhead; and a capillary hanger installing in the gate
valve seat, the capillary hanger defining at least one flow
passage therethrough for fluid flow through the wellhead,
the capillary hanger defining an internal passage having
a first port and a side port, the first port communicable
with a capillary string extendable downhole from the well-
head, the side port communicable with the aperture in
the gate valve seat.
[0015] An alternative method is also disclosed herein,
namely a wellhead capillary string deployment method,
comprising: attaching a capillary string to a first port of
an internal passage in a capillary hanger; conveying the
capillary string through a wellhead; installing the capillary
hanger in the wellhead; sealing a side port of the internal
passage of the capillary hanger from a bore of the well-
head; and communicating the side port with a control line
port defined in a side of the wellhead.
[0016] The alternative method may further comprise
initially tapping the control line port in the side of the well-
head.
[0017] Preferably, the alternative method further com-
prises initially tapping a retention port in the side of the
wellhead, and comprises: installing a retention rod
through the retention port after landing the capillary hang-
er in the wellhead, and engaging an end of the retention
rod in an external pocket defined in the capillary hanger.
[0018] Desirably, tapping the control line port in the
side of the wellhead in the alternative method comprises
one of: {i} drilling the control line port in a side of an adapt-
er disposed above a hanger bowl, {ii} drilling the control
line port in a bonnet of a gate valve of the wellhead, and
{iii} drilling an aperture in a side of a gate valve seat in
which at least a portion of the capillary hanger installs.
[0019] Preferably, the control line port is defined in a
bonnet of a gate valve of the wellhead, and the alternative
method comprises: extending a line from the control line
port and through the gate valve; and connecting the line
to an aperture in a seat of the gate valve, the aperture
communicating the line with the side port of the capillary
hanger.
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[0020] Desirably, installing the capillary hanger in the
wellhead in the alternative method comprises landing the
capillary hanger on a tubing hanger disposed in the well-
head.
[0021] Preferably, the alternative method comprises:
determining a first axial distance from the side port to a
distal end on the capillary hanger so that the side port is
communicable with the control line port when the capil-
lary hanger is installed in the wellhead; and configuring
the capillary hanger with the first axial distance. The act
of determining the first axial distance may comprise de-
termining a second axial distance in the wellhead from a
port location of the control line port to a landing location
for the capillary hanger. The act of configuring the cap-
illary hanger may comprise removing a portion of the cap-
illary hanger so that the first axial distance is equivalent
to the second axial distance, or it may comprise designing
the capillary hanger with the first axial distance being
equivalent to the second axial distance.
[0022] Preferably, the alternative method further com-
prises attaching a control line outside the wellhead to the
control line port, the control line communicating with the
capillary string via the side port, the internal passage,
and the first port of the capillary hanger.
[0023] Desirably, the alternative method further com-
prises permitting fluid flow in the wellhead through a flow
passage defined in the capillary hanger.
[0024] Preferably, the alternative method further com-
prises coupling the capillary string to a hydraulic tool
downhole from the wellhead. The hydraulic tool may
comprise a safety valve.
[0025] An alternative apparatus is also disclosed here-
in, namely a capillary string deployment apparatus, com-
prising: a capillary hanger installing in a bore of an exist-
ing wellhead, the capillary hanger defining at least one
flow passage therethrough for fluid flow through the bore
of the existing wellhead, the capillary hanger defining an
internal passage having a first port and side port, the first
port communicable with a capillary string extendable
downhole from the wellhead, the side port defined in a
sidewall of the capillary hanger and communicable with
a control line port defined in a side of the existing well-
head.
[0026] Preferably, in the alternative apparatus the
hanger further comprises a pair of seals disposed on the
sidewall of the capillary hanger and sealing the side port
from the bore of the existing wellhead. Desirably, the cap-
illary hanger comprises an annular pocket defined
around the sidewall of the capillary hanger, and wherein
the alternative apparatus further comprises a retention
rod insertable through a retention port defined in the side
of the wellhead, the retention rod engageable in the an-
nular pocket of the capillary hanger.
[0027] Preferably, in the alternative apparatus a distal
end of the capillary hanger installs at least partially in a
tubing hanger in the wellhead, and wherein the first port
is communicable with a bore of the tubing hanger. De-
sirably, the capillary hanger is a gate valve seat installing

in a gate valve of the wellhead, the gate valve defining
the control line port and having a line extending from the
control line port to the side port in the capillary hanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIGS. 1A-1B illustrate a surface controlled subsur-
face safety valve according to the prior art.
FIGS. 2A-2B illustrate another surface controlled
subsurface safety valve according to the prior art.
FIG. 3 illustrates a cross-section of a retrievable sur-
face controlled subsurface safety valve according to
one embodiment of the present disclosure.
FIG. 4 illustrates an example of male and female
members of a preferred quick connector for use with
the disclosed valves.
FIG. 5A illustrates a detailed cross-section of an up-
per portion of the valve in FIG. 3.
FIG. 5B illustrates a detailed cross-section of a lower
portion of the valve in FIG. 3.
FIG. 6 illustrates a cross-section of a retrievable sur-
face controlled subsurface safety valve according to
another embodiment of the present disclosure.
FIG. 7A illustrates a detailed cross-section of an up-
per portion of the valve in FIG. 6.
FIG. 7B illustrates a detailed cross-section of a lower
portion of the valve in FIG. 6.
FIGS. 8A-8D illustrate cross-sectional views of a
wellhead assembly in various stages of deploying
the surface controlled safety valve of FIG. 6.
FIG. 9A is a detailed cross-section of a capillary
hanger of the assembly of FIGS. 8A-8D.
FIG. 9B is a top view of the capillary hanger of FIG.
9A.
FIGS. 10A-10C show additional capillary hanger ar-
rangements for deploying a control line in a wellhead
assembly.
FIGS. 11A-11B show a capillary hanger arrange-
ment for deploying a control line in a wellhead as-
sembly without the need to hot tap components of
the assembly.
FIG. 12 shows an alternate capillary hanger arrange-
ment for deploying a control line in a wellhead as-
sembly without the need to hot tap components of
the assembly.
FIG. 13 shows a capillary hanger and gate valve seat
arrangement for deploying a control line in a well-
head assembly without the need to hot tap compo-
nents of the assembly.
FIG. 14 is a cross-sectional view of another wellhead
assembly for deploying a surface controlled safety
valve according to the present disclosure.

DETAILED DESCRIPTION

[0029] As disclosed herein, a surface controlled sub-

5 6 



EP 2 236 741 B1

5

5

10

15

20

25

30

35

40

45

50

55

surface safety valve apparatus can be installed in a well
that either has or does not have existing hardware for a
surface controlled valve. Coil tubing communicates the
hydraulic fluid to the apparatus to operate the valve. One
disclosed valve apparatus deploys in a well that has an
existing safety valve nipple and is retrievable therefrom.
Another disclosed valve apparatus deploys in tubing of
a well with or without a safety valve nipple.

I. Retrievable Surface Controlled Subsurface Safety 
Valve

[0030] A retrievable surface controlled subsurface
safety valve 300 illustrated in FIG. 3 installs in a well
having existing hardware for a surface controlled valve
and can be deployed in the well using standard wireline
procedures. When run in the well, the valve 300 lands in
the existing landing nipple 50 after the inoperable safety
valve has been removed.
[0031] The safety valve 300 has a housing 302 with a
landing portion 310 and a safety valve portion 360. The
landing portion 310 best shown in FIG. 5A has locking
dogs 332 movable on the housing 302 between engaged
and disengaged positions. In the engaged position, for
example, the locking dogs 332 engage a groove 52 in
the surrounding landing nipple 50 to hold the valve 300
in the nipple 50. The valve portion 360 best shown in
FIG. 5B has a flapper 390 rotatably disposed on the hous-
ing 302. The flapper 390 rotates on a pivot pin 392, and
a torsion spring 394 biases the flapper 390 to a closed
position.
[0032] To operate the landing portion 310, an upper
sleeve 320 shown in FIG. 5A movably disposed within
the housing 302can be mechanically moved between up-
per and lower locked positions against the bias of a spring
324. In the upper locked position as shown in FIG. 5A,
the upper sleeve 320’s distal end 326 moves the locking
dogs 332 to the engaged position so that they engage
the landing nipple’s groove 52. Although not shown, the
upper sleeve 320 can be mechanically moved to a lower
position that permits the locking dogs 332 to move to the
disengaged position free from the groove 52.
[0033] To operate the valve portion 360, a lower sleeve
380 shown in FIG. 5B movably disposed within the hous-
ing 302 can be hydraulically moved from an upper posi-
tion to a lower position against the bias of a spring 386.
When hydraulically moved to the lower position (not
shown), the sleeve 380 moves the flapper 390 open. In
the absence of sufficient hydraulic pressure, however,
the bias of the spring 386 moves the sleeve 380 to the
upper position shown in FIG. 5B, permitting the flapper
390 to close by its own torsion spring 394 about its pivot
pin 392.
[0034] With a basic understanding of the operation of
the valve 300, discussion now turns to a more detailed
discussion of its components and operation.

A. Deploying the Valve

[0035] In deploying the valve 300, a conventional wire-
line tool (not shown) couples to the profile in the upper
end of the valve’s housing 302 and lowers the valve 300
to the landing nipple 50. While it is run downhole, trigger
dogs 322 on the upper sleeve 320 remain engaged in
lower grooves 312 in the housing 302, while the upper
sleeve 320 allows the locking dogs 332 to remain disen-
gaged. When in position, the tool actuates the landing
portion 310 by moving the upper sleeve 320 upward
against the bias of spring 324 and disengaging the trigger
dogs 322 from the lower grooves 312 so they engage
upper grooves 314. With the upward movement of the
sleeve 320, the sleeve’s distal end 326 pushes out the
locking dogs 332 from the housing 302 so that they en-
gage the landing nipple’s groove 52 as shown in FIG.
5A. Once landed, upper and lower chevrons 340/342 on
the housing 302 also seal above and below the existing
port 54 in the landing nipple 50 provided for the removed
valve.

B. Operating the Flapper on the Valve

[0036] With the valve 300 landed in the nipple 50, op-
erators lower a capillary string 304 down hole to the valve.
This capillary string 304 can be hung from a capillary
hanger (not shown) at the surface. The capillary string
304 may include blade centralizers 305 to facilitate low-
ering the string 304 downhole. The string 304’s distal end
passes into the valve’s housing 302, and a hydraulic con-
nector 350 is used to couple the string 304 to the valve
300. In particular, a female member 352 of the hydraulic
connector 350 on the distal end mates with a male mem-
ber 354 on the valve 300.
[0037] Briefly, FIG. 4 shows one example of a connec-
tor 350 that can be used with the valves of the present
disclosure. The connector 350 can be an automatic con-
nector from Staubli of France. The male member 354
can have part no. N01219806, and the female member
352 can have part no. N01219906. The connector 350
can have an exterior pressure rating of about 350 Bar,
an interior pressure rating of 550 Bar when coupled, a
coupling force of 25 Kg, and a decoupling force of 200 Kg.
[0038] Once the members 352/354 are connected as
shown, the capillary string 304 communicates with an
internal port 372 defined in a projection 370 within the
valve 300 as shown in FIG. 5B. Operators then inject
pressurized hydraulic fluid through the capillary string
304. As the fluid reaches the internal port 372, it fills the
annular space 375 surrounding the projection 370.
[0039] From the annular space 375, the fluid reaches
a passage 365 in the valve portion 360 and engages an
internal piston 382. Hydraulic pressure communicated
by the fluid moves this piston 382 downward against the
bias of a spring 386 at the piston’s end 384. The down-
ward moving end 384 moves the inner sleeve 380 con-
nected thereto so that the inner sleeve 380 forces open
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the flapper 390. In this way, the valve portion 360 can
operate in a conventional manner. As long as hydraulic
pressure is supplied to the piston 382 via the capillary
string 304, for example, the inner sleeve 380 maintains
the flapper 390 open, thereby permitting fluid communi-
cation through the valve’s housing 302. When hydraulic
pressure is released due to an unexpected up flow or the
like, the spring 386 moves the inner sleeve 380 away
from the flapper 390, and the flapper 390 is biased shut
by its torsion spring 394, thereby sealing fluid communi-
cation through the valve’s housing 302.

C. Retrieving the Valve

[0040] Retrieval of the valve 300 can be accomplished
by uncoupling the hydraulic connector 350 and removing
the capillary string 304. Then, a conventional wireline
tool can engage the profile in valve’s upper end, disen-
gage the locking dogs 332 from the nipple’s slot 52, and
pull the valve 300 up hole.

D. Advantages

[0041] As opposed to prior art subsurface controlled
safety valves, the disclosed valve 300 has a number of
advantages, some of which are highlighted here. In one
advantage, the valve 300 deploys in a way that lessens
potential damage to the valve’s components, such as the
male member 354 and movable components. In addition,
communication of hydraulic fluid to the safety valve por-
tion 360 is achieved using an intermediate projection 370
and a single port 372 communicating with an annular
space 375 and piston 382 without significantly obstruct-
ing the flow passage through the valve 300. Furthermore,
operation of the valve portion 360 does not involve a
number of movable components exposed within the flow
passage of the valve 300, thereby reducing potential
damage to the valve portion 360.

II. Subsurface Safety Valve with Integral Pack Off

[0042] The previous embodiment of safety valve 300
lands into an existing landing nipple 50 downhole. By
contrast, a surface controlled subsurface safety valve
400 in FIG. 6 installs in a well that does not necessarily
have existing hardware for a surface controlled valve.
Here, the valve 400 has a hydraulically-set packer/pack-
off portion 410 and a safety valve portion 460 that are
both set simultaneously using hydraulic pressure from a
safety valve control line.
[0043] For the pack-off portion 410, the valve 400 has
a packing element 420 and slips 430 disposed thereon.
The packing element 420 is compressible from an un-
compressed condition to a compressed condition in
which the element 420 engages an inner wall of a sur-
rounding conduit (not shown), such as tubing or the like.
The slips 430 are movable radially from the housing 402
from disengaged to engaged positions in which they con-

tact the surrounding inner conduit wall. The slips 430 can
be retained by a central portion (not shown) of a cover
431 over the slips 430 and may be biased by springs,
rings or the like.
[0044] For the valve portion 460, the valve 400 has a
flapper 490 rotatably disposed on the housing 402 by a
pivot pin 492 and biased by a torsion spring 494 to a
closed position. The flapper 3490 can move relative to
the valve’s internal bore between opened and closed po-
sitions to either permit fluid communication through the
valve’s bore 403 or not.
[0045] To operate the packer portion 410, hydraulic
fluid moves an upper sleeve 440 moves within the hous-
ing’s bore. In one position as shown in FIG. 7A, for ex-
ample, the upper sleeve 440 leaves the packing element
420 in the uncompressed condition. However, when the
upper sleeve 440 is hydraulically moved to a lower posi-
tion, the sleeve 440’s movement compresses the packing
element 420 into a compressed condition so as to engage
the inner conduit wall.
[0046] To operate the valve portion 460, a lower sleeve
480 shown in FIG. 7B movably disposed within the hous-
ing 402 can be hydraulically moved from an upper posi-
tion to a lower position against the bias of a spring 486.
When hydraulically moved to the lower position (not
shown), the sleeve 480 moves the flapper 490 open. In
the absence of sufficient hydraulic pressure, the bias of
the spring 486 moves the sleeve 480 to the upper posi-
tion, permitting the flapper 490 to close.
[0047] With a basic understanding of the operation of
the valve 400, discussion now turns to a more detailed
discussion of its components and operation.

A. Deploying the Valve

[0048] The valve 400 is run in the well using capillary
string technology. For example, a capillary string 404
connects inside the valve housing 400 with a hydraulic
connector 450 having both a male member 454 and fe-
male member 452 similar to that disclosed in FIG. 3. The
valve 400 is then lowered by the capillary string 404 to a
desired position downhole, and the string 404 is hung
from a capillary hanger (not shown) at the surface. The
capillary hanger preferably installs in a wellhead adapter
at the wellhead tree. The hanger preferably locks into the
gap between the flange of the hanger bowl and the flange
of the tree supported above. The hanger seals in the
body of the tree using self-energizing packing and is ac-
cessed by drilling and tapping the tree.
[0049] Once positioned, both the packer portion 410
and the safety valve portion 460 are hydraulically set by
control line pressure communicated via the capillary
string 404. In particular, the capillary string 404 commu-
nicates with the sleeve’s internal port 472 defined in a
projection 470 positioned internally in the housing 402.
Operators then inject pressurized hydraulic fluid through
the capillary string 404. When the fluid reaches the inter-
nal port 472 as shown in FIG. 7B, it fills the annular space
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475 surrounding the projection 470.
[0050] From the intermediate annular space 475, the
fluid communicates via an upper passage 445 to an upper
annular space 444 near the upper sliding sleeve 440. As
[0051] discussed below, fluid communicated via this
passage 445 operate the valve’s packer portion 410.
From the intermediate annular space 475, the fluid also
communicates via a lower passage 465 in the valve por-
tion 460 and engages a piston 480. As discussed below,
fluid communicated via this passage 465 operates the
valve portion 460.

B. Hydraulically Operating the Pack Off

[0052] In operating the valve’s packer portion 410, the
fluid communicated by upper passage 445 fills the upper
annular space 444 which is best shown in FIG. 7B.
Trapped by sealing member 446, the fluid increase the
size of the space 444 and pushes against the sleeve
440’s surrounding rib 442, thereby forcing the sleeve 440
downward. As the sleeve 440 moves downward, it moves
an upper member 422 connected at the sleeve 440’s
upper end toward a lower member 424 disposed about
the sleeve 440. These members 422/424 compress the
packer element 420 between them so that it becomes
distended and engages an inner conduit wall (not shown)
surrounding it. As preferred, this packing element 420 is
a solid body of elastomeric material to create a fluid tight
seal between the housing and the surrounding conduit.
[0053] As the sleeve 440 moves downward, it moves
not only upper and lower members 422/424 but also
moves an upper wedged member 432 toward a lower
wedged member 434 fixed to lower housing members
440 and 442. As the sleeve 440 moves downward, there-
fore, the wedged members 432/434 push the slips 430
outward from the housing 402 to engage the inner conduit
wall (not shown) surrounding the housing 302. Eventu-
ally, as the sleeve 440 is moved downward, outer serra-
tions or grooves 441 on the sleeve 440 engage locking
rings 443 positioned in the housing 402 to prevent the
sleeve 440 from moving upward.

C. Hydraulically Operating the Flapper

[0054] Simultaneously, the communicated hydraulic
fluid operates the safety valve portion 460. Here, hydrau-
lic pressure communicated by the fluid via passage 465
moves the piston 482 downward against the bias of
spring 486. The downward moving piston 482 also moves
the inner sleeve 480, which in turn forces open the rotat-
able flapper 490 about its pin 392. In this way, the valve
portion 460 can operate in a conventional manner. When
hydraulic pressure is released due to an unexpected up
flow or the like, the spring 486 moves the inner sleeve
484 away from the flapper 490, and the flapper 490 is
biased shut by its torsion spring 494.

D. Retrieving the Valve

[0055] Retrieval of the safety valve 400 can use the
capillary string 404. Alternatively, retrieval can involve
releasing the capillary string 404 and using standard
wireline procedures to pull the safety valve 400 from the
well in a manner similar to that used in removing a down-
hole packer.

E. Advantages

[0056] As opposed to the prior art surface controlled
subsurface safety valves, the disclosed valve 400 has a
number of advantages, some of which are highlighted
here. In one advantage, the valve 400 uses a solid pack-
ing element and slip combination to produce the pack-
off in the tubing. This produces a more superior seal than
found in the prior art which uses a pile of packing cups.
Second, the flapper 490 of the valve 400 is operated us-
ing an annular rod piston arrangement with the compo-
nents concealed from the internal bore of the valve 400.
This produces a more reliable mechanical arrangement
than that found in the prior art where rod, piston, and
tubing connections are exposed within the internal bore
of the prior art valve. Third, the packing element 420 and
the rod piston 482 in the valve are actuated via hydraulic
fluid from one port 472 communicating with the coil tubing
404. This produces a simpler, more efficient communi-
cation of the hydraulic fluid as opposed to the multiple
cross ports and chambers used in the prior art.

F. Capillary Deployment

[0057] Finally, the disclosed valve 400 can be de-
ployed using a capillary string or coil tubing ranging in
size from 0.25" to 1.5" and can be retrieved by either the
capillary string or by standard wireline procedures. De-
ploying the valve 400 (as well as valve 300 of FIG. 3) can
use a capillary hanger that installs in a wellhead adapter
at the wellhead tree and that locks into the gap between
the flange of the hanger bowl and the flange of the tree
supported above. This capillary hanger preferably seals
in the body of the tree using self-energizing packing and
is accessed by drilling and tapping the tree.

1. Capillary Hanger Used with Adapter Having Cross 
Ports

[0058] For example, FIGS. 8A-8D show a wellhead as-
sembly 500 in various stages of deploying a surface con-
trolled safety valve (not shown), such as valve 400 of Fig.
6. As shown in FIG. 8A, the assembly 500 includes an
adapter 530 that bolts to the flange of a wellhead’s hanger
bowl 510 and that supports a spool, valve or one or more
other such tree component 540 thereabove. A tubing
hanger 520 positioned in the hanger bowl 510 seals with
the adapter 530 and supports tubing (not shown) down-
hole. It is understood that the wellhead assembly 500 will
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have additional components that are not shown.
[0059] Initially, the surface controlled safety valve
(400; Fig. 6) is installed downhole using capillary string
procedures so that the valve seats in the downhole tubing
according to the techniques discussed previously. The
length of capillary string used to seat the valve can be
measured for later use. After removing the capillary string
and leaving the seated valve, operators may install a
packer downhole as a secondary barrier. Then, operators
drill and tap the adapter 530 with a control line port 532
and one or more retention ports 534 that communicate
with the adapter’s central bore. These ports 532 and 534
are offset from one another.
[0060] As shown in FIG. 8B, operators then install a
capillary hanger 600 through the tree component 540
using a seating element 602 that threads internally in the
hanger 600. FIGS. 9A-9B show detailed views of the cap-
illary hanger 600. Once installed, the hanger 600 seats
on the tubing hanger 520, but the side port (632; Fig. 9A-
9B) on the hanger 600 is offset a distance C from the
control line port 532. Operators measure the point where
the control line port 532 aligns with the hanger 600 and
use this measurement to determine what length at the
end of the hanger 600 must be cut off so that the hanger’s
side port (632; Fig. 9A) can align with the control line port
532.
[0061] As shown in FIG. 8C, the excess on the end of
the hanger 600 is removed, and operators secure a
downhole capillary string or control line 550 to the central
control line port (630; Figs. 9A-9B) on the hanger 600.
Then, operators pass the capillary string 550 through the
spool 540, adapter 530, tubing hanger 520, and head
510 and seat the capillary hanger 600 on the tubing hang-
er 520. With the hanger 600 seated, a quick connector
(not shown) on the end of the capillary string 550 mates
inside the safety valve (not shown) downhole according
to the techniques described above. With the hanger 600
seated, upper and lower seals within the hanger’s
grooves (636; Fig. 9A) seal insides the adapter 530 above
and below the ports 534 and 536 to seal the capillary
hanger 600 in the assembly 500.
[0062] Finally, as shown in FIG. 8D, operators insert
and lock one or more retention rods 560 in the one or
more retention ports 534 so that they engage in the pe-
ripheral slot (634; Figs. 9A-9B) around the hanger 600
to hold the hanger 600 in the adapter 530. With the hanger
600 secured, operators connect a fitting and control line
570 to the control line port 532 on the adapter 530 so the
downhole safety valve can be hydraulically operated via
the capillary string 550. Eventually, the seating element
600 can be removed from the capillary hanger 600 so
that fluid can pass through axial passages (620; Figs.
9A-9B) in the hanger 600.

2. Capillary Hanger Used with Gate Valve and Adapt-
er Having Ports

[0063] FIGS. 10A-10C show additional wellhead as-

semblies 500 in which a capillary hanger 600 can be used
to deploy a capillary string 550 for a downhole hydraulic
tool, such as a surface controlled safety valve in Fig. 6.
As shown in FIGS. 10A-10C, the assemblies 500 each
have a hanger bowl 510, a tubing hanger 520, an adapter
530, and a gate valve 540 similar to those discussed
previously. In these assemblies 500, the side port 632 in
the capillary hanger 600 can communicate with a control
line port in the adapter 530 (i.e., port 532 in Fig. 10A) or
in the gate valve 540 (i.e., port 542 in Fig. 10B). In addi-
tion, the capillary hanger 600 can be retained by one or
more retention ports in the adapter 530 (i.e., port 534 in
Fig. 10A) or in the gate valve 540 (i.e., port 544 in Fig.
10B). Likewise, the hanger 600 in Fig. 10C can commu-
nicate with a control line port 532 in the adapter 530 and
can be retained by a retention port 544 in the gate valve
540.
[0064] In each of these arrangements, the surface con-
trolled safety valve (e.g., 400; Fig. 6) or other hydraulic
tool can initially be installed downhole using capillary
string procedures. After removing the capillary string, op-
erators drill and tap the control line ports and retention
ports as detailed above. For example, operators can drill
and tap both ports 532, 534 in the adapter 530 (Fig. 10A),
both ports 542, 544 in the gate valve 540 (Fig. 10B), or
one port 532 in the adapter 530 and one port 544 in the
gate valve 540 (Fig. 10C).
[0065] After tapping the wellhead components, oper-
ators drift either a suitably sized conduit or the capillary
hanger 600 itself through the gate valve 540 and land it
in the tubing hanger 620. Operators then measure the
axial distance between the control line port (532 or 542)
and the landing position on the tubing hanger 620. Using
that measured distance, operators then remove any ex-
cess length from the end of the capillary hanger 600 so
that once the hanger 600 is installed in the wellhead and
landed on the landing position, the hanger’s side port will
be at the needed level to communicate with the control
line port (532 or 534).
[0066] Having a properly sixed hanger 600, operators
then secure the capillary string 550 onto the hanger 600
and pass the string 550 through the assembly 500. The
hanger 600 then seats on the tubing hanger 520 to sup-
port the string 550 downhole. With the hanger 600 seat-
ed, first seals on the hanger 600 can seal inside the gate
valve 540, and second seals on the hanger 600 can seal
inside the adapter 530. For example, the hanger’s seals
in Fig. 10A seal the ports 532, 534, the seals in Fig. 10B
seal the ports 542, 544, and the seals in Fig. 10C seal
ports 532, 544 from the wellhead’s bore.
[0067] Finally, operators insert and lock one or more
retention rods (not shown) in the one or more retention
ports 534 and/or 544 so that the rods engage in the pe-
ripheral slot 634 around the hanger 600 to hold it in the
assembly 500. With the hanger 600 secured, operators
connect a control line fitting 570 to the control line port
532 or 542 to communicate hydraulic fluid with the cap-
illary string 550 through the capillary hanger 600. Even-
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tually, wellbore fluid can pass through a flow passage
620 in the hanger 600.

3. Capillary Hanger Used with Gate Valve Bonnet and 
Seat Having Ports

[0068] In yet another alternative, a capillary string can
be deployed through the wellhead and used for a down-
hole safety valve or other hydraulic tool without the need
for hot-tapping the wellhead components as in previous
arrangements. In this technique, the existing gate valve’s
seat and bonnet are modified to accept a control line.
This eliminates the need to drill holes in an adapter, in a
gate valve flange or body, or in another wellhead com-
ponent to install and secure a capillary hanger.
[0069] As shown in Fig. 11A, the wellhead assembly
500 includes a hanger bowl 510, a tubing hanger 520,
an adapter 530, and a gate valve 540 as before. Opera-
tors remove the gate valve bonnet 546 and the gate valve
mechanism 541. Then, operators either drill an aperture
547 in the seat 545 or replace the existing seat 545 with
one already having the aperture 547 formed therein.
[0070] At this point, operators can install the capillary
hanger 600. In this arrangement, the required length of
the hanger 600 may be known because the axial distance
between the gate valve’s seat 545 and the tubing hanger
520 may be known. Alternatively, operators may drift the
hanger 600 itself or some other suitably sized conduit
through the wellhead and land it on the tubing hanger
520. Then, operators can measure the axial distance
from this tubing hanger’s seating location to the valve
seat’s aperture 547. This measured distance can then
be used to modify the length of the hanger 600 or to
design a new hanger 600 with the appropriate axial length
from the side port 632 to the landing end on the hanger
600.
[0071] With a properly sized hanger 600, operators in-
stall the safety valve or other hydraulic tool downhole
using capillary string procedures. Then, operators attach
the capillary string 550 to the inner port end of the capillary
hanger 600 and install the string 550 through the well-
head. Eventually, operators seat the distal end of the
capillary hanger 600 in the tubing hanger 520. In seating,
the hanger 600 may thread into the bore of the tubing
hanger 620. Also, a seal (not shown) may be provided
in a surrounding notch on the hanger’s landing end so it
can seal against the inside of the tubing hanger 620.
[0072] As shown in more detail in Fig. 11B, seals 636
on the seated hanger 600 seal against the inside of the
gate valve seat 545 and seal the hanger’s side port 632
from the wellhead’s bore. The aperture 547 in the seat
545 communicates with the sealed space between these
seals 636 and communicates with the side port 632. Op-
erators connect one end of an auxiliary line 555 to the
seat’s aperture 547 by preferably threading the line 555
into the aperture 547. The other end of the line 555 con-
nects to the control line port 548 in the gate valve’s bonnet
546.

[0073] The control line port 548 can be angled as in
Fig. 11A or can be straight as in Fig. 11B. As best shown
in Fig. 11B, the auxiliary line 555 may be longer than the
distance between the bonnet 546 and the seat 545. Hav-
ing this extra length, the end of the line 555 can first be
connected to the seat’s aperture 547, and then the bonnet
546 can be fit onto the valve 540 with at least a portion
of the line 555 extending into the control line port 548 on
the bonnet 546. The excess length of the line 555 fitting
entirely or paritially inside the control line port 548 can
be sealed therein using techniques known in the art. In
Fig. 11A, for example, the line 555 passes through the
control line port 548 and is at least partially sealed therein
by the fitting 570.
[0074] Finally, a control line 575 connected to the fitting
570 at the port 548 on the bonnet 546 can communicate
with the capillary string 550 via control line 555, aperture
547, and hanger 600 so that the downhole safety valve
or other hydraulic tool can be hydraulically operated.
Eventually, fluid in the wellhead assembly 500 can pass
through the axial flow passage 620 in the hanger 600.
[0075] To install this arrangement, a replacement seat
545 and bonnet 546 can be provided for the particular
installation, and the modified replacement parts can be
installed at the wellsite to adapt the assembly 500 for
deploying the capillary string 500. Alternatively, opera-
tors can directly modify the existing seat 545 and bonnet
546 at the installation. Making modifications to the bonnet
546 and seat 545 is preferred over hot-tapping the gate
valve or any other components of the assembly 500. The
needed modifications will depend on the particular gate
valve 540. Likewise, the required length of the hanger
600 may vary depending on the implementation and may
be already known or determined during installation.

4. Capillary Hanger and Gate Valve Seat Combina-
tions

[0076] An alternative arrangement shown in FIG. 12
again has a capillary hanger 600 that disposes in the
gate valve seat 545 as before. Also, an auxiliary line 555
extends from the seat’s aperture 547 to the control line
port 548 in the valve’s bonnet 546. The hanger 600, cap-
illary line 550, seat 545, and other components of this
arrangement can be installed in much the same way as
discussed above.
[0077] Here, however, the hanger 600 does not extend
down through the wellhead to seat in the tubing hanger
620 as in Figs. 11A-B. Rather, the hanger 600 fits mainly
in the valve’s seat 545 and can be held therein in a
number of ways. For example, an interference fit assisted
by the seals 636 may hold the hanger 600 in the bore
through the seat 545. Also, additional apertures can be
drilled through the sides of the seat 545, and retention
pins 638 can thread or fit inside these apertures so their
distal ends can engage in the external pocket 634 sur-
rounding the hanger’s outside surface. In addition, the
seat 545 may have its inner passage milled out with a
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greater diameter to accommodate the hanger 600 and
may be provided with a shoulder (not shown) to engage
either the upper or lower edge of the hanger 600 to help
retain the hanger 600 in the seat 545. Moreover, the outer
surface of the hanger 600 and the inner surface of the
seat 545 can be provided with threads. These and other
techniques can be used to hold the hanger 600 in the
seat 545.
[0078] In yet another alternative shown in FIG. 13, fea-
tures of a capillary hanger and gate valve seat disclosed
herein are combined together so that operators can de-
ploy the capillary string 550 in the wellhead without the
need to hot tap components of the wellhead. As shown,
a hanger-seat element 600’ has features of both a cap-
illary hanger and a gate valve seat discussed previously
but integrated together. In this arrangement, operators
design the hanger-seat element 600’ as a replacement
part for the particular gate valve 540at the wellhead.
Knowing the type of valve, its dimensions, and other char-
acteristics, for example, the hanger-seat element 600’
can be particularly designed for the installation at the
wellsite.
[0079] To install this replacement element 600’, oper-
ators remove the gate valve mechanism 541, connect
the capillary string 550 to the inner port end of the element
600’ with a fitting 552, and deploy the string 550 through
the wellhead. As they deploy the string, operators even-
tually position the hanger-seat element 600’ in the gate
valve 540 below the location where the gate mechanism
541 situates. Then, operators thread the end of the line
555 to the side port 602 in the element 600’, fit the gate
valve mechanism 541 back in the gate valve’s housing,
and fit a redesigned or modified bonnet (e.g. 546; Fig.
12) onto the gate valve 540 in a fashion similar to that
discussed previously. Eventually, a control line and fitting
(570; Fig. 12) coupled to the internal line 555 can com-
municate with the capillary string 550 via the internal pas-
sage 630 and side port 632 of the hanger-seat element
600’.

5. Tubing Hanger and Hanger Bowl with Port

[0080] Another alternative for deploying the surface
controlled safety valve (400; Fig. 6) or other hydraulic
tool can use one of the hanger and wellhead arrange-
ments disclosed in U.S. Application Ser. No. 11/925,498,
which is incorporated herein by reference. As shown in
FIG. 14, for example, a wellhead arrangement 700 has
a hanger bowl 710 and tubing hanger 720. A capillary
string 740 connects to the downhole valve (not shown)
and to the bottom end of the tubing hanger 720. Fluid
communication with the string 740 is achieved by drilling
and tapping a connection 730 in the hanger bowl 710
that communicates with a side port in the tubing hanger
720.
[0081] The foregoing description of preferred and other
embodiments is not intended to limit or restrict the scope
or applicability of the inventive concepts conceived of by

the Applicants. Although the capillary hanger arrange-
ments have been described for use with a surface con-
trolled subsurface safety valve, it will be appreciated with
the benefit of the present disclosure that the disclosed
arrangements can be used with any other downhole tool
that uses a control line for operation. In exchange for
disclosing the inventive concepts contained herein, the
Applicants desire all patent rights afforded by the ap-
pended claims. Therefore, it is intended that the append-
ed claims include all modifications and alterations to the
full extent that they come within the scope of the following
claims or the equivalents thereof.

Claims

1. A capillary string deployment method, comprising:

installing a seat (545) inside a gate valve (540)
of a wellhead (500), the seat (545) defining an
aperture (547) therein;
installing a gate valve mechanism (541) sup-
ported on the seat (545) inside the gate valve
(540);
installing a bonnet (546) on the gate valve (540)
coupled to the gate valve mechanism (541) in-
side the gate valve (540), the bonnet (546) de-
fining a control line port (548) communicable
with the aperture (547) in the seat (545);
attaching a capillary string (550) to a first port
(552) of an internal passage (630) in a capillary
hanger (600);
conveying the capillary string (550) through the
wellhead (500); and
installing the capillary hanger (600) at least par-
tially in the seat (545) so that a side port (632)
of the internal passage (630) in the capillary
hanger (600) is communicable with the control
line port (548) via the aperture (547) in the seat
(545).

2. The method of claim 1, wherein installing the capil-
lary hanger (600) comprises landing the capillary
hanger (600) on a tubing hanger (520) disposed in
the wellhead (500).

3. The method of claim 1, further comprising:

determining a first axial distance from the side
port (632) to a distal end on the capillary hanger
(600) so that the side port (632) is communicable
with the control line port (548) when the capillary
hanger (600) is installed in the wellhead (500);
and
configuring the capillary hanger (600) with the
first axial distance.

4. The method of claim 3, wherein the act of determin-
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ing the first axial distance comprises determining a
second axial distance in the wellhead (500) from a
port location of the control line port (548) to a landing
location for the capillary hanger (600).

5. The method of claim 4, wherein the act of configuring
the capillary hanger (600) comprises:

removing a portion of the capillary hanger (600)
so that the first axial distance is equivalent to
the second axial distance; or
designing the capillary hanger (600) with the first
axial distance being equivalent to the second
axial distance.

6. The method of claim 1, further comprising initially
drilling the control line port (548) in the bonnet (546),
and drilling the aperture (547) in the seat (545).

7. The method of claim 1, further comprising installing
a line (555) that extends from the control line port
(548) and through the gate valve (540) and couples
to the aperture (547) in the seat (545).

8. The method of claim 1, wherein installing the capil-
lary hanger (600) comprises sealing the side port
(632) from an inside bore of the seat (545).

9. The method of claim 1, further comprising:

attaching a control line (575) outside the bonnet
(546) to the control line port (548), the control
line (575) communicating with the capillary
string (550) via the side port (632), the internal
passage (630), and the first port (552) in the cap-
illary hanger (600);
permitting fluid flow in the wellhead (500)
through a flow passage (630) defined in the cap-
illary hanger (600); or
coupling the capillary string (550) to a hydraulic
tool downhole from the wellhead (500).

10. A capillary string (550) deployment apparatus, com-
prising:

a gate valve seat (545) disposed inside a gate
valve (540) of a wellhead (500) and supporting
a gate valve mechanism (541) inside the gate
valve (540), the gate valve seat (545) having an
aperture (547) communicating with a control line
port (548) defined in the wellhead (500); and
a capillary hanger (600) installed in the gate
valve seat (545), the capillary hanger (600) de-
fining at least one flow passage (620) there-
through for fluid flow through the wellhead (500),
the capillary hanger (600) defining an internal
passage (630) having a first port (552) and a
side port (632), the first port (552) communicable

with a capillary string (550) extendable down-
hole from the wellhead (500), the side port (632)
communicable with the aperture (547) in the
gate valve seat (545).

11. The apparatus of claim 10, wherein the hanger (600)
further comprises a pair of seals (636) disposed ther-
eon and sealing the side port (632) from a bore of
the gate valve seat (545).

12. The apparatus of claim 10, wherein the capillary
hanger (600) comprises an annular pocket (634) de-
fined around the sidewall of the capillary hanger
(600), and wherein the apparatus further comprises
a retention rod insertable through a retention port
defined in a side of the wellhead (500), the retention
rod engageable in the annular pocket of the capillary
hanger (600).

13. The apparatus of claim 10, wherein a distal end of
the capillary hanger (600) installs at least partially in
a tubing hanger (520) in the wellhead (500), and
wherein the first port (552) is communicable with a
bore of the tubing hanger (520).

14. The apparatus of claim 13, further comprising a bon-
net (546) of the gate valve (540) for the wellhead
(500), the bonnet (546) defining the control line port
(548) therein.

15. The apparatus of claim 14, further comprising a line
(555) positioned in the gate valve (540) and commu-
nicating the control line port (548) in the bonnet (546)
with the aperture (547) in the seat (545).

16. The apparatus of claim 10, wherein the capillary
hanger (600) and the gate valve seat (545) are inte-
grally formed together (600’).

Patentansprüche

1. Verfahren zum Bereitstellen eines Kapillarstrangs,
umfassend die folgenden Schritte:

Installieren eines Sitzes (545) im Inneren eines
Schieberventils (540) eines Bohrlochkopfs
(500), wobei der Sitz (545) eine Öffnung (547)
in diesem definiert;
Installieren eines Schieberventilmechanismus
(541), der auf dem Sitz (545) im Inneren des
Schieberventils (540) getragen wird;
Installieren einer Haube (546) auf dem Schie-
berventil (540), die mit dem Schieberventilme-
chanismus (541) im Inneren des Schieberventils
(540) gekoppelt ist, wobei die Haube (546) einen
Steuerleitungsanschluss (548) definiert, der mit
der Öffnung (547) in dem Sitz (545) kommuni-
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zieren kann;
Befestigen eines Kapillarstrangs (550) an einem
ersten Anschluss (552) eines internen Durch-
gangs (630) in einer Kapillaraufhängung (600);
Befördern des Kapillarstrangs (550) durch den
Bohrlochkopf (500) hindurch; und
Installieren der Kapillaraufhängung (600) zu-
mindest teilweise in dem Sitz (545), so dass ein
Seitenanschluss (632) des internen Durch-
gangs (630) in der Kapillaraufhängung (600)
über die Öffnung (547) in dem Sitz (545) mit dem
Steuerleitungsanschluss (548) kommunizieren
kann.

2. Verfahren nach Anspruch 1, wobei das Installieren
der Kapillaraufhängung (600) das Landen der Kapil-
laraufhängung (600) auf einer Rohraufhängung
(520) umfasst, die in dem Bohrlochkopf (500) ange-
ordnet ist.

3. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

Ermitteln eines ersten axialen Abstands von
dem Seitenanschluss (632) zu einem distalen
Ende der Kapillaraufhängung (600), so dass der
Seitenanschluss (632) mit dem Steuerleitungs-
anschluss (548) kommunizieren kann, wenn die
Kapillaraufhängung (600) in dem Bohrlochkopf
(500) installiert ist; und
Konfigurieren der Kapillaraufhängung (600) mit
dem ersten axialen Abstand.

4. Verfahren nach Anspruch 3, wobei der Schritt des
Ermittelns des ersten axialen Abstands das Ermit-
teln eines zweiten axialen Abstands in dem Bohr-
lochkopf (500) von einer Anschlussposition des
Steuerleitungsanschlusses (548) zu einer Lan-
dungsposition für die Kapillaraufhängung (600) um-
fasst.

5. Verfahren nach Anspruch 4, wobei der Schritt des
Konfigurierens der Kapillaraufhängung (600) um-
fasst:

Entfernen eines Abschnitts der Kapillaraufhän-
gung (600), so dass der erste axiale Abstand
dem zweiten axialen Abstand entspricht; oder
Konstruieren der Kapillaraufhängung (600) in ei-
ner Weise, dass der erste axiale Abstand dem
zweiten axialen Abstand entspricht.

6. Verfahren nach Anspruch 1, des Weiteren umfas-
send das anfängliche Bohren des Steuerleitungsan-
schlusses (548) in der Haube (546) und das Bohren
der Öffnung (547) in dem Sitz (545).

7. Verfahren nach Anspruch 1, des Weiteren umfas-

send das Installieren einer Leitung (555), die ausge-
hend von dem Steuerleitungsanschluss (548) und
durch das Schieberventil (540) hindurch verläuft und
mit der Öffnung (547) in dem Sitz (545) gekoppelt ist.

8. Verfahren nach Anspruch 1, wobei das Installieren
der Kapillaraufhängung (600) das Abdichten des
Seitenanschlusses (632) ausgehend von einer in-
nenseitigen Bohrung des Sitzes (545) umfasst.

9. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

Befestigen einer Steuerleitung (575) außerhalb
der Haube (546) an dem Steuerleitungsan-
schluss (548), wobei die Steuerleitung (575)
über den Seitenanschluss (632), den internen
Durchgang (630) und den ersten Anschluss
(552) in der Kapillaraufhängung (600) mit dem
Kapillarstrang (550) kommuniziert;
Erlauben von Fluidströmung in dem Bohrloch-
kopf (500) durch einen Strömungsdurchgang
(630) hindurch, der in der Kapillaraufhängung
(600) definiert ist; oder
Koppeln des Kapillarstrangs (550) mit einem hy-
draulischen Werkzeug, dass sich ausgehend
von dem Bohrlochkopf (500) untertage befindet.

10. Vorrichtung zum Bereitstellen eines Kapillarstrangs
(550), umfassend:

einen Schieberventilsitz (545), der im Inneren
eines Schieberventils (540) eines Bohrloch-
kopfs (500) angeordnet ist und einen Schieber-
ventilmechanismus (541) im Inneren des Schie-
berventils (540) trägt, wobei der Schieberventil-
sitz (545) eine Öffnung (547) aufweist, die mit
einen Steuerleitungsanschluss (548) kommuni-
ziert, der in dem Bohrlochkopf (500) definiert ist;
und
eine Kapillaraufhängung (600), die in dem
Schieberventilsitz (545) installiert ist, wobei die
Kapillaraufhängung (600) mindestens einen
Strömungsdurchgang (620) durch diese hin-
durch definiert, um Fluidströmung durch den
Bohrlochkopf (500) hindurch zu ermöglichen,
wobei die Kapillaraufhängung (600) einen inter-
nen Durchgang (630) definiert, der einen ersten
Anschluss (552) und einem Seitenanschluss
(632) aufweist, wobei der erste Anschluss (552)
mit einem Kapillarstrang (550) kommunizieren
kann, der ausgehend von dem Bohrlochkopf
(500) untertage verlängerbar ist, wobei der Sei-
tenanschluss (632) mit der Öffnung (547) in dem
Schieberventilsitz (545) kommunizieren kann.

11. Vorrichtung nach Anspruch 10, wobei die Aufhän-
gung (600) des Weiteren ein Paar Dichtungen (636)
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umfasst, die darauf angeordnet sind und den Sei-
tenanschluss (632) ausgehend von einer Bohrung
des Schieberventilsitzes (545) abdichten.

12. Vorrichtung nach Anspruch 10, wobei die Kapilla-
raufhängung (600) eine ringförmige Tasche (634)
umfasst, die um die Seitenwand der Kapillaraufhän-
gung (600) herum definiert ist, und wobei die Vor-
richtung des Weiteren eine Haltestange umfasst, die
durch einen Halteanschluss hindurch einführbar ist,
der in einer Seite des Bohrlochkopfs (500) definiert
ist, wobei die Haltestange in die ringförmige Tasche
der Kapillaraufhängung (600) eingreifen kann.

13. Vorrichtung nach Anspruch 10, wobei ein distales
Ende der Kapillaraufhängung (600) zumindest teil-
weise in einer Rohraufhängung (520) in dem Bohr-
lochkopf (500) installiert ist, und wobei der erste An-
schluss (552) mit einer Bohrung der Rohraufhän-
gung (520) kommunizieren kann

14. Vorrichtung nach Anspruch 13, des Weiteren um-
fassend eine Haube (546) des Schieberventils (540)
für den Bohrlochkopf (500), wobei die Haube (546)
den Steuerleitungsanschluss (548) darin definiert.

15. Vorrichtung nach Anspruch 14, des Weiteren um-
fassend eine Leitung (555), die in dem Schieberven-
til (540) positioniert ist und die Kommunikation des
Steuerleitungsanschlusses (548) in der Haube (546)
mit der Öffnung (547) in dem Sitz (545) ermöglicht.

16. Vorrichtung nach Anspruch 10, wobei die Kapilla-
raufhängung (600) und der Schieberventilsitz (545)
einstückig zusammen ausgebildet sind (600’).

Revendications

1. Un procédé de déploiement de colonne capillaire,
comprenant :

l’installation d’un siège (545) à l’intérieur d’une
vanne-porte (540) d’une tête de puits (500), le
siège (545) définissant une ouverture (547) à
l’intérieur de celle-ci ;
l’installation d’un mécanisme de vanne-porte
(541) supporté sur le siège (545) à l’intérieur de
la vanne-porte (540) ;
l’installation d’un chapeau (546) sur la vanne-
porte (540) couplé au mécanisme de vanne-por-
te (541) à l’intérieur de la vanne-porte (540), le
chapeau (546) définissant un orifice de ligne de
commande (548) pouvant communiquer avec
l’ouverture (547) dans le siège (545) ;
la fixation d’une colonne capillaire (550) à un
premier orifice (552) d’un passage interne (630)
dans un dispositif de suspension capillaire

(600) ;
l’acheminement de la colonne capillaire (550) à
travers la tête de puits (500) ; et
l’installation du dispositif de suspension capillai-
re (600) au moins partiellement dans le siège
(545) de sorte qu’un orifice latéral (632) du pas-
sage interne (630) dans le dispositif de suspen-
sion capillaire (600) puisse communiquer avec
l’orifice de ligne de commande (548) via l’ouver-
ture (547) dans le siège (545).

2. Le procédé de la revendication 1, dans lequel l’ins-
tallation du dispositif de suspension capillaire (600)
comprend la pose du dispositif de suspension capil-
laire (600) sur un dispositif de suspension de colonne
de production (520) disposé dans la tête de puits
(500).

3. Le procédé de la revendication 1, comprenant en
outre :

la détermination d’une première distance axiale
depuis l’orifice latéral (632) jusqu’à une extré-
mité distale sur le dispositif de suspension ca-
pillaire (600) de sorte que l’orifice latéral (632)
puisse communiquer avec l’orifice de ligne de
commande (548) lorsque le dispositif de sus-
pension capillaire (600) est installé dans la tête
de puits (500) ; et
la configuration du dispositif de suspension ca-
pillaire (600) avec la première distance axiale.

4. Le procédé de la revendication 3, dans lequel l’acte
consistant à déterminer la première distance axiale
comprend la détermination d’une deuxième distance
axiale dans la tête de puits (500) depuis un empla-
cement d’orifice de l’orifice de ligne de commande
(548) jusqu’à un emplacement de pose pour le dis-
positif de suspension capillaire (600).

5. Le procédé de la revendication 4, dans lequel l’acte
consistant à configurer le dispositif de suspension
capillaire (600) comprend :

le retrait d’une partie du dispositif de suspension
capillaire (600) de sorte que la première distan-
ce axiale soit équivalente à la deuxième distan-
ce axiale ; ou
la conception du dispositif de suspension capil-
laire (600) avec la première distance axiale étant
équivalente à la deuxième distance axiale.

6. Le procédé de la revendication 1, comprenant en
outre le forage initial de l’orifice de ligne de comman-
de (548) dans le chapeau (546), et le forage de
l’ouverture (547) dans le siège (545).

7. Le procédé de la revendication 1, comprenant en
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outre l’installation d’une ligne (555) qui s’étend de-
puis l’orifice de ligne de commande (548) et à travers
la vanne-porte (540) et se couple à l’ouverture (547)
dans le siège (545).

8. Le procédé de la revendication 1, dans lequel l’ins-
tallation du dispositif de suspension capillaire (600)
comprend l’étanchéification de l’orifice latéral (632)
par rapport à un alésage intérieur du siège (545).

9. Le procédé de la revendication 1, comprenant en
outre :

la fixation d’une ligne de commande (575) à l’ex-
térieur du chapeau (546) à l’orifice de ligne de
commande (548), la ligne de commande (575)
communiquant avec la colonne capillaire (550)
via l’orifice latéral (632), le passage interne
(630), et le premier orifice (552) dans le dispositif
de suspension capillaire (600) ;
la permission d’un écoulement de fluide dans la
tête de puits (500) à travers un passage d’écou-
lement (630) défini dans le dispositif de suspen-
sion capillaire (600) ; ou
le couplage de la colonne capillaire (550) à un
outil hydraulique en fond de trou depuis la tête
de puits (500).

10. Un appareil de déploiement de colonne capillaire
(550), comprenant :

un siège de vanne-porte (545) disposé à l’inté-
rieur d’une vanne-porte (540) d’une tête de puits
(500) et supportant un mécanisme de vanne-
porte (541) à l’intérieur de la vanne-porte (540),
le siège de vanne-porte (545) ayant une ouver-
ture (547) communiquant avec un orifice de li-
gne de commande (548) défini dans la tête de
puits (500) ; et
un dispositif de suspension capillaire (600) ins-
tallé dans le siège de vanne-porte (545), le dis-
positif de suspension capillaire (600) définissant
au moins un passage d’écoulement à travers
celle-ci pour un écoulement de fluide à travers
la tête de puits (500), le dispositif de suspension
capillaire (600) définissant un passage interne
(630) ayant un premier orifice (552) et un orifice
latéral (632), le premier orifice (552) pouvant
communiquer avec une colonne capillaire (550)
extensible en fond de trou depuis la tête de puits
(500), l’orifice latéral (632) pouvant communi-
quer avec l’ouverture (547) dans le siège de van-
ne-porte (545).

11. L’appareil de la revendication 10, dans lequel le dis-
positif de suspension (600) comprend en outre une
paire de joints d’étanchéité (636) disposés sur celui-
ci et étanchéifiant l’orifice latéral (632) par rapport à

un alésage du siège de vanne-porte (545).

12. L’appareil de la revendication 10, dans lequel le dis-
positif de suspension capillaire (600) comprend une
poche annulaire (634) définie autour de la paroi la-
térale du dispositif de suspension capillaire (600), et
l’appareil comprenant en outre une tige de retenue
pouvant être insérée à travers un orifice de retenue
défini dans un côté de la tête de puits (500), la tige
de retenue pouvant venir en prise dans la poche an-
nulaire du dispositif de suspension capillaire (600).

13. L’appareil de la revendication 10, dans lequel une
extrémité distale du dispositif de suspension capil-
laire (600) s’installe au moins partiellement dans un
dispositif de suspension de tube (520) dans la tête
de puits (500), et dans lequel le premier orifice (552)
peut communiquer avec un alésage du dispositif de
suspension de colonne de production (520).

14. L’appareil de la revendication 13, comprenant en
outre un chapeau (546) de la vanne-porte (540) pour
la tête de puits (500), le chapeau (546) définissant
l’orifice de ligne de commande (548) à l’intérieur de
celui-ci.

15. L’appareil de la revendication 14, comprenant en
outre une ligne (555) positionnée dans la vanne-por-
te (540) et faisant communiquer l’orifice de ligne de
commande (548) dans le chapeau (546) avec
l’ouverture (547) dans le siège (545).

16. L’appareil de la revendication 10, dans lequel le dis-
positif de suspension capillaire (600) et le siège de
vanne-porte (545) sont formés de façon solidaire l’un
avec l’autre (600’).
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