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(57) L’ invention concerne un systeme de completion (57) A coiled tubing completion system (201) has a

pour colonne de production a enroulement (201), oripping mechanism (203) on a lower end which
comprenant un meécanisme d’accrochage (203) situ€¢ sur  land 1 a tubing hanger (209) and engage coiled
une extremite 1nférieure, laquelle repose sur la  tubing (217) extending through the tubing hanger (209).

suspension des tubes de production (209), cette A tubular member (231) 1s located above the
extréemit¢ 1nférieure entrant en contact avec la oripping member (203) and receives the upper end of
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colonne de production a enroulement (217) qui traverse
ladite suspension des tubes de production (209). Un
¢lément tubulaire (231), place au-dessus dudit
mecanisme  d’accrochage (203), recoit 1'extrémite
superieure de la colonne de production (217). Un joint
en mectal effilé (253) permet d’isoler ['¢lément
tubulaire (231) de la colonne de production a
enroulement (217). En pivotant, un e€crou filete (245)
active ce joint (233).
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the tubing (217). A tapered metal seal (253) seals

between the tubular member (231) and the coiled

tubing (217). A threaded nut (245) when rotated, causes

the seal (253) to energize.
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COILED TUBING COMPLETION SYSTEM

Description
Technical Field

This invention relates in general to completion systems and in particular to a

coiled tubing high pressure completion system.

Background Art

In certain wells, coiled tubing is used as a conduit to retrieve production
fluids. Coiled tubing is a continuous flexible metal tube that is unwound from a
large reel and forced into the well. Coiled tubing requires a completion system
having a specialized tubing hanger which suspends the coiled tubing in the well.
Typically, prior art coiled tubing hangers have a mechanism such as a clamp for
gripping the coiled tubing to support its weight and prevent its downward
movement. The tubing hangers also have some type of elastomeric seal such as O-
rings to seal around the exterior surface of the coiled tubing. Although these

designs are workable, an improved coiled tubing completion system is desirable,

particularly for higher pressures.

Disclosure of Invention

A coiled tubing completion system has a gripping mechanism on a lower end
which land in a tubing hanger and engage coiled tubing extending through the tubing
hanger. A seal carrier lands on top of and abuts an upper end of the gripping
mechanism. A tubular member is located above the seal carrier and receives the
upper end of the'tubing. A tapered metal seal seals between the tubular member
and the coiled tubing. A threaded nut bears against the metal seal and, when
rotated, results in downward movement of the tubular member. The seal prevents

fluid leakage in the system at the upper end of the tubing.
Brief Description of Drawings

Figure 1 is a sectional side view of a coiled tubing completion system

constructed in accordance with a first embodiment of the invention.

Figure 2 is a sectional side view of a second embodiment of the completion

system of Figure 1.

- —— -
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Figure 3 is a sectional side view of a third embodiment of the completion

system of Figure 1.

Best Mode for Carrving Out the Invention

Referring to Figure 1, a first embodiment of the invention is shown. A coiled
tubing completion system 41 has slips 45 on a lower end which land on a shoulder
44 in the bore 47a of a housing or tubing hanger 47. In the embodiment shown,
tubing hanger 47 is landed sealingly in a wellhead (not shown). Slips 45 comprises
an outer slip body 46 with upward inclined surfaces 48 which engage downward
inclined surfaces 50 on an inner slip ring 52. Slip ring 52 is a solid metal ring which
will deform radially inward a slight amount when moving downward on body 47.
Slips 45 has a plurality of O-ring seals 45a for sealing between slip body 46, slip
ring 52 and bore 47a. Slip ring 52 has upward facing teeth 52a on an interior
surface which engage an outer surface of coiled tubing 43 near its upper end to
prevent its downward movement. Teeth 52a are parallel and circumferential.

A seal carrier 49 lands on top of and abuts an upper end of slip body 46. A
tubular energizing member 51 is located above seal carrier 49 in bore 47a. Member
51 has an external shoulder 51a which lands on an internal shoulder 47b in bore
47a. Member 51 has a bore 51b which receives the upper end of coiled tubing 43.
A pin 53 inserts horizontally through tubing hanger 47 and engages a recess 55 on
a perimeter of member 51 to prevent its rotation relative to tubing hanger 47. A nut
57 having lugs 57a and external threads which engage internal threads in tubing
hanger 47 is located above pin 53 and surrounds member 51. Nut 57 engages an
upward facing external shoulder 51c near the lower end of member 51. The interior
of the lower end of member 51 has a conical taper 58a. The exterior of the lower
end of member 51 has a conical taper 58b which mates with a taper 56 formed in
tubing hanger bore 47a, forming a metal-to-metal sealing engagement. Taper 58a
Is more inclined than taper 58b relative to tubing 43. Member 51 also has a rim 54
extending between tapers 58a, 58b which is parallel to and spaced above the upper
end of seal carrier 49. An annular space 61 is located between rim 54 and the
upper end of seal carrier 49. A test port 63 extends laterally through tubing hanger
47 and registers with space 61. Member 51 has a threaded profile 63 in its bore

which optionally may receive a back pressure valve (not shown).
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A metal seal 65 having a generally triangular cross-sectional shape is located
In a space between the upper end of seal carrier 49, taper 59a and tubing 43. Seal
65 has a conical exterior 67 which engages taper 58a, and a cylindrical bore 69
with circular metal ribs which engage coiled tubing 43. A soft metal inlay may be
filled between the ribs. Seal 65 prevents fluid leakage in system 41 at the upper
end of tubing 43.

In operation, slips 45 are set in tubing hanger 47 to receive and support coiled

tubing 43. Seal carrier 49, seal 65 and member 51 are then consecutively placed

in bore 47a, with tapers 58b, 56 making metal-to-metal contact. Nut 57 is
tightened relative to member 51, thereby forcing member 51 further downward.
Tapers 58a, 58b are moved into sliding contact with conical exterior 67 and taper
06, respectively, until downward movement of member 51 ceases. This motion
energizes seal 65 by sealing cylindrical bore 69 against coiled tubing 43 and conical
exterior 67 against taper 58a. The ribs in bore 69 deform and seal 65 against coiled
tubing 43. A metal-to-metal seal is formed at tapers 58a, 67 and at 58b, 56. The
seals 45a in slips 45 and teeth 52a seal the lower end of bore 47a, while tapers
58b, 56 and ribs 69 seal the upper end of bore 47a. Seal 65 may be tested for
leakage by applying fluid pressure through test port 63 and space 61.

Referring to Figure 2, a second embodiment of the invention is shown. A
coiled tubing completion system 121 is supported within the bore 123 of a wellhead

or spool 125 with a housing or tubing hanger 127. Tubing hanger 127 has an

external shoulder 128 which lands on an internal shoulder 129 in bore 123. A
conventional slips 131 is carried within a slips bowl 131a formed on a lower end of
tubing hanger 127. Slips 131 engages coiled tubing 133 along a lower, internal end
of tubing hanger 127 so that tubing hanger 127 surrounds an upper end of coiled
tubing 133. Unlike slips 45 of Figure 1, slips 131 are split and do not contain seals.
Tubing hanger 127 is secured within wellhead 125 with studs 135. Studs 135
thread horizontally through slots 125a in wellhead 125 and have conical heads
which engage a shoulder 130 on tubing hanger 127. Studs 135 force tubing hanger
127 downward to seal its outer taper 137 with an inner taper 139 in bore 123.
An energizing member 141 is lowered into an upper end of tubing hanger

127. Member 141 has lower depending conical lip 143 which is received by a
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conical bore 145 in tubing hanger 127. Lip 143 has an inner taper 143a and an
outer taper 143b that are inclined at approximately equal angles. Member 141 has
a stop shoulder 144 which bottoms out on a shoulder 146 in bore 127a. A metal
seal 151 is located in an annular space between inner taper 143a and an outer
surface of coiled tubing 133. A nut 147 having external threads and a smooth inner
surface engages an internal threaded surface 149 on tubing hanger 127. A lower
rim 150 of nut 147 lands on an external flange 1'53 on member 141. A key (not
shown) prevents member 141 from rotating relative to nut 147. System 141
has a back-up seal in the form of a self-energizing, elastomeric, C-shaped channel
seal 161 with fingers 163 on an outer diameter. Seal 161 is located in an internal
recess In tubing hanger 127 above slips 131. Seal 161 is resilient and deflects
radially inward into contact with coiled tubing 133 with a pair of ribs or
protuberances 167 on an inner diameter. Fingers 163 extend toward one another
and are in contact with tubing hanger 127 to define a cavity 164.

In operation, system 141 is set with slips 131, seals 151, 161 and member
141 as described above. Seal 161 and fingers 163 seal against tubing hanger 127
and protuberances 167. Nut 147 is tightened so that rim 150 makes contact with
flange 153, thereby forcing member 141 downward. Tapers 143a, 143b slidingly
engage seal 151 and conical bore 145, respectively. Further tightening of nut 147
squeezes seal 151 between taper 143a and coiled tubing 133 so that a seal against
internal pressure in coiled tubing 133 is formed. Elastomeric seal 166 serves as a
back-up seal. Tapers 137, 139 combine with tapers 143, 145b and seal 151 to
form metal-to-metal seals to seal against any pressure in the annulus surrounding
coiled tubing 133. In this embodiment, member 141 may be removed while a full
annulus seal is maintained at shoulders 137, 139.

Seal 161 may be tested under fluid pressure applied through a passage 126
in wellhead 125 which registers with a passage 165 which extends horizontally
through tubing hanger 127, and a hole 166 which extends through seal 161
between protuberances 167. Both of seals 151, 161 may be tested under fluid
pressure applied through a test port 171 in wellhead 125 which registers with a

passage 173 which extends horizontally through tubing hanger 127.
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Referring to Figure 3, a third embodiment of the invention is shown. A coiled
tubing completion system 201 has a clamp or gripping member 203 on a lower end
which lands on a shoulder 205 in the bore 207 of a housing or tubing hanger 209.
Tubing hanger 209 is landed in a wellhead (not shown). Gripping member 203

5 comprises a split, two-piece tubular body 211 with upward facing teeth 213 on an
inner surface. The pieces of body 211 are secured to one another with fasteners
215. Teeth 213 engage the outer surface of coiled tubing 217 to prevent its
downward movement. Gripping member 203 has a tubular lower member 219

which lands on shoulder 205. Gripping member 203 also has an optional

10 elastomeric seal 221 for sealing between body 211, lower member 219 and bore
207. At least one fastener 223 is used to join body 211, lower member 219 and
seal 221 together.

A tubular member 231 is located above gripping member 203 in bore 207.
Member 231 has an external taper 233 which lands on an internal taper 235 in bore
15 207 and forms a metal seal. An O-ring 237 may serve as a back-up to the seal
between tapers 233, 235. Member 231 has a bore 239 on a lower end which
closely receives the upper end of coiled tubing 217. Tubular member 231 has
exterior threads 241 to secure it to tubing hanger 209. A tubular energizing
member 245 having external threads 247 which engage internal threads 249 in
20 member 231 extends through the upper end of member 231 and surrounds the
upper end of coiled tubing 217. A lower rim 251 of nut 245 lands on an upper
surface of a metal compression seal 253.
Continuing to refer to Figure 3, seal 253 has a generally cylindrical overall
shape and is located in a space between a shoulder 255 in member 231 and rim
25 251 on energizing member 245. In the embodiment shown, compression seal 253
comprises five separate elements which combine to prevent fluid leakage between
colled tubing 217, member 231 and nut 245.
Seal 253 has two conical inner rings 257, two conical outer rings 259 and a
cylindrical spacer 261. Each inner ring 257 is paired with one outer ring 259, and
30 spacer 261 is centrally located between the matched pairs of rings 257, 259. The
inner rings 257 are inverted relative to one another and to the outer rings 259.

Outer rings 259 are also inverted relative to one another. To achieve this
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configuration, each inner ring 257 has a cylindrical inner surface 263, a conical
outer surface 265 and a horizontal surface 267. Inner surfaces 263 abut the outer

surface of coiled tubing 217 while horizontal surfaces 267 abut upper and lower

surfaces of spacer 261, respectively. Conical outer surfaces 265 slidingly engage
their respective conical inner surfaces 269 on outer rings 259. Each ring 259 also
has a cylindrical outer surface 271 and a horizontal surface 273. Outer surfaces

271 abut bore 239 of member 231 while horizontal surfaces 273 abut rim 251 and
shoulder 255, respectively. A test port 275 extends laterally through member 231

and registers with spacer 261.

In operation, gripping member 203 is clamped around coiled tubing 217 and
set in tubing hanger 209 to support coiled tubing 217. Member 231 is then
screwed into tubing hanger 209. Seal 253 and nut 245 are then consecutively
placed in bore 207, with seal 253 making metal-to-metal contact with coiled tubing
217 and member 231. Nut 245 is tightened relative to member 231, thereby
compressing seal 253 between coiled tubing 217 and member 231. As seal 253
iIs compressed, each matched set of rings 257, 259 move relative to one another
along conical surfaces 265, 269, respectively. This motion energizes seal 253 and
seals cylindrical inner surfaces 263 against coiled tubing 217 and cylindrical exterior
outer surfaces 2/3 against member 231. The upper ring 257 of seal 253 is a
primary metal seal against internal pressure in coiled tubing 217. The lower ring
257 of seal 253 is a back-up seal and allows testing of the upper ring 257 by
applying test pressure through test port 271. The annulus around coiled tubing 217
Is sealed by metal-to-metal sealing at tapers 235, 237.

The invention has significant advantages. The embodiments describe
improved completion systems having durable metal-to-metal seals for sealing coiled
tubing in a tubing hanger. For example, the clamp-type gripping mechanism of

Figure 3 could be used in place of the slips in the first two embodiments. The

tubing hanger housing could be an external part of a wellhead system and not

necessarily located within a bore of a spool.
While the invention has been shown or described in only some of its forms,
it should be apparent to those skilled in the art that it is not so limited, but is

susceptible to various changes without departing from the scope of the invention.
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Claims
1. A system for completing a coiled tubing production operation, comprising:

a' housing having a bore;
a landing shoulder in the bore:
a tapered seal surface in the bore above the landing shoulder:

a gripping mechanism for gripping the coiled tubing and landing on the landing
shoulder;

a metal tubular member having a tapered seal surface on its exterior which
engages the seal surface in the bore to form a metal-to-metal seal:
a seal cavity on an interior of the tubular member:

a metal seal ring located in the seal cavity; and

an energizing member located within and axially movable relative to the

housing and the seal ring for energizing the seal ring against the coiled tubing.

2. The system of claim 1, further comprising a test port extending laterally

through the tubular member below at least a portion of the seal ring and above the

tapered seal surfaces for testing the seal ring.

3. The system of claim 2, further comprising a back-up seal member located

below the seal ring and the test port to enable test pressure to be applied from

below the seal ring.

4. The system of claim 3 wherein the back-up seal member is an elastomeric

seal on the gripping member.

D. The system of claim 3 wherein the back-up seal member is an elastomeric

seal located between the tubular member and the coiled tubing.

6. The system of claim 3 wherein the seal ring and the back-up seal member are
part of a compression seal assembly having two pairs of rings separated by a central

spacer, each of the pairs having mating wedge surfaces: and wherein
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the seal ring comprises one of the pairs of rings and the back-up seal member
comprises the other of the pairs of rings.

7. The system of claim 1, further comprising:

a key to prevent rotation of the tubular member relative to the housing; and

a nut which engages threads in the housing and moves the tubular member
downward.

8. The system of claim 1 wherein the seal ring has an outer tapered surface to

cause it to move inward upon downward movement of the energizing member.

9. The system of claim 1 wherein a lower end of the energizing member has an

inner taper and an outer taper, the inner taper engaging the seal ring and the outer

taper engaging a mating taper in the tubular member.

10. The system of claim 1 wherein the energizing member has external threads
which engage mating threads in the housing.

11.  The system of claim 1 wherein the gripping member comprises slips.
12. The system of claim 1 wherein the gripping member comprises a clamp.

13. A system for completing a coiled tubing production operation, comprising:

a housing having a bore;
a string of coiled tubing extending into the bore:
a landing shoulder in the bore;

a tapered seal surface in the bore above the landing shoulder:

a gripping mechanism which grips the coiled tubing and lands on the landing
shoulder;

a metal tubular member having a tapered seal surface on its exterior which

engages the seal surface in the bore to form a metal-to-metal seal:

a seal cavity on an interior of the tubular member;
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a metal seal ring located in the seal cavity;

an energizing member which is axially movable relative to the housing and the

seal ring and energizes the seal ring against the coiled tubing;

a test port extending laterally through the tubular member below at least a

portion of the seal ring and above the tapered seal surfaces for testing the seal ring;
and '

a back-up seal member located below the seal ring and the test port to enable

test pressure to be applied between the seal ring and the back-up seal member.

14. The system of claim 13 wherein the back-up seal member is an elastomeric

seal on the gripping member.

15. The system of claim 13 wherein the back-up seal member is an elastomeric

seal between the tubular member and the coiled tubing.

16. The system of claim 13 wherein the seal ring and the back-up seal member

are part of a compression seal assembly having two pairs of rings separated by a

central spacer, each of the pairs having mating wedge surfaces: and wherein

the seal ring comprises one of the pairs of rings and the back-up seal member

comprises the other of the pairs of rings.

17. The system of claim 13 wherein the seal ring has an outer tapered surface to

cause it to move inward upon downward movement of the energizing member.

18. The system of claim 13 wherein the energizing member has external threads

which engage mating threads in the housing.

19. The system of claim 13 wherein the gripping member comprises slips.

20.  The system of claim 13 wherein the gripping member comprises a clamp.
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21. The system of claim 13 wherein a lower end of the energizing member has

an inner taper and an outer taper, the inner taper engaging the seal ring and the

outer taper engaging a mating taper in the tubular member.

22. A system for completing a coiled tubing production operation, comprising:

a housing having a bore;

a landing shoulder in the bore;

a tapered seal surface in the bore above the landing shoulder:

a gripping member landed in the bore of the housing below the seal surface
for preventing downward movement of a coiled tubing;

a tubular member extending into the bore of the housing, the tubular member
having a bore for receiving an upper end of the coiled tubing:

a taper on a lower end of the tubular member for sealing against the tapered
seal surface in the bore of the housing;

a metal seal located in the bore in the tubular member for sealing against the
colled tubing; and
an energizing member which engages threads in the tubular member for

forcing for compressing and energizing the metal seal into engagement with the
coiled tubing.

23. The system of claim 22 wherein the metal seal comprises two pairs of rings,

the pairs being separated by a central spacer, each of the pairs comprising inner and

outer rings which have wedge surfaces that slidingly engage each other.

24. The system of claim 23, further comprising a test port extending through the

tubular member between the two pairs of rings for testing the metal seal.

25. The system of claim 22 wherein the tubular member has threads on its

exterior which engage threads in the bore of the tubular member.
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