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SUBSEA WELL INTERVENTION SYSTEM (57) ABSTRACT 

(76) Inventors: Corey Eugene Hoffman, A method for riserless intervention of a subsea Well includes 
Plantersville, TX (U S); Patrick Connecting an intervention assembly to a bottom hole assem 
Michael Cargo], JR., The bly (BHA). The BHA is connected to coiled tubing. The 
Woodlands, TX (U S) method further includes lowering the intervention assembly 

to a bloWout preventer (BOP) fastened to a subsea production 
(21) App1_ NO; 13/018,871 tree using an injector of a support vessel engaged With the 

coiled tubing; fastening the intervention assembly to the 
(22) Filed: Feb 1, 2011 BOP; slacking the coiled tubing using the vessel injector; 

engaging a stripper of the intervention assembly With the 
_ _ _ _ coiled tubing; and driving the BHA through the tree and into 

Pubhcatlon Classl?catlon a Wellbore using a subsea injector of the intervention assem 

(51) Int, Cl, bly While synchronizing both injectors to maintain the slack 
E21B 29/12 (2006.01) in the coiled tubing. 
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FIG. 3B 
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COILED TUBING MODULE FOR RISERLESS 
SUBSEA WELL INTERVENTION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] Embodiments of the present invention generally 
relate to a coiled tubing module for a riserless subsea Well 
intervention system. 
[0003] 2. Description of the Related Art 
[0004] Subsea crude oil and/or natural gas Wells frequently 
require Workover to maintain adequate production. Workover 
operations may include perforating, gravel packing, produc 
tion stimulation and repair of a doWnhole completion or pro 
duction tubing. During the Workover, specialiZed tools are 
loWered into the Well by means of a Wireline and Winch. This 
Wireline Winch is typically positioned on the surface and the 
Workover tool is loWered into the Well through a lubricator 
and bloWout preventer (BOP). Workover operations on sub 
sea Wells require specialiZed intervention equipment to pass 
through the Water column and to gain access to the Well. The 
system of valves on the Wellhead is commonly referred to as 
a production or Christmas tree and the intervention equip 
ment is attached to the tree With a bloWout preventer (BOP). 
[0005] The commonly used method for accessing a subsea 
Well ?rst requires installation of a BOP With a pre-attached 
tree running tool (TRT) for guiding the BOP to correctly align 
and interface With the tree. The BOP/running tool is loWered 
from a derrick that is mounted on a mobile offshore drilling 
unit (MODU), such as a drill ship or semi-submersible plat 
form. The BOP/TRT is loWered on a segmented length of pipe 
called a Workover riser string. The BOP/TRT is loWered by 
adding sections of pipe to the riser string until the BOP/TRT 
is suf?ciently deep to alloW landing on the tree. After the BOP 
is attached to the tree, the Workover tool is loWered into the 
Well through a lubricator mounted on the top of the riser 
string. The lubricator provides a sealing system at the 
entrance of the Wireline that maintains the pres sure and ?uids 
inside the Well and the riser string. The main disadvantage of 
this method is the large, specialiZed MODU that is required to 
deploy the riser string and the riser string needed to deploy the 
BOP. 
[0006] FIG. 1A illustrates a prior art completed subsea 
Well. A Wellbore 10 has been drilled from a ?oor if of the sea 
1 into a hydrocarbon-bearing (i.e., crude oil and/ or natural 
gas) reservoir (not shoWn). A string of casing (not shoWn) has 
been run into the Wellbore and set therein With cement (not 
shoWn). The casing has been perforated to provide to provide 
?uid communication betWeen the reservoir and a bore of the 
casing. A Wellhead (not shoWn) has been mounted on an end 
of the casing string. A string of production tubing 10p (see 
FIG. 1B) may extend from the Wellhead (not shoWn) to the 
formation to transport production ?uid from the formation to 
the sea?oor If. A packer (not shoWn) may be set betWeen the 
production tubing 10p and the casing to isolate an annulus 
1011 (see FIG. 1B) formed betWeen the production tubing 10p 
and the casing (not shoWn) from production ?uid. 
[0007] FIG. 1B illustrates a prior art horiZontal production 
tree 50. The production tree 50 may be connected to the 
Wellhead, such as by a collet, mandrel, or clamp tree connec 
tor. The tree 50 may be vertical or horiZontal. If the tree is 
vertical (not shoWn), it may be installed after the production 
tubing 10p is hung from the Wellhead. If the tree 50 is hori 
Zontal (as shoWn), the tree may be installed and then the 
production tubing 10p may be hung from the tree 50. The tree 
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50 may include ?ttings and valves to control production from 
the Wellbore into a pipeline (not shoWn) Which may lead to a 
production facility (not shoWn), such as a production vessel or 
platform. The tree 50 may also be in ?uid communication 
With a hydraulic conduit (not shoWn) controlling a subsurface 
safety valve SSV 10v (see FIG. 4F). 
[0008] The tree 50 may include a head 51, a Wellhead 
connector 52, a tubing hanger 53, an internal cap 54, an 
external cap 55, an upper croWn plug 56u, a loWer croWn plug 
56!, a production valve 57p, and one or more annulus valves 
57u,l. Each of the components 51-54 may have a longitudinal 
bore extending therethrough. The tubing hanger 53 and head 
51 may each have a lateral production passage formed 
through Walls thereof for the ?oW of production ?uid. The 
tubing hanger 53 may be disposed in the head bore. The 
tubing hanger 53 may support the production tubing 10p. The 
tubing hanger 53 may be fastened to the head by a latch 53!. 
The latch 53! may include one or more fasteners, such as 
dogs, and an actuator, such as a cam sleeve. The cam sleeve 
may be operable to push the dogs outWard into a pro?le 
formed in an inner surface of the tree head 51. The latch 53! 
may further include a collar for engagement With a running 
tool (not shoWn) for installing and removing the tubing 
hanger 53. 
[0009] The tubing hanger 53 may be rotationally oriented 
and longitudinally aligned With the tree head 51. The tubing 
hanger 53 may further include seals 53s disposed above and 
beloW the production passage and engaging the tree head 
inner surface. The tubing hanger 53 may also have a number 
of auxiliary ports/conduits (not shoWn) spaced circumferen 
tially there-around. Each port/conduit may align With a cor 
responding port/conduit (not shoWn) in the tree head 51 for 
communicating hydraulic ?uid or electricity for various pur 
poses to tubing hanger 53, and from tubing hanger 53 doWn 
hole, such as for operation of the SSV 10v. The tubing hanger 
53 may have an annular, partially spherical exterior portion 
that lands Within a partially spherical surface formed in tree 
head 51. 

[0010] The annulus 1011 may communicate With an annulus 
passage formed through and along the head 51 for and 
bypassing the seals 53s. The annulus passage may be 
accessed by removing internal tree cap 54. The tree cap 54 
may be disposed in head bore above tubing hanger 53. The 
tree cap 54 may have a doWnWard depending isolation sleeve 
received by an upper end of tubing hanger 53. Similar to the 
tubing hanger 53, the tree cap 54 may include a latch 54! 
fastening the tree cap to the head 51. The tree cap 54 may 
further include a seal 54s engaging the head inner surface. 
The production valve 57p may be disposed in the production 
passage and the annulus valves 57u,l may be disposed in the 
annulus passage. Ports/conduits (not shoWn) may extend 
through the tree head 51 to a tree controller (not shoWn) for 
electrical or hydraulic operation of the valves. 

[0011] The upper croWn plug 56u may be disposed in tree 
cap bore and the loWer croWn plug 56! may be disposed in the 
tubing hanger bore. Each croWn plug 56u,l may have a body 
With a metal seal on its loWer end. The metal seal may be a 
depending lip that engages a tapered inner surface of the 
respective cap and hanger. The body may have a plurality of 
WindoWs Which alloW fasteners, such as dogs, to extend and 
retract. The dogs may be pushed outWard by an actuator, such 
as a central cam. The cam may have a pro?le on its upper end. 
The cam may move betWeen a loWer locked position and an 
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upper position freeing dogs to retract. A retainer may secure 
to the upper end of body to retain the cam. 

SUMMARY OF THE INVENTION 

[0012] Embodiments of the present invention generally 
relate to a coiled tubing module for a riserless subsea Well 
intervention system. In one embodiment, a method for riser 
less intervention of a subsea Well includes connecting an 
intervention assembly to a bottom hole assembly (BHA). The 
BHA is connected to coiled tubing. The method further 
includes loWering the intervention assembly to a bloWout 
preventer (BOP) fastened to a subsea production tree using an 
injector of a support vessel engaged With the coiled tubing; 
fastening the intervention assembly to the BOP; slacking the 
coiled tubing using the vessel injector; engaging a stripper of 
the intervention assembly With the coiled tubing; and driving 
the BHA through the tree and into a Wellbore using a subsea 
injector of the intervention assembly While synchronizing 
both injectors to maintain the slack in the coiled tubing. 
[0013] In another embodiment, a coiled tubing module for 
a riserless subsea intervention system includes: a stripper 
operable to seal against coiled tubing and a subsea injector. 
The subsea injector has opposed chain loops having grippers 
operable to grip the coiled tubing and longitudinally move the 
coiled tubing; outboard bearing assemblies operable to guide 
the chain loops; a motor and sealed gear case operable to drive 
the chain loops, the gear case having lubricant; and a pressure 
compensator operable to pressurize the lubricant to a pres sure 
equal to or substantially equal to subsea pressure. The module 
further includes a controller operable to synchroniZe an inj ec 
tor of a support vessel engaged With the coiled tubing With the 
subsea injector to maintain slack in the coiled tubing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, brie?y summa 
riZed above, may be had by reference to embodiments, some 
of Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the appended draWings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
[0015] FIG. 1A illustrates a prior art completed subsea 
Well. FIG. 1B illustrates a prior art horiZontal production tree. 
[0016] FIG. 2A illustrates a pressure control assembly 
(PCA), according to one embodiment of the present inven 
tion. FIG. 2B illustrates a Wireline module, according to 
another embodiment of the present invention. 
[0017] FIG. 3A illustrates deployment of the PCA to the 
subsea production tree. FIG. 3B illustrates connection of the 
PCA to the tree and connection of the umbilical to the PCA. 
[0018] FIG. 4A illustrates deployment of the Wireline mod 
ule to the tree. FIG. 4B illustrates connection of the Wireline 
module to the PCA. FIG. 4C illustrates deployment of a plug 
running tool (PRT) into the tree and connection of the PRT 
With the upper croWn plug. FIG. 4D illustrates retrieval of the 
PRT and upper croWn plug into the tool housing. FIG. 4E 
illustrates retrieval of the Wireline module to the vessel. FIG. 
4F illustrates the tree ready for intervention. 
[0019] FIG. 5A illustrates deployment of the coiled tubing 
module. FIG. 5B connection of the coiled tubing module to 
the PCA. FIG. 5C illustrates slacking of the coiled tubing and 
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movement of the vessel aWay from the tree. FIG. 5D illus 
trates deployment of the BHA into the Wellbore. 

DETAILED DESCRIPTION 

[0020] FIG. 2A illustrates a pressure control assembly 
(PCA) 100, according to one embodiment of the present 
invention. The PCA 100 may include a tree adapter 105, a 
?uid sub 110, an isolation valve 115, a bloW out preventer 
(BOP) stack 120, a tool housing (aka lubricator riser) 125, a 
frame 130, a control pod 135, a manifold 140, and one or more 
accumulators 145 (tWo shoWn). The tree connector 105, ?uid 
sub 110, isolation valve 115, BOP stack 120, and tool housing 
125 may each include a housing orbody having a longitudinal 
bore therethrough and be connected, such as by ?anges, such 
that a continuous bore is maintained therethrough. The bore 
may have a large drift diameter, such as greater than or equal 
to four, ?ve, six, or seven inches to accommodate a bottom 
hole assembly (BHA) of a Workstring (discussed more beloW) 
and the croWn plugs 56u,l of the tree 50. 
[0021] The tree adapter 105 may include a connector, such 
as dogs 105d, for fastening the PCA 100 to an external pro?le 
51p of the tree 50 and a seal sleeve 105s for engaging an 
internal pro?le 54p of the tree. The tree adapter 105 may 
further include an electric or hydraulic actuator and an inter 
face, such as a hot stab, so that a remotely operated subsea 
vehicle (ROV) 415 (see FIG. 3A) may operate the actuator for 
engaging the dogs 105d With the external pro?le 51p. The 
frame 130 may be connected to the tree connector 50, such as 
by fasteners (not shoWn). The control pod 135 and manifold 
140 may be fastened to the frame 130. The ?uid sub 110 may 
include a housing having a bore therethrough and a port 110p 
in communication With the bore. The port 110p may be in 
?uid communication With the manifold 140 via a conduit (not 
shoWn). 
[0022] The isolation valve 115 may include a housing, a 
valve member 115v disposed in the housing bore and oper 
able betWeen an open position and a closed position, and an 
actuator 115a operable to move the valve member betWeen 
the positions. The actuator 115a may be electric or hydraulic 
and may be in communication With the control pod 135 via a 
conduit/ cable (not shoWn). The actuator 115a may fail to the 
closed position in the event of an emergency. The isolation 
valve 115 may further operate as a check valve in the closed 
position: alloWing ?uid ?oW doWnWard from the tool housing 
into the Wellbore and preventing reverse ?uid ?oW there 
through. Alternatively, the isolation valve 115 may be bi 
directional When closed, the PCA 100 may further include a 
bypass conduit (not shoWn) connected to a port of a drain sub 
(not shoWn) disposed betWeen the isolation valve and the 
BOP stack, and the drain port may include a check valve 
alloWing doWnWard ?oW and preventing reverse ?oW. 
[0023] The BOP stack 120 may include one or more 
hydraulically operated ram preventers 120b,w, such as a 
blind-shear preventer 12019 and one or more Workstring pre 
venters 120w, such as a Wireline preventer and a coiled tubing 
preventer (only one Workstring preventer shoWn) connected 
together via bolted ?anges. Each ram preventer 120b,w may 
include tWo opposed rams disposed Within a body. The body 
may have a bore that is aligned With the Wellbore. Opposed 
cavities may intersect the bore and support the rams as they 
move radially into and out of the bore. A bonnet may be 
connected to the body on the outer end of each cavity and may 
support an actuator that provides the force required to move 
the rams into and out of the bore. Each actuator may include 
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