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least one guide roller to straighten a coiled tubing extended from the coiled
tubing reel. A transverse motion apparatus is coupled to the tubing injector
and the guide roller frame such that the guide roller frame is movable trans-
versely with respect to a direction of motion of coiled tubing through the
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SMALL FOOTPRINT COILED TUBING APPARATUS
Cross-reference to related applications

[0001] Not applicable.

Statement regarding federally sponsored research or development

[0002] Not applicable.

The Names of Parties to a Joint Research Agreement

[0003] Not Applicable

Background

[0004] This disclosure relates generally to the field of coiled tubing conveyance
apparatus. More specifically, the disclosure relates to coiled tubing conveyance
apparatus having a relatively small deployment area or “footprint” that may be used for
purposes, among others, for shallow sediment evaluation below the bottom of a body of

water.

[0005] Coiled tubing apparatus known in the art for use in wellbore construction and
intervention operations include a reel on which a continuous length of flexible conduit or
tubing is mounted. The reel may be transported to a wellbore location on a road vehicle
such as a truck, or for marine wellbore operations on a skid which may be supported on a
platform above the water surface. A device known as a “gooseneck™ may be deployed on
the same or on a different skid or vehicle. A gooseneck includes a plurality of rollers
arranged on a curved frame to enable the flexible conduit to be redirected from a
direction tangent to the reel to a direction generally vertical above a wellbore. A tubing
injector is disposed above the wellbore and include traction rollers to move the tubing

into the wellbore or out of the wellbore.

[0006] An example of such a coiled tubing unit known in the art is described in U.S.
Patent No. 6,719,043 issued to Austbo et al. FIG. 1. shows such coiled tubing apparatus,

wherein the tubing injector is shown and generally designated by the numeral 10. The

1
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injector 10 is shown positioned above a wellhead 12 of a well 13 at a ground surface or
subsea floor 14. A lubricator or stuffing box 16 is connected to the upper end of the
wellhead 12. The tubing 18, having a longitudinal central axis 20 and an outer diameter
or outer surface 22, is supplied on a large drum, or reel 24 and is typically several
thousand feet in length. The tubing 18 of sufficient length, such as 10,000 feet or greater,
may be inserted into the well 13 either as single tubing, or as tubing spliced by
connectors or by welding. Outer diameters of the tubing 18 typically range from
approximately one inch (2.5 cm) to approximately five inches (12.5 cm). The injector 10
is readily adaptable to even larger diameters. The tubing 18 is normally spooled from the
reel 24 typically supported on a truck (not shown) for mobile operations. The injector 10
is mounted above the wellhead 12 on legs 26. A guide framework, that is, a gooseneck 28
having a plurality of pairs of guide rollers 30 and 32 rotatably mounted thereon extends
upwardly from the injector 10. The tubing 18 is supplied from the reel 24 and is run
between the rollers 30 and 32. As the tubing 18 is unspooled from the reel 24, generally it
will pass adjacent to a measuring device, such as a wheel 34. Alternatively, the
measuring device may be part of the injector 10, such as described in U.S. Pat. No.

5,234,053, 1ssued to Connell.

The rollers 30 and 32 define a pathway for the tubing 18 so that the curvature in
the tubing 18 is slowly straightened as it enters the injector 10. The tubing 18 is
preferably formed of a material which is sufficiently flexible and ductile that it can be
curved for storage on the reel 24 and also later straightened. The rollers 30 and 32 are
spaced such that straightening of the tubing 18 is accomplished wherein the tubing 18 is
inserted into the well 13 without kinks or undue bending on the tubing 18.

In some circumstances, for example, in a self contained coiled tubing apparatus to
be deployed on a single vehicle or skid, or in environmentally sensitive areas, it may be

desirable to minimize the area occupied by the coiled tubing apparatus.

Brief Description of the Drawings

FIG. 1 shows an example coiled tubing unit known in the art.
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[0010] FIG. 2 shows an example embodiment of a coiled tubing unit according to the

present disclosure.

Detailed Description

[0011] FIG. 2 shows an example embodiment of a coiled tubing apparatus according to
the present disclosure. The coiled tubing unit 100 is shown disposed above a pressure
control apparatus such as a stuffing box 16, which may be affixed to the top of a wellhead
(12 in FIG. 1) substantially as explained in the Background section herein so that a coiled
tubing 22 may be inserted into and removed from a well (13 in FIG. 1) for any well or
soil construction, sampling, coring, testing or intervention operation known in the art to

be conducted on coiled tubing.

[0012] The coiled tubing apparatus 100 may include a reel 124 on which a length of
coiled tubing 22 is disposed, substantially as explained with reference to FIG. 1 in the
Background section herein. The reel 124 may be rotated by a motor 112, which may be,
for example, an electric, pneumatic or hydraulic motor. The reel 124 may be rotatably
mounted to a guide roller frame 102. The guide roller frame 102 may include one or
more guide rollers 108 which serve to straighten the coiled tubing 22 as it is unwound
from the reel 124 to be moved through a tubing injector 110, or conversely, to enable
suitable kink-free bending of the coiled tubing 22 when it is retracted from the well (13 in
FIG. 1) by the tubing injector 110 and moved onto the reel 124.

[0013] The tubing injector 110 may be configured similarly to any coiled tubing injector
known in the art, including but not limited to the injector described with reference to FIG.
1. The guide roller frame 102 may include an upper guide roller 108A and a lower guide
roller 108B affixed to the guide roller frame 102 and positioned such that the coiled
tubing 22 is straightened as it is extended from the reel 124, and conversely, applies
suitable bending to the coiled tubing 22 as it is retracted onto the reel 124. Reactive force
to obtain the required bending in the coiled tubing 22 may be provided by one or more

pinch rollers 109 mounted on the guide roller frame 102.
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[0014] The guide roller frame 102 may be mounted above the the tubing injector 110, for
example, on linear bearings 116 such that the guide roller frame 102 is movable in a
direction transverse to the motion of the coiled tubing 22 through the tubing injector 110.
In the present example embodiment, the coiled tubing 22 moves into and out of a well
(13 in FIG. 1), or into and out of subsurface sediments substantially vertically, therefore
the motion of the guide roller frame 102 with respect to the tubing injector 110 may be
substantially horizontal. While the present example embodiment has the movement of the
guide roller frame 102 substantially transverse to the tubing injector 110, in other
embodiments the guide roller frame 102 may be movable such that some amount of
motion along the direction of the coiled tubing 22 takes place. For purposes of defining
the scope of the present disclosure, it is only required that the movement of the guide
roller frame with respect to the tubing injector 110 have sufficient transverse component
such that the coiled tubing 22 at the point of its extension off the reel 124 is substantially

above the tubing injector 110.

[0015] The guide roller frame 102 may be mounted to the tubing injector 110 using lincar
bushings or bearings 116 of any type known in the art. The above described transverse
motion of the guide roller frame 102 relative to the tubing injector 110 may be obtained
using jack screws 104 rotatably mounted to the guide roller frame 102. The jack screws
104 may be disposed in rotatable ball nuts 106 mounted to the guide roller frame 102.
Rotation of the ball nuts 106 may be performed manually, however, in the present
embodiment, rotation of the ball nuts 106 may be performed by respective motors 107
such that remote operation of the described transverse motion apparatus may be
performed. The motors 107 may be, for example, electric motors, hydraulic motors or

pneumatic motors.

[0016] The above described jack screws 104, ball nuts 106 and motors 107 arc only one
example of a transverse motion apparatus that may be remotely operable. It will be
readily appreciated by those skilled in the art that other transverse motion apparatus may
be used to obtain the same result, for example hydraulic or pneumatic cylinder/ram

combinations mounted between the guide roller frame 102 and the tubing injector 110.
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[0017] In the present example embodiment, operation of the transverse motion apparatus
may be automated to maintain the guide roller frame 102 in the correct position with
respect to the tubing injector 110 at all times such that the coiled tubing 22 enters or is
withdrawn from tubing injector 110 substantially straight. In the present example
embodiment, one or more bend sensors 114 may be disposed on the guide roller frame
102 on ecither side of the coiled tubing 22. The bend sensors 114 may be, for example,
photoelectric sensors and a light source to enable detection of any movement of the
coiled tubing away from vertical. Such movement is shown in phantom at 22A and 22B
in FIG. 2 and would result from the coiled tubing 22 being bent at a position directly
above the tubing injector 110. In other embodiments, the bend sensors 114 may be
electrical load cells or strain gauges coupled to respective contact wheels such that
bending strain in the coiled tubing 22 either direction away from directly above the
tubing injector 110 will generate a signal indicative of bending strain in the coiled tubing

22.

[0018] The bend sensors 114 may be in signal communication with a controller 120. The
controller 120 may be, for example, a programmable logic controller, a microprocessor or
any other control device that accepts signal input from the bend sensors 114 and
generates a control signal output to operate the transverse motion apparatus and the reel
motor 112. Operation of the transverse motion apparatus in the present example
embodiment may include operation of the jack screw motors 107. In the present example
embodiment, the jack screw motors 107 and the reel motor 112 may be electric motors.
A signal from one of the bend sensors 114 indicative of bending strain in the coiled
tubing 22 in one direction communicated to the controller 120 will cause the controller
120 to generate a signal to operate the jack screw motors 107 to move the guide roller
frame 102 until the signal from the respective bend sensor is reduced to below a selected
threshold. Detection of bending strain in the opposite direction by the other bend sensor
114 will cause the controller 120 to operate the jack screw motors 107 to move the guide
roller frame in the opposite direction until the bending strain signal drops below a

selected threshold. The controller 120 may be programmed to preferentially detect
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bending strain from one of the bend sensors 114 depending on the direction of rotation of

the reel motor 112.

[0019] Bend in the coiled tubing may also be determined, for example, using visual
observation or video detection such as by using a camera. In such implementations, a
user of the apparatus may manually operate the transverse motion apparatus to cause the

observed bend in the coiled tubing 22 to fall below a selected threshold.

[0020] A coiled tubing conveyance apparatus according to the present disclosure may
enable performing coiled tubing operations in a well using a smaller deployment areca
than is possible using separate component coiled tubing apparatus known in the art prior
to the present disclosure. Such coiled tubing apparatus may enable reducing
environmental impact of well construction and intervention operations as well as
enabling deployment of coiled tubing apparatus in hostile and/or remote environments
such as sea floor operations. In coiled tubing operations such as subsurface soil
evaluation, a coiled tubing conveyance apparatus according to the present disclosure may
reduce the occurrence of bending in the coiled tubing as it penetrates such soils.
Reducing such bending may improve the quality of evaluation of such soils by ensuring
that soil evaluation reflects accurate measurement of soil properties with respect to

measured depth.

[0021] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be limited

only by the attached claims.
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Claims

What is claimed is:

1. A coiled tubing conveyance apparatus, comprising;:

a tubing injector;

a guide roller frame having a coiled tubing reel attached thereto movably mounted on the
tubing injector, the guide roller frame comprising at least one guide roller
positioned on the guide roller frame to straighten a coiled tubing extended from
the coiled tubing reel; and

a transverse motion apparatus coupled to the tubing injector and the guide roller frame
such that the guide roller frame is movable transversely with respect to a direction

of motion of coiled tubing through the tubing injector.

2. The coiled tubing conveyance apparatus of claim 1 wherein the transverse motion
apparatus comprises a linear bushing disposed between the guide roller frame and the

tubing injector.

3. The coiled tubing conveyance apparatus of claim 1 wherein the transverse motion

apparatus comprises jack screws and ball nuts.

4. The coiled tubing conveyance apparatus of claim 3 wherein at least one of the jack

screws and the ball nuts is rotatably coupled to a motor.

5. The coiled tubing conveyance apparatus of claim 4 wherein the motor comprises an

electric motor.

6. The coiled tubing apparatus of claim 1 further comprising at least one bend sensor

disposed on at least one of the tubing injector and the guide roller frame.

7. The coiled tubing conveyance apparatus of claim 6 wherein the at least one bend sensor

comprises a photoelectric sensor.
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14.
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The coiled tubing conveyance apparatus of claim 6 wherein the at least one bend sensor

comprises a strain gauge.

The coiled tubing conveyance apparatus of claim 6 further comprising a controller in
signal communication with the at least one bend sensor, the controller in signal
communication with a motor operatively coupled to the transverse motion apparatus, the
controller configured to operate the motor in response to signals from the at least one

bend sensor.

The coiled tubing conveyance apparatus of claim 9 wherein the controller is configured
to operate the motor such that bending measured by the at least one bending sensor falls

below a selected threshold.

A method for conveying coiled tubing, comprising:

positioning a guide roller frame having a coiled tubing reel attached thereto transversely
movably above a tubing injector;

at least one of extending a coiled tubing from the reel through the tubing injector and
retracting the coiled tubing onto the reel through the tubing injector;

determining bend in the coiled tubing; and

moving the guide roller frame transversely with respect to a direction of motion of the
coiled tubing through the tubing injector until the determined bend falls below a
selected threshold.

The method of claim 11 wherein the determining bend comprises measuring strain.

The method of claim 11 wherein the determining bend comprises optically measuring

deflection.

The method of claim 11 wherein the moving the guide roller frame comprises rotating a

motor coupled to a ball nut and jack screw.
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The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because under PCT Rule
13.2 they lack the same or corresponding technical features for the following reasons:

Group | does not include the technical features of determining bend in the coiled tubing, or moving the guide roller frame transversely
with respect to a direction of motion of the coiled tubing through the tubing injector until the determined bend falls below a selected
threshold, as required by Group II.

Group Il does not include the technical features of the guide roller frame comprising at least one guide roller positioned on the guide
roller frame to straighten a coiled tubing extended from the coiled tubing reel, as required by Group .

The common features between Group | and Group |l of:

A coiled tubing conveyance apparatus, comprising:

a tubing injector,;

a guide roller frame having a coiled tubing reel attached thereto movably mounted on the tubing injector;

a coiled tubing extended from the coiled tubing reel; and

a transverse motion apparatus coupled to the tubing injector and the guide roller frame such that the guide roller frame is movable
transversely with respect to a direction of motion of coiled tubing through the tubing injector

are taught by: US 7,753,112 B1 to REYNOLDS (hereinafter 'Reynolds').

Reynolds teaches a coiled tubing conveyance apparatus, comprising:

a tubing injector (trailer 2 and wheeled trailer frame 3; abstract: a tubing transport, installation and removal apparatus comprising a trailer
having a wheeled trailer frame);

a guide roller frame (spoot frame 30) having a coiled tubing reel (tubing spool 34) attached thereto movably mounted on the tubing
injector (trailer 2 and wheeled trailer frame 3; see Figure 2);

a coiled tubing (tubing string 54) extended from the coiled tubing reel (tubing spool 34); and

a transverse motion apparatus (hydraulic cylinder 23) coupled to the tubing injector (trailer 2 and wheeled trailer frame 3) and the guide
roller frame (spool frame 30) such that the guide roller frame (spool frame 30) is movable transversely with respect to a direction of
motion (see col 4, Ins 13-20: responsive to extension of the piston 25 from the hydraulic cylinder 23 and retraction of the piston 25 into
the hydraulic cylinder 23, the spool carriage 20 slides bi-directionally on the carriage frame members 16, between the base frame
members 15 of the spool base frame 14, as indicated by the double-headed arrow in FIG. 3, in transverse relationship with respect to
the longitudinal axis of the trailer frame 3 (FIG. 1)) of coiled tubing (54) through the tubing injector (2, 3).

Therefore, the common features are not an improvement over the prior art.

Unity of invention is lacking under PCT Rule 13.2, because Groups | and Hl do not share a same or corresponding special technical
feature providing a contribution over prior art.
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