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APPARATUS AND METHODS OF RUNNING CASING IN A DUAL GRADIENT
SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention generally relate to running casing

into a dual gradient well.

Description of the Related Art

[0002] Drilling operations that use two different fluid densities or mud weights
(Dual Gradient Drilling Systems) have been used to construct subsea wells. See for
example, U.S. Patent Numbers 6,536,540; 6,843,331; and 6,926,101. Benefits of a
dual gradient drilling system include reduction of the hydrostatic pressure in the well
annulus above the bottom or at a previous casing point while simultaneously
maintaining an equivalent hydrostatic pressure at the bottom of the hole as a single

gradient fluid system.

[0003] One challenge of using a dual gradient system is the process of running in
casing. For example, the process of running in casing may cause a pressure surge
that may induce fluid losses that would jeopardize the well. Also, the mud weight
needed to control pressures in the well must be carefully monitored against the
pressure that may induce formation breakdown in the annulus. Formation breakdown
may also cause undesired fluid losses to the formation between a casing shoe and
total depth.

[0004] There is a need, therefore, for systems and methods for running casing in a
well with a dual gradient system, which minimize the pressure effects upon the

formation.

SUMMARY OF THE INVENTION

[0005] A method of running casing in a dual gradient system includes lowering a
casing into a low density fluid region and allowing the low density fluid to enter the
casing; releasing a plug into the casing; supplying a high density fluid behind the plug,
thereby urging the low density fluid out of the casing; and lowering the casing into a
high density fluid region until target depth is reached. In one embodiment, the
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method includes operating a pump to maintain the dual gradient effect. In another
embodiment, the method includes pumping the high density fluid out of the casing
until the hydrostatic head of the high density fluid is substantially the same as a

hydrostatic head of the low density fluid.

[0006] In another embodiment, a plug includes a housing; a plurality of fins
disposed on an exterior of the housing; a bore extending through the housing; a
catcher attached to the bore; and a piston releasably attached to the catcher, wherein

the piston forms a seal with the catcher to selectively block fluid flow through the bore.

[0007] In another embodiment, a method of running casing in a dual gradient
system includes lowering a casing into a low density fluid region and allowing a low
density fluid to enter the casing; supplying a high density fluid behind the low density
fluid; displacing the low density fluid out of a bottom end of the casing; and lowering
the casing into a high density fluid region until target depth is reached.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized 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.

[0009] Figure 1 illustrates an exemplary dual gradient system.

[0010] Figure 2 illustrates an exemplary plug suitable for use with the dual gradient
system of Figure 1.

[0011] Figure 3 illustrates a step of running casing in the dual gradient system of
Figure 1.

[0012] Figure 4 illustrates another step of running casing in the dual gradient
system of Figure 1.

[0013] Figure 5 illustrates another exemplary dual gradient system.
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DETAILED DESCRIPTION

[0014] Figure 1 illustrates an exemplary well operating under a dual gradient fluid
system (also referred to herein as “DGS”). The DGS may be used to drill the wellbore
10. A subsea riser 15 extends from a surface or semi-submerged vessel (not
illustrated) through seawater 2 and connects to a wellhead 17 on the sea floor 3. In
one embodiment, the riser 15 may connect to a blow out preventor (not shown) in the
wellhead 17. A casing 20 extends below the wellhead 17 and is supported by
cement. An uncased or open-hole portion of the wellbore 10 is shown below the
casing 20.

[0015] In one embodiment of the dual gradient system, a low density fluid 31 is
disposed in the riser 15, and a high density fluid 33 is disposed in the casing 20 and
the uncased portion of the wellbore 10. An interface 32 exists between the low
density fluid 31 and the high density fluid 33. The interface 32 may or may not be as
clearly defined as depicted in the Figures, and in some embodiments, may contain a
mixture of low and high density fluids 31, 33. As used herein, the terms “low density
fluid” and “high density fluid” simply mean that the “low density fluid” has a lower
density than the “high density fluid” in the well. In one embodiment, the high density
fluid may have a density that is at least 5 percent more than the low density fluid. In
certain embodiments, the high density fluid may be 10, or 15, or 20, or 25, or 30, or
more percent higher, i.e., heavier, than the low density fluid. The high and low
density fluids may be a mud. The high or low density muds may be a water-based
mud, an oil-based mud, a synthetic oil-based mud, and combinations thereof. In
another embodiment, the low density fluid may be seawater or a viscous water. In
one example, the density of the high density mud may be between 11 to 21 pounds
per gallon (ppg). The density of the low density mud may be between 5 to 10 ppg;
more preferably, the density of the fluid in the riser 15 is approximately the same as

the seawater outside of the riser 15.

[0016] A return line 26 is connected to the wellhead 17 or riser 15 for removing
fluid in the region of the interface 32. A lift pump 27 is coupled to the return line 26 to
facilitate removal of the fluid proximate the interface 32. In one embodiment, the
pump 27 may be operated to maintain the pressure conditions in the wellbore 10. For
example, if the wellbore is in an underbalanced pressure condition, then the pump 27
may be operated to maintain that condition. Alternatively, if the wellbore is in an
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overbalanced pressure condition, then the pump 27 may be operated to maintain that
condition. In another embodiment, the pump 27 may be configured to automatically
turn on or off in response to a change in the pressure condition of the wellbore. In
another embodiment, the return line 26 may be used to supply a fluid such as low or
high density fluids into the wellbore.

[0017] In one embodiment, the casing 40 to be run-in may include an autofill float
device 45 such as a collar or a shoe coupled to a lower portion of the casing 40. The
float shoe 45 is adapted to allow fluid to flow into the casing 40 during run-in. The
float shoe 45 may be converted to a one way valve that only allows fluid to flow out of
the casing 40. In one embodiment, the float shoe 45 may be converted in response
to a predetermined pressure. For example, the float shoe 45 may be configured to
convert at a pressure between 500 psi to 700 psi and a flow rate between 5 to 8 bpm.
Any suitable autofill float shoe known to one of ordinary skill in the art may be used.
An exemplary autofill float shoe is the Large Bore Auto-Fill sold by Weatherford
International Ltd located in Houston, Texas.

[0018] In another embodiment, a landing collar 48 for receiving a pump down plug
50 may be disposed above the float shoe 45. The landing collar 48 may be any
suitable landing collar known to a person of ordinary skill in the art. The pump down
plug 50 may be used to separate the two different types of fluids, such as separating
low and high density fluids. The pump down plug 50 may be adapted to receive
another plug such as a bottom plug during a cementing operation. In one example,
the pump down plug includes a rupturable membrane blocking fluid flow through a
bore of the plug. During operation, the pump down plug separates a fluid in front of
the plug from a fluid behind the plug. After the pump down plug lands in the landing
collar, pressure above the plug is increased to break the rupturable membrane,
thereby allow fluid flow through the bore of the plug.

[0019] Figure 2 illustrates another exemplary pump down plug 50. The plug 50
includes a housing 51 having one or more fins 52 on the exterior and a bore 53
extending through an interior. A catcher 56 is positioned in the bore 53 either directly
or by using a connector 54. The catcher 56 may be a cage like structure having a
plurality of openings formed between a plurality of legs 64 for allowing fluid flow. A
piston 55 is selectively coupled to the catcher 56. In one embodiment, the piston 55

includes a piston head 57 disposed in an upper portion of the catcher 56. A sealing
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member 59 such as an o-ring may be used to form a seal between the piston head 57
and the catcher 56. The lower portion of the piston 55 may be selectively attached to
the catcher 56 using a shearable member 58 such as a shearable pin. The shearable
member 58 is adapted to shear at a predetermined pressure differential. In one
embodiment, the shearable member 58 is adapted to shear between a maximum
pressure of 200 psi and a minimum pressure that exceeds the maximum pressure
required to move the plug 50 downward. In one embodiment, the minimum pressure
to shear the shearable member 58 allows for the uppermost shear range of the
shearable member to exceed the maximum pressure required to move the plug 50
downward plus a safety margin. For example, if the plug 50 is pumped down with a
maximum pressure of 50 psi, then the shear pressure should be at least 100 psi for a
safety factor of two and less than 200 psi. In other examples, safety factor may be
between 1.2 to 4 times to the maximum pump down pressure. In the initial position,
the piston head 57 prevents fluid flow through the bore 53 of the plug 50. After the
shearable member 58 is sheared, the piston head 57 is allowed to fall relative to the
catcher 56, thereby opening the bore 53 for fluid communication. In another
embodiment, the lower portion of the piston 55 may optionally include a shoulder 62
to prevent shearing of the pin 58 by a pressure below the plug 50. In another
embodiment, the pump down plug may be adapted to receive a ball or another
dropped object. The ball may land in the plug and allow fluid pressure to build behind
the plug. The increased pressure will urge the plug to move downward. After
stopping at the desired position, pressure may be increased to remove the ball,
thereby reestablishing fluid communication through the plug again. In yet another
embodiment, a shearable sleeve may be used in place of the piston to block flow
through the plug until sufficient pressure is built up behind the plug to shear the

sleeve and allow flow through the plug.

[0020] In operation, a casing 40 is run-in to support the uncased portion of the
wellbore 10. The casing 40 may be hung off of the wellhead 17 or hung off from the
existing casing 20 at a location below the wellhead 17. During run-in, the low density
fluid 31 such as seawater or a low density mud at 8.6 ppg in the riser 15 is allowed to
enter the casing 40 through the autofill float shoe 45. The casing 40 is lowered until
the bottom of the casing 40 is located in the region of the interface 32, as shown in
Figure 1. It must be noted that although the casing 40 is shown located in the high
density fluid 31 below the interface 32, it is contemplated that the casing 40 may be
5
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located just above the interface 32 in the low density fluid 33. In this example, the
high density fluid may be a high density mud having a density between 12-15 ppg.
Exemplary high density fluids include any fluid or mud suitable for use in drilling
operations. In one embodiment, the density selected is sufficient to maintain control
of the well without fracturing the formations in the wellbore.

[0021] In one embodiment, after reaching the region of the interface 32, the pump
down plug 50 is inserted into the casing 40 and pumped down the bore of the casing
40 to displace the light density fluid below the plug 50 out of the casing 40. This
embodiment is particularly useful when the length of casing 40 is longer than the
water depth to the sea floor. Before release, the plug 50 may be positioned in a pup
joint or casing joint that is connected to the casing 40. This pup joint or casing joint
may have an inside diameter that is larger than the inside diameter of the casing 40
above and/or below the position of the plug 50. The larger diameter keeps the plug
50 from falling from the joint as it is lifted for insertion in the casing string. Other
mechanisms of retaining the plug may be used, such as a series of grooves that
engage the plug fins or alternatively a drillable retainer that is smaller than the drift
I.D. of the casing. A push fluid such as a high density fluid is supplied behind the plug
50 to urge the plug 50 down the casing 40. Figure 1 shows the plug 50 traveling
downward in the casing 40. In one embodiment described herein, the high density
fluid is the same high density mud 33 disposed in the uncased portion of the wellbore
10, although it is contemplated that they could be different fluids. In another
embodiment, the push fluid may have a density between 12-21 ppg. As the plug 50 is
pumped down, the low density mud in the casing 40 is forced out of the casing 40
through the float shoe 45. The displaced light density fluid may be removed from the
riser 15 at or near the interface 32 by the lift pump 27, or may cause an overflow of
light density fluid into a discharge line near the top of the riser 15.

[0022] After the plug 50 lands in the landing collar 48, pressure is increased
behind the plug 50 in order to shear the pin 58. For example, the pressure may be
increased to 150 psi to shear the pin 58, thereby opening the plug 50 for fluid flow
therethrough. The high density mud 33 in the casing 40 then flows out and mixes
with the light density mud 31 in the riser 15. Mixing of the high and low density muds

33, 31 may cause a change in the pressure condition of wellbore. In response, the lift
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pump 27 may be operated to maintain the pressure condition of the wellbore 10 by
removing the mixed muds from the interface 32 via the return line 26.

[0023] In one embodiment, the lift pump 27 may continue to pump the muds 31, 33
until the hydrostatic head caused by the level 63 of the high density mud 33 in the
casing 40 is equal to the hydrostatic head caused by the level 61 of the low density
mud 31 in the riser 15, as illustrated in Figure 3. The area 67 above the high density
fluid 33 in the casing 40 may contain air. Thereafter, the casing 40 is lowered into the
wellbore 10 toward the uncased portion. The introduction of the casing 40 into the
wellbore 10 may cause the high density mud 33 in the wellbore 10 to be displaced
upward. Constant pressure at the interface 32 is maintained by removing the
displaced high density mud 33 using the pump 27, thereby maintaining the dual
gradient effect. Some of the high density mud 33 enters the casing 40 through the
autofill float shoe 45 and enters the empty area 67 in the casing 40. In another
embodiment, the casing 40 may be lowered before the hydrostatic equilibrium is
reached.

[0024] After the proper length of casing 40 has been run, a conveyance string
such as a pipe landing string 70 is connected to the casing 40, as illustrated in Figure
4. A subsurface plug release system having a top plug 71 and a bottom plug 72 may
be attached to the distal end of the landing string 70. The casing 40 continues to be
lowered until the casing 40 lands in the wellhead 17. For clarity, a casing hanger is
not shown. Then the pressure inside the casing 40 is increased in order to convert
the autofill float shoe 45 to a one way valve that prevents the inflow of fluid. In this
manner, a casing 40 may be run in the dual gradient system with minimal pressure
surge and with minimal contamination of the low and high density muds in the casing
40.

[0025] After conversion, the casing 40 is ready for the cementing operation. The
top and bottom plugs 71, 72 may be released in the appropriate order as is known to
a person of ordinary skill. For example, the bottom plug 72 may be released in front
of the cement to separate the cement from the high density mud. The bottom plug 72
may be released using a first dart dropped from the rig. Then the top plug 71 is
released to separate the cement from a push fluid, such as the high density mud.
The top plug 71 may be released using a second dart dropped from the rig. After the

bottom plug 72 lands on the pump down plug 50, pressure is increased to break a
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rupturable membrane in the bottom plug 72. In another embodiment, top and bottom
cement plugs may be released from the surface, such as using a cementing head.
The cement is then urged out of the casing 40 to fill the annulus. The cement is
squeezed out until the top plug 71 lands on the bottom plug 72 or calculated
displacement is reached. Thereafter, the cement is allowed to cure.

[0026] In another embodiment, where the length of casing 40 is shorter than the
water depth, the plug 50 may be positioned in the casing 40 as the casing 40 is made
up. In one example, as shown in Figure 5, one or more subsurface release plugs 71,
72 may be positioned behind the pump down plug 50. The pump down plug 50 may
be inserted into a pup joint 53 as described previously. The casing 40 with plugs 50,
71, 72 at the top end are lowered using a conveyance string such as a landing string
70. In this embodiment, a high density mud may be supplied behind the plugs 50, 71,
72 as the casing string 40 is run-in to prevent the plugs 50, 71, 72 from being forced
upward as the casing 40 is run in and to reduce the amount of light density fluid that
must be removed from the casing 20 when the casing 40 reaches the interface.
Thus, in this embodiment, the plugs 50, 71, 72 are already disposed in the casing 40
when the casing 40 reaches the interface 32 or the well head 17. The casing 40 may
be lowered into the high density fluid in accordance with the methods described
above.

[0027] In one embodiment, a method of running casing in a dual gradient system
includes lowering a casing into a low density fluid region and allowing the low density
fluid to enter the casing; releasing a plug into the casing; supplying a high density fluid
behind the plug, thereby urging the low density fluid out of the casing; and lowering
the casing into a high density fluid region until target depth is reached.

[0028] In another embodiment, a method of running casing in a dual gradient
system includes lowering a casing into a low density fluid region and allowing a low
density fluid to enter the casing; supplying a high density fluid into the casing, wherein
the high density fluid is behind the low density fluid; displacing the low density fluid
out of a bottom end of the casing; and lowering the casing into a high density fluid
region until target depth is reached.

[0029] In one or more embodiments described herein, the method includes
operating a pump to maintain the dual gradient effect.

8



10

15

20

25

WO 2014/127059 PCT/US2014/016129

[0030] In one or more embodiments described herein, the method includes urging
the high density fluid out of the casing until a hydrostatic head of the high density fluid
is substantially the same as a hydrostatic head of the low density fluid.

[0031] In one or more embodiments described herein, the method includes
lowering the casing to a location proximate an interface between the low and high

density fluid regions before releasing the plug.

[0032] In one or more embodiments described herein, lowering the casing into the
high density fluid region is performed after the hydrostatic head equilibrium is

substantially reached.

[0033] In one or more embodiments described herein, the method includes
operating a pump to maintain the dual gradient effect while the high density fluid is

being urged out of the casing.

[0034] In one or more embodiments described herein, the method includes
operating a pump to maintain the dual gradient effect while lowering the casing into
the high density fluid region.

[0035] In one or more embodiments described herein, a plug includes a housing; a
plurality of fins disposed on an exterior of the housing; a bore extending through the
housing; a catcher attached to the bore; and a piston releasably attached to the
catcher, wherein the piston forms a seal with the catcher to selectively block fluid flow
through the bore.

[0036] In one or more embodiments described herein, the catcher includes one or

more windows for fluid flow.

[0037] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A method of running casing in a dual gradient system, comprising:

lowering a casing into a low density fluid region and allowing the low density
fluid to enter the casing;

releasing a plug into the casing;

supplying a high density fluid behind the plug; and

lowering the casing into a high density fluid region until target depth is reached.

2. The method of claim 1, further comprising operating a pump to maintain the
dual gradient effect.

3. The method of claim 1, further comprising lowering the casing to a location
proximate an interface between the low and high density fluid regions before

releasing the plug.

4. The method of claim 3, further comprising pumping the high density fluid out of
the casing until a hydrostatic head of the high density fluid is substantially the same

as a hydrostatic head of the low density fluid.

5. The method of claim 4, wherein lowering the casing into the high density fluid
region is performed after the hydrostatic head equilibrium is substantially reached.

6. The method of claim 1, further comprising urging the high density fluid out of
the casing until a hydrostatic head of the high density fluid is substantially the same
as a hydrostatic head of the low density fluid.

7. The method of claim 1, further comprising operating a pump to maintain the
dual gradient effect while lowering the casing into the high density fluid region.

8. The method of claim 1, further comprising urging the low density fluid out of the
casing.
9. The method of claim 1, further comprising:

10
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retaining the plug in the casing using at least one of one or more grooves in the
pup joint, a removable retainer, a drillable retainer, and combinations thereof; and
releasing the plug using an applied pressure or force.

10.  The method of claim 1, wherein the plug comprises:

a housing;

a plurality of fins disposed on an exterior of the housing;

a bore extending through the housing;

a catcher attached to the bore; and

a piston releasably attached to the catcher, wherein the piston forms a seal
with the catcher to selectively block fluid flow through the bore.

11.  The method of claim 1, further comprising:
attaching a conveyance string to the casing; and
lowering the conveyance string before releasing the plug.

12. The method of claim 11, further comprising positioning one or more subsurface
release plugs above the plug.

13.  The method of claim 1, further comprising positioning the plug in a pup joint

connected to the casing.

14.  The method of claim 13, further comprising:
retaining the plug in the pup joint using at least one of one or more grooves in
the pup joint, a removable retainer, a drillable retainer, and combinations thereof; and
releasing the plug using an applied pressure or force.

15.  The method of claim 1, wherein the plug comprises:
a housing;
a plurality of fins disposed on an exterior of the housing;
a bore extending through the housing; and

a rupture disc for blocking fluid flow through the bore.

11
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16. A plug, comprising:

a housing;

a plurality of fins disposed on an exterior of the housing;

a bore extending through the housing;

a catcher attached to the bore; and

a piston releasably attached to the catcher, wherein the piston forms a seal
with the catcher to selectively block fluid flow through the bore.

17.  The plug of claim 16, wherein the catcher includes one or more windows for

fluid flow.

18. A method of running casing in a dual gradient system, comprising:

lowering a casing into a low density fluid region and allowing a low density fluid
to enter the casing;

supplying a high density fluid into the casing, wherein the high density fluid is
behind the low density fluid;

displacing the low density fluid out of a bottom portion of the casing; and

lowering the casing into a high density fluid region until target depth is reached.

19.  The method of claim 18, further comprising lowering the casing to a location
proximate an interface between the low and high density fluid regions before

displacing the low density fluid out of the casing.

20. The method of claim 19, further comprising pumping the high density fluid out
of the casing until a hydrostatic head of the high density fluid is substantially the same

as a hydrostatic head of the low density fluid.

21.  The method of claim 20, wherein lowering the casing into the high density fluid

region is performed after the hydrostatic head equilibrium is substantially reached.
22. The method of claim 18, further comprising urging the high density fluid out of

the casing until a hydrostatic head of the high density fluid is substantially the same

as a hydrostatic head of the low density fluid.

12
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23. The method of claim 18, further comprising operating a pump to maintain the
dual gradient effect while lowering the casing into the high density fluid region.

13
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