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(57) Abstract: The present invention provides apparatus and methods for handling fluids returning from a well. The fluids are

O introduced into a separator (110) and a separated gas stream (60) is recovered or recycled. The gas stream may comprise more than
one phase. The separated gas stream is urged through a multiphase pump (200) before it is recovered. Alternatively, the return fluids
may pass through a multiphase pump before it is introduced into the separator.
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CLOSED LOOP MULTIPHASE UNDERBALANCED DRILLING PROCESS

BACKGROUND OF THE INVENTION

Field of the Invention

Aspects of the present invention generally relate to apparatus and methods for
handling wellbore fluids from a well. Specifically, the aspects of the present
invention relate to apparatus and methods of recycling wellbore fluids during
underbalanced drilling. The aspects of the present invention further relates to
apparatus and methods of handling wellbore fluids during well testing.

Description of the Related Art

In conventional drilling of wellbores for the production of hydrocarbons, drilling mud
is generally used as the circulating medium. The drilling mud is typically made up of
a fluid mixture of water and a suitable additive. The drilling mud is injected under
pressure through a tubing to the bottom of the wellbore. During operation, the
drilling mud at the bottom is continuously circulated to the surface. One of the
functions of the drilling fluid is to carry and remove any rock cuttings resulting from
the drilling operation to the surface. Another function is to exert a hydrostatic
pressure at the bottom of the wellbore to prevent hydrocarbons in the formation from
entering the wellbore.

Because the hydrostatic pressure in the wellbore is greater than the formation
pressure, the drilling mud will most likely penetrate into or invade the formations
surrounding the wellbore. Drilling mud that has penetrated into the formation
reduces the permeability of the wellbore, thereby impeding the flow of hydrocarbons
into the wellbore. As a result, the productivity of the well can be adversely affected.
This type of wellbore damage is generally known as “skin damage” and may extend
from a few centimeters to several meters from the wellbore.

More recently, underbalanced drilling was developed to overcome this problem.
Underbalanced drilling involves maintaining the equivalent circulating or hydrostatic
pressure of the fluid in the wellbore below the formation pressure. This
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underbalanced condition may be achieved by using a “lightened” drilling tiuid as e
circulating medium. Examples of lightened drilling fluid include fluids mixed with a
gas, such as air, nitrogen, or natural gas. The gas may be introduced at the surface
into the drill string for delivery at the bottom of the wellbore. The lightened drilling
fluid exerts a hydrostatic pressure at the bottom of the wellbore that is below the
formation pressure. In this manner, the underbalanced condition may be

maintained.

Drilling fluid returning to the surface typically contains the cuttings from the drilling.
Because the underbalanced state may allow a net flow of gas or oil into the wellbore,
the return fluid may also contain liquid and gaseous hydrocarbons mixed with the
circulating mud when the well penetrates a formation containing hydrocarbons.
Therefore, the return fluid reaching the surface may be made up of four phases:
solids (cuttings), water, oil, and gas.

The return fluids are typically conveyed into a closed pressure vessel separator. In
the separator, the return fluids are separated and delivered into separate streams.
In most cases, the separated gas stream is delivered to a flare line or a vent line.
When the separated gas siream contains nitrogen or hydrocarbons, valuable
resources are unnecessarily wasted or desiroyed. Moreover, the separated gas

stream is typically disposed in an environmentally unfriendly manner such as flaring.

Therefore, there is a need for a method of recycling the separated gas stream to
avoid unnecessary waste. There is also a need for an apparatus for handling
multiphase return fluids and recycling the gas stream. There is a further need for an
apparatus for handling multiphase return fluids with reduced flaring of the gas
stream.

SUMMARY OF THE INVENTION

The present invention generally provides a system for handling fluids returning from
a well. The system includes a separator in selective fluid communication with a well
outlet and at least one multiphase pump in selective fluid communication with the
separator.
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In one embodiment, the system has a multiphase pump cénnected to the separator
outlet. The multiphase pump outlet may be connected to the well inlet for recycling
at least a portion of the return fluid. Alternatively, the multiphase pump outlet may be
connected to an export line for capturing a portion of the return fluid. In another
embodiment, the system may have a second multiphase pump disposed between

the well outlet and the separator inlet.

In another aspect, the present invention provides a method of treating fluid returning
from a well. The method includes introducing the fluid into a separator and
introducing at least a portion of the fluid into at least one multiphase pump. In the
separator, a gas component of the fluid may be separated from the fluid and may
include more than one phase. The separated gas component may be recycled back
to the well inlet or delivered to an export line.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of the present invention, and
other features contemplated and claimed herein, are attained and can be understood
in detail, a more particular description of the invention, briefly summarized above,
may be had by reference to the embodiments thereof 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.

Figure 1 is a schematic view of one embodiment of a fluid handling circuit according

to aspects of the present invention.
Figure 2 is a schematic view of an exemplary multiphase pump.

Figure 3 is a schematic view of another embodiment a fluid handling circuit

according to aspects of the present invention.

Figure 4 is a schematic view of one embodiment of a fluid handling system according
to aspects of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 shows a fluid handling circuit 5 for a well 10 undergoing underbalanced
drilling according to one embodiment of the present invention. The circuit 5 connects
a wellbore outlet 15 to a wellbore inlet 20. A fluid feed line 25 is connected to the
well inlet 20 for supplying the liquid portion of the drilling fluid. The wellbore inlet 20
may optionally include a gas supply 30 for providing gas used to lighten the drilling
fluid at any desired time during operation, such as in the beginning of the operation,

intermittently during operation, or continuously during operation.

Fluid returning from the wellbore annulus 35 (“return fluid”) exits the wellbore outlet
15 and is directed to a primary separator 110. The primary separator 110 preferably
is a four-phase separator. Four phase separators are known in the art. An
exemplary separator suitable for use with the present invention is disclosed in U.S.
Patent No. 5,857,522 issued to Bradfield, et al., which patent is herein incorporated
by reference in its entirety. The wellstream is processed in the separator 110 to
produced separate streams of solid, oil, liquid, and gas. Although a four phase
separator is disclosed herein, other types of separators known to a person of
ordinary skill in the art are equally applicable.

Generally, the return fluid entering into the separator 110 passes to a first stage of
the separator 110. Solids (sludge), such as drilled cuttings, present in the return fluid
are removed in the first stage by gravity forces that are aided by centrifugal action of
a device (not shown) disposed in the separator 110. The device is capable of
separating the solids from the return fluid and is known in the art. Because solids
are heavier than the remaining fluids, the solids collect at the botiom of the separator
110 and are removed therefrom through line 85. The remaining return fluid is
substantially free of solids when it passes to a second stage.

The second stage essentially acts as a three phase separator to separate gas, oil,
and liquid present in the return fluid into different streams. The separated gas
stream varies in composition but usually includes the gas in the drilling fluid and
small amounts of entrained fine solids and liquids. Due o its composition, the gas
stream is sometimes referred to as wet gas.

4
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According to aspects of the present invention, the wet gas may be recycled and re-
used in the drilling operation. As shown in Figure 1, the wet gas is discharged from
the separator 110 through wet gas line 60 which is connected to the well inlet 20.
Typically, the wet gas leaving the separator 110 is low in pressure. Therefore, it
would be desirable to increase the pressure of the wet gas. However, as discussed
above, the wet gas may include three different phases, namely, solid, liquid, and
gas.

In one embodiment, a multiphase pump 200 may be connected to the wet gas line
60 to boost the pressure of the wet gas. The multiphase pump 200 is designed to
handle fluids containing one or more phases, including solids, water, gas, oil, and
combinations thereof. Figure 2 shows an exemplary multiphase pump 200 suitable
for use with the present invention. The multiphase pump 200 is a skid mounted
multiphase pump having a power unit 210. The multiphase pump 200 has a pair of
driving cylinders 211, 212 placed in line with a respective vertically disposed plunger
221, 222. The multiphase pump 200 includes a pressure compensated pump 240
for supplying hydraulic fluid to the pair of cylinders 211, 212 to control the movement
of the first and the second plungers 221, 222. The power unit 210 provides energy
to the pressure compensated pump 240 to drive the plungers 221, 222.

The plungers 221, 222 are designed to move in alternating cycles. When the first
plunger 221 is driven towards its retracted position, a pressure increase is triggered
towards the end of the first plunger's 221 movement. This pressure spike causes a
shuttle valve (not shown) to shift. In turn, a swash plate (not shown) of the
compensated pump 240 is caused to reverse angle, thereby redirecting the hydraulic
fluid to the second cylinder 212. As a result, the plunger 222 in the second cylinder
212 is pushed downward to its retracted position. The second cylinder 212 triggers a
pressure spike towards the end of its movement, thereby causing the compensating
pump 240 to redirect the hydraulic fluid to the first cylinder 211. In this manner, the
plungers 221, 222 are caused to move in alternating cycles.

In operation, a suction is created when the first plunger 221 moves toward an
extended position. The suction causes the return fluid to enter the multiphase pump
200 through a process inlet 230 and fill a first plunger cavity. At the same time, the

5
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second plunger 222 is moving in an opposite direction toward a retracted position.
This causes the return fluid in the second plunger cavity to expel through an outlet
235. In this manner, the multiphase return fluid may be effectively moved to a
separator 110. Although a pair of cylinders 211, 212 is disclosed, it is contemplated
that the aspects of the present invention may be used with one cylinder or any
number of cylinders.

Even though the wet gas contains three phases, the multiphase pump 200 may
effectively increase the pressure of the wet gas in the wet gas line 60 and recycle the
wet gas back to the well inlet. 20. In this respect, the fluid handling circuit 5
according to aspects of the present invention may significantly reduce the
requirements of separation equipment for recycling the wet gas. Moreover, the
multiphase pump 200 will allow recovery or recycling of low pressure gas. In this
manner, valuable return fluid gas such as nitrogen and natural gas may be recycled

and/or recaptured.

The fluid handling circuit 5 may include a flare line 65 connected to the wet gas line
60. The flare line 65 may be used to discharge excess wet gas in the wet gas line
60. The flare line 65 may direct the excess wet gas to a flare stack or a collecting
unit for other manners of disposal.

The oil contained in the return fluid is separated at the second stage. The separated
oil collects in a tank (not shown) placed in the second stage of the separator 110.
When the oil reaches a predetermined level in the tank, the oil is removed from the
separator 110 through line 80. Typically, the oil is disposed in an oil tank for
recovery.

Finally, liquid that is substantially free of oil collects in a chamber or reservoir (not
shown). Typically, the liquid consists substantially of water. When the liquid reaches
a predetermined level, it is discharged to the drilling fluid supply 50 through line 75.
In this manner, the liquid may be recycled for use during the drilling operation. The
circuit 5 may optionally include a secondary separator (not shown) to separate out
any gas remaining in the liquid before delivering it to the drilling fluid supply 50. The
separated gas may either be flared or delivered to the wet gas line 60 through a line

6
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(not shown) connecting line 75 to line 60. From the drilling fluid supply 50, the liquid
may be delivered to the well inlet 20 by a pump 55.

In another embodiment, an export line 70 may be connected to the wet gas line 60.
When natural gas is used as the lightening gas or the drilling occurs in a producing
formation, the wet gas leaving the separator 110 will contain valuable natural gas.
The multiphase pump may be used to increase the wet gas pressure to that of the
export line. Thereafter, the wet gas may be capturéd and realized by directing the
gas stream to the export line 70. As a result, the well 10 may start producing for an
operator even before the well 10 is completed.

In operation, the return fluid exiting the well outlet 15 enters the separator 110 for
separation as shown in Figure 1. The return fluid is processed in the separator 110
to produce separate streams of solids, liquids, oil, and gas. The solids are removed
from the separator 110 through line 85. The oil is removed from the separator 110
through line 80. The liquid is removed from the separator 110 through line 75 and
delivered to the drilling fluid supply 50 for recycling. The gas is removed from the
separator 110 through line 60. From there, the wet gas enters the multiphase pump
200 where its pressure is increased to facilitate tfransport through the system 5.
Even though the wet gas contains more than one phase, the multiphase pump 200
may effectively increase the pressure of the wet gas. The wet gas leaving the
multiphase pump 200 is directed to the well inlet 20 through line 60 and re-used.
Alternatively, if the wet gas contains hydrocarbons, the export line 70 may be
opened to deliver the hydrocarbons for sale or other use. If excess wet gas exists,
the flare line 65 may be opened to direct wet gas to a flare stack for disposal. In this
manner, the wet gas in the return fluid may be recycled, collected, or otherwise

disposed.

As shown in Figure 1, the circuit 5 may optionally include a second gas supply 32
connected to the separator 110. The second gas supply 32 may be used as an
additional source of gas such as nitrogen. Additionally, the second gas supply may
assist with transient fluid flow management common with underbalanced drilling
operations.
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In another embodiment (not shown), the wet gas leaving the multiphase pump 200
may be directed to a secondary separator. The secondary separator may be used to
remove substantially all of the entrained solid and liquid. The separated streams of
fluid may then be directed to their respective disposal line. The gas stream leaving
the secondary separator will be substantially void of liquid or solid. If desired,
another multiphase pump may be used to boost the pressure of the gas stream
before it is redirected back to the well inlet 20.

In another embodiment, the export line 70 may alternatively be used as an import
line 70. In this respect, the import line 70 may be connected to the wet gas line 60.
The import line 70 may be used to supply gas into the wet gas line 60 for introduction
into the well 10. In this manner, gas may be added to lighten the drilling fluid from an
outside source.

Figure 3 illustrates another embodiment according to the aspects of the present
invention. In this embodiment, a second multiphase pump 92 is disposed between
the well outlet 15 and the separator 110. One advantage of the second multiphase
pump 92 is that it may boost the pressure of the return fluid to facilitate recycling
thereof. For example, in some wells, the return fluid leaving the well outlet has very
low pressure. The first multiphase pump may not be able to increase the wet gas
pressure sufficiently for efficient recycling. In such instances, the second multiphase
pump may provide the additional boost needed to recycle the return fluid. In another
aspect, the fluid handling circuit 5 may include an optional bypass line 94 to
circumvent the second multiphase pump 92 when the return fluid is of sufficient
pressure. In another aspect still, the second multiphase pump 92 may be used
without the multiphase pump 200. In this instance, the second multiphase pump 92
may be designed to increase the pressure of the wellstream sufficiently so as to
result in a desired wet gas pressure leaving the separator 110. Consequently, the
wet gas may be recycled or exported without the need of multiphase pump 200.

Although the embodiments described above relates to underbalanceql drilling, it must
be noted that aspects of the present invention are equally applicable to a well not
undergoing underbalanced operations. Rather, it is contemplated that aspects of the

present invention are generally applicable to the management of wellbore fluids and

8
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pressures during wellbore operations without relying on fluid weight to achieve such

management.

In another aspect, the fluid handling system 400 may be used to handle fluids from a
wellbore during well testing. Figure 4 shows a well 410 having a temporary
production testing equipment including a production tubing 415 and at least one
packer 420 disposed between the wellbore 410 and the production tubing 415.
During testing, the well 410 is permitted to flow hydrocarbon for a period of time so
that a quantitative analysis may be performed to determine the hydrocarbon
reserves of the well 410. In some instances, the well 410 may be permitted to flow

for a period of 10 days before the testing is complete.

During production testing, fluid in the wellbore 410 is allowed to move up the tubing
415, exit the well 410, and enter a separator 425. The fluid is a multiphase fluid
because it may contain gas, oil, water, or combinations thereof. In the separator
425, the fluid is separated into different streams of oil, water, and gas. It must be
noted that each stream may contain a small amount of various phases. For
example, the gas stream may contain small amounts of water and oil, and thus, may
appropriately be considered a wet gas stream. The wet gas stream leaving the
separator 425 is directed to a multiphase pump 430 where its pressure is increased
to a level greater than or equal to the pressure in an export line 435. In this manner,
the wet gas stream may be captured during well testing. As a result, the aspects of
the present invention provide a method and apparatus to handle fluids from the well
410 during well testing without flaring. However, if desired, the fluid handling system
400 may optionally include a flare line 445 connected to the wet gas line 440. The
flare line 445 permits flaring of the wet gas stream and adds versatility to the system
400. The separaied oil and water leave the separator 425 through lines 450 and
455, respectively. |

As shown in the Figure 4, the system 400 may optionally include a second
multiphase pump 460 disposed between the well outlet 465 and the separator 425.
The second multiphase pump 460 may increase the pressure of the return fluids so
the wet gas pressure leaving the separator 425 is greater than or equal to the export
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line pressure. The system 400 may also include a bypass line 470 to circumvent the

second multiphase pump 460.

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.

!

10
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We Claim:

1. A system for handling fluids returning from a well, the well having an inlet and
an outlet, comprising:

a separator having an inlet and an outlet, wherein the inlet of the separator is
in selective fluid communication with a source of the return fluids; and

at least one multiphase pump in selective fluid communication with the

separator.

2. The system as claimed in claim 1, wherein the at least one multiphase pump

comprises at least one cylinder having a respective plunger.

3. The system as claimed in claim 2, wherein the at least one multiphase pump

comprises a first cylinder and a second cylinder.

4, The system as claimed in claim 3, wherein the respective plungers in the first

cylinder and the second cylinder move in alternating cycles.

5. The system as claimed in any of claims 1 to 4, wherein a wet gas is separated
from the fluids.

6. The system as claimed in claim 5, wherein the wet gas comprises more than
one phase.
7. The system as claimed in any preceding claim, wherein the separator is a four

phase separator.

8. The system as claimed in claim 1, wherein a first multiphase pump is

connected to the outlet of the separator.

9. The system as claimed in claim 8, wherein a second multiphase pump is
disposed between the inlet of the separator and the outlet of the well.

11
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10. The system as claimed in claim 8, wherein a wet gas is delivered to the first
multiphase pump.

11.  The system as claimed in claim 10, wherein the wet gas is delivered from the
first multiphase pump to the well inlet.

12.  The system as claimed in claim 10, wherein the wet gas is delivered from the

first multiphase pump to an export line.

13. The system as claimed in claim 1, wherein the outlet of the separator is in

selective fluid communication with the inlet of the well.

14. The system as claimed in claim 13, wherein a portion of the return fluid is
recycled to the well inlet.

15. The system as claimed in claim 14, wherein the recycled portion comprises a

wet gas.

16. The system as claimed in claim 15, wherein the wet gas is selected from the

group consisting of nitrogen, hydrocarbon, and combinations thereof.

17. The system as claimed in claim 1, wherein the at least one multiphase pump

is disposed between the inlet of the separator and the outlet of the well.

18. The system as claimed in claim 17, wherein the return fluids comprise a wet

gas.

19. The system as claimed in claim 18, wherein the wet gas is recycled to the well

inlet.

12
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20. The system as claimed in any of claims 17 to 19, wherein the at least one
multiphase pump comprises at least one cylinder having a respective plunger.

21.  The system as claimed in claim 20, wherein the at least one multiphase pump
comprises a first cylinder and a second cylinder.

22. The system as claimed in claim 21, wherein the respective plungers in the first

cylinder and the second cylinder move in alternating cycles.

23. The system as claimed in claim 1, wherein the well is in an underbalanced
state.

24. The system as claimed in claim 23, wherein the at least one multiphase pump
comprises at least one cylinder having a respective plunger.

25. The system as claimed in claim 23, wherein the at least one multiphase pump
comprises a first cylinder and a second cylinder, wherein the first cylinder and the

second cylinder move in alternating cycles.

26. The system as claimed in any of claims 23 o 25, wherein a wet gas is

separated from the fluids.

27. The system as claimed in any of claims 23 to 26, wherein the separator is a
four phase separator.

28. The system as claimed in claim 26, wherein the wet gas is delivered from the

first multiphase pump to the well inlet.

29. The system as claimed in claim 26, wherein the wet gas is delivered from the

first multiphase pump to an export line.

13
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30. The system as claimed in claim 23, wherein the at least one multiphase pump
is disposed between the inlet of the separator and the outlet of the well.

31.  The system as claimed in claim 30, wherein the at least one multiphase pump

comprises at least one cylinder having a respective plunger.

32. The system as claimed in claim 31, wherein the at least one multiphase pump
comprises a first cylinder and a second cylinder.

33. The system as claimed in claim 32, wherein the respective plungers in the first

cylinder and the second cylinder move in alternating cycles.

34. A method of handling fluids returning from a well, comprising:
introducing the fluids into a separator; and

introducing at least a portion of the fluids into at least one multiphase pump.

35. The method as claimed in claim 34, further comprising separating a wet gas
from the fluids.

36. The method as claimed in claim 35, further comprising recycling the wet gas.

37. The method as claimed in claim 35 or 36, wherein the wet gas comprises one
or more phases.

38. The method as claimed in claim 35, further comprising delivering the wet gas
to an export line.

39. The method as claimed in any of claims 34 to 38, wherein the at least one

multiphase pump comprises at least one cylinder having a respective plunger.

40. The method as claimed in claim 39, wherein the at least one multiphase pump

comprises a first cylinder and a second cylinder.

14
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41.  The method as claimed in claim 40, wherein the respective plungers in the
first cylinder and the second cylinder move in alternating cycles.

42. The method as claimed in any of claims 34 to 38, wherein the at least one
multiphase pump comprises a first cylinder and a second cylinder, wherein the first

cylinder and the second cylinder move in alternating cycles.

43. The method as claimed in claim 34, wherein the well is undergoing
underbalanced operations.
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