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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to
equipment and fluids utilized and operations performed
in conjunction with a subterranean well and, in an em-
bodiment described herein, more particularly provides
for wellbore pressure control with segregated fluid col-
umns.

BACKGROUND

[0002] In underbalanced and managed pressure drill-
ing and completion operations, it is beneficial to be able
to maintain precise control over pressures and fluids ex-
posed to drilled-through formations and zones. In the
past, specialized equipment (such as downhole deploy-
ment valves, snubbing units, etc.) have been utilized to
provide for pressure control in certain situations (such
as, when tripping pipe, running casing or liner, wireline
logging, installing completions, etc.)

[0003] However, this specialized equipment (like most
forms of equipment) is subject to failure, can be time-
consuming and expensive to installand operate, and may
not be effective in certain operations. For example, down-
hole deployment valves have been known to leak and
snubbing units are ineffective to seal about slotted liners.
[0004] Therefore, it will be appreciated that improve-
ments are needed in the art of wellbore pressure control.
These improvements could be used in conjunction with
conventional equipment (such as downhole deployment
valves, snubbing units, etc.), or they could be substituted
for such conventional equipment. The improvements
could be used in underbalanced and managed pressure
drilling and completion operations, and/or in other types
of well operations.

[0005] DocumentUS 2006/272860 A1 discloses meth-
ods for improving the pressure containment integrity of
subterranean well bores.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a schematic partially cross-sectional view
of a well system and associated method which can
embody principles of the present disclosure.

FIG. 2 is a schematic view of a pressure and flow
control system which may be used with the well sys-
tem and method of FIG. 1.

FIG.3 is a schematic cross-sectional view of the well
system in which initial steps of the method have been
performed.

FIG. 4 is a schematic cross-sectional view of the well
system in which further steps of the method have
been performed.

FIG. 5is aschematic view of a flowchart for the meth-
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od.
DETAILED DESCRIPTION

[0007] Representatively and schematically illustrated
in FIG. 1 is a well system 10 and associated method
which can embody principles of the present disclosure.
In the system 10, a wellbore 12 is drilled by rotating a
drill bit 14 on an end of a tubular string 16.

[0008] Drilling fluid 18, commonly known as mud, is
circulated downward through the tubular string 16, out
the drill bit 14 and upward through an annulus 20 formed
between the tubular string and the wellbore 12, in order
to cool the drill bit, lubricate the tubular string, remove
cuttings and provide a measure of bottom hole pressure
control. A non-return valve 21 (typically a flapper-type
check valve) prevents flow of the drilling fluid 18 upward
through the tubular string 16 (e.g., when connections are
being made in the tubular string).

[0009] Control of bottom hole pressure is very impor-
tant in managed pressure and underbalanced drilling,
and in other types of well operations. Preferably, the bot-
tom hole pressure is accurately controlled to prevent ex-
cessive loss of fluid into an earth formation 64 surround-
ing the wellbore 12, undesired fracturing of the formation,
undesired influx of formation fluids into the wellbore, etc.
[0010] Intypical managed pressuredrilling, itis desired
to maintain the bottom hole pressure just greater than a
pore pressure of the formation 64, without exceeding a
fracture pressure of the formation. In typical underbal-
anced drilling, it is desired to maintain the bottom hole
pressure somewhat less than the pore pressure, thereby
obtaining a controlled influx of fluid from the formation 64.
[0011] Nitrogen or another gas, or another lighter
weight fluid, may be added to the drilling fluid 18 for pres-
sure control. This technique is especially useful, for ex-
ample, in underbalanced drilling operations.

[0012] Inthe system 10, additional control over the bot-
tom hole pressure is obtained by closing off the annulus
20 (e.g., isolating it from communication with the atmos-
phere and enabling the annulus to be pressurized at or
near the surface) using a rotating control device 22
(RCD). The RCD 22 seals about the tubular string 16
above a wellhead 24. Although not shown in FIG. 1, the
tubular string 16 would extend upwardly through the RCD
22 for connection to, for example, a rotary table (not
shown), a standpipe line 26, kelley (not shown), a top
drive and/or other conventional drilling equipment.
[0013] The drilling fluid 18 exits the wellhead 24 via a
wing valve 28 in communication with the annulus 20 be-
low the RCD 22. The fluid 18 then flows through fluid
return line 30 to a choke manifold 32, which includes
redundant chokes 34. Backpressure is applied to the an-
nulus 20 by variably restricting flow of the fluid 18 through
the operative choke(s) 34.

[0014] The greater the restriction to flow through the
choke 34, the greater the backpressure applied to the
annulus 20. Thus, bottom hole pressure can be conven-
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iently regulated by varying the backpressure applied to
the annulus 20. A hydraulics model can be used, as de-
scribed more fully below, to determine a pressure applied
to the annulus 20 at or near the surface which will result
in a desired bottom hole pressure, so that an operator
(or an automated control system) can readily determine
how to regulate the pressure applied to the annulus at or
near the surface (which can be conveniently measured)
in order to obtain the desired bottom hole pressure.
[0015] Pressure applied to the annulus 20 can be
measured at or near the surface via a variety of pressure
sensors 36, 38, 40, each of which is in communication
with the annulus. Pressure sensor 36 senses pressure
below the RCD 22, but above a blowout preventer (BOP)
stack42. Pressure sensor 38 senses pressure in the well-
head below the BOP stack 42. Pressure sensor 40 sens-
es pressure in the fluid return line 30 upstream of the
choke manifold 32.

[0016] Another pressure sensor 44 senses pressure
in the standpipe line 26. Yet another pressure sensor 46
senses pressure downstream of the choke manifold 32,
but upstream of a separator 48, shaker 50 and mud pit
52. Additional sensors include temperature sensors 54,
56, Coriolis flowmeter 58, and flowmeters 62, 66.
[0017] Not all of these sensors are necessary. For ex-
ample, the system 10 could include only one of the flow-
meters 62, 66. However, input from the sensors is useful
to the hydraulics model in determining what the pressure
applied to the annulus 20 should be during the drilling
operation.

[0018] In addition, the tubular string 16 may include its
own sensors 60, for example, to directly measure bottom
hole pressure. Such sensors 60 may be of the type known
to those skilled in the art as pressure while drilling (PWD),
measurement while drilling (MWD) and/or logging while
drilling (LWD) sensor systems. These tubular string sen-
sor systems generally provide at least pressure meas-
urement, and may also provide temperature measure-
ment, detection of tubular string characteristics (such as
vibration, weight on bit, stick-slip, etc.), formation char-
acteristics (such as resistivity, density, etc.) and/or other
measurements. Various forms of telemetry (acoustic,
pressure pulse, electromagnetic, optical, wired, etc.) may
be used to transmit the downhole sensor measurements
to the surface.

[0019] Additional sensors could be included in the sys-
tem 10, if desired. For example, another flowmeter 67
could be used to measure the rate of flow of the fluid 18
exiting the wellhead 24, another Coriolis flowmeter (not
shown) could be interconnected directly upstream or
downstream of a rig mud pump 68, etc.

[0020] Fewer sensors could be included in the system
10, if desired. For example, the output of the rig mud
pump 68 could be determined by counting pump strokes,
instead of by using flowmeter 62 or any other flowmeters.
[0021] Note that the separator 48 could be a 3 or 4
phase separator, or a mud gas separator (sometimes
referred to as a "poor boy degasser"). However, the sep-
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arator 48 is not necessarily used in the system 10.
[0022] The drilling fluid 18 is pumped through the
standpipe line 26 and into the interior of the tubular string
16 by the rig mud pump 68. The pump 68 receives the
fluid 18 from the mud pit 52 and flows it via a standpipe
manifold (not shown) to the standpipe line 26, the fluid
then circulates downward through the tubular string 16,
upward through the annulus 20, through the mud return
line 30, through the choke manifold 32, and then via the
separator 48 and shaker 50 to the mud pit 52 for condi-
tioning and recirculation.

[0023] Note that, in the system 10 as so far described
above, the choke 34 cannot be used to control backpres-
sure applied to the annulus 20 for control of the bottom
hole pressure, unless the fluid 18 is flowing through the
choke. In conventional overbalanced drilling operations,
a lack of circulation can occur whenever a connection is
made in the tubular string 16 (e.g., to add another length
of drill pipe to the tubular string as the wellbore 12 is
drilled deeper), and the lack of circulation will require that
bottom hole pressure be regulated solely by the density
of the fluid 18.

[0024] In the system 10, however, flow of the fluid 18
through the choke 34 can be maintained, even though
the fluid does not circulate through the tubular string 16
and annulus 20. Thus, pressure can still be applied to
the annulus 20 by restricting flow of the fluid 18 through
the choke 34.

[0025] In the system 10 as depicted in FIG. 1, a back-
pressure pump 70 can be used to supply a flow of fluid
to the return line 30 upstream of the choke manifold 32
by pumping fluid into the annulus 20 when needed. Al-
ternatively, or in addition, fluid could be diverted from the
standpipe manifold to the return line 30 when needed,
as described in International Application Serial No.
PCT/US08/87686, and in US Application Serial No.
12/638,012. Restriction by the choke 34 of such fluid flow
from the rig pump 68 and/or the backpressure pump 70
will thereby cause pressure to be applied to the annulus
20.

[0026] Although the example of FIG. 1 is depicted as
if a drilling operation is being performed, it should be
clearly understood that the principles of this disclosure
may be utilized in a variety of other well operations. For
example, such other well operations could include com-
pletion operations, logging operations, casing opera-
tions, etc.

[0027] Thus, it is not necessary for the tubular string
16 to be a drill string, or for the fluid 18 to be a drilling
fluid. For example, the fluid 18 could instead be a com-
pletion fluid or any other type of fluid.

[0028] Accordingly, it will be appreciated that the prin-
ciples of this disclosure are not limited to drilling opera-
tions and, indeed, are not limited at all to any of the details
of the system 10 described herein and/or illustrated in
the accompanying drawings.

[0029] A pressure and flow control system 90 which
may be used in conjunction with the system 10 and meth-
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od of FIG. 1 is representatively illustrated in FIG. 2. The
control system 90 is preferably fully automated, although
some human intervention may be used, for example, to
safeguard against improper operation, initiate certain
routines, update parameters, etc.

[0030] The control system 90 includes a hydraulics
model 92, a data acquisition and control interface 94 and
a controller 96 (such as, a programmable logic controller
orPLC, a suitably programmed computer, etc.). Although
these elements 92, 94, 96 are depicted separately in FIG.
2, any or all of them could be combined into a single
element, or the functions of the elements could be sep-
arated into additional elements, other additional ele-
ments and/or functions could be provided, etc.

[0031] The hydraulics model 92 is used in the control
system 90 to determine the desired annulus pressure at
or near the surface to achieve the desired bottom hole
pressure. Data such as well geometry, fluid properties
and offset well information (such as geothermal gradient
and pore pressure gradient, etc.) are utilized by the hy-
draulics model 92 in making this determination, as well
as real-time sensor data acquired by the data acquisition
and control interface 94.

[0032] Thus, there is a continual two-way transfer of
data and information between the hydraulics model 92
and the data acquisition and control interface 94. Pref-
erably, the data acquisition and control interface 94 op-
erates to maintain a substantially continuous flow of real-
time data from the sensors 36, 38, 40, 44, 46, 54, 56, 58,
60, 62, 64, 66, 67 to the hydraulics model 92, so that the
hydraulics model has the information it needs to adapt
to changing circumstances and to update the desired an-
nulus pressure. The hydraulics model 92 operates to sup-
ply the data acquisition and control interface 94 substan-
tially continuously with a value for the desired annulus
pressure.

[0033] A greaterorlesser number of sensors may pro-
vide datato the interface 94, in keeping with the principles
of this disclosure. For example, flow rate data from a
flowmeter 72 which measures an output of the backpres-
sure pump 70 may be input to the interface 94 for use in
the hydraulics model 92.

[0034] A suitable hydraulics model for use as the hy-
draulics model 92 in the control system 90 is REAL TIME
HYDRAULICS (TM) provided by Halliburton Energy
Services, Inc. of Houston, Texas USA. Another suitable
hydraulics model is provided under the trade name IRIS
(TM), and yet another is available from SINTEF of Trond-
heim, Norway. Any suitable hydraulics model may be
used in the control system 90 in keeping with the princi-
ples of this disclosure.

[0035] A suitable data acquisition and control interface
for use as the data acquisition and control interface 94
in the control system 90 are SENTRY (TM) and INSITE
(TM) provided by Halliburton Energy Services, Inc. Any
suitable data acquisition and control interface may be
used in the control system 90 in keeping with the princi-
ples of this disclosure.
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[0036] The controller 96 operates to maintain a desired
setpoint annulus pressure by controlling operation of the
fluid return choke 34 and/or the backpressure pump 70.
When an updated desired annulus pressure is transmit-
ted from the data acquisition and control interface 94 to
the controller 96, the controller uses the desired annulus
pressure as a setpoint and controls operation of the
choke 34 in amanner (e.g., increasing or decreasing flow
through the choke as needed) to maintain the setpoint
pressure in the annulus 20.

[0037] Thisis accomplished by comparing the setpoint
pressure to a measured annulus pressure (such as the
pressure sensed by any of the sensors 36, 38, 40), and
increasing flow through the choke 34 if the measured
pressure is greater than the setpoint pressure, and de-
creasing flow through the choke ifthe measured pressure
is less than the setpoint pressure. Of course, if the set-
point and measured pressures are the same, then no
adjustment of the choke 34 is required. This process is
preferably automated, so that no human intervention is
required, although human intervention may be used if
desired.

[0038] The controller 96 may also be used to control
operation of the backpressure pump 70. The controller
96 can, thus, be used to automate the process of sup-
plying fluid flow to the return line 30 when needed. Again,
no human intervention may be required for this process.
[0039] Referring additionally now to FIG. 3, a some-
what enlarged scale view of a portion of the well system
10is representatively illustrated apart from the remainder
of the system depicted in FIG. 1. In the FIG. 3 illustration,
both cased 12a and uncased 12b portions of the wellbore
12 are visible.

[0040] Inthe example of FIG. 3, it is desired to trip the
tubular string 16 out of the wellbore 12, for example, to
change the bit 14, install additional casing, install a com-
pletion assembly, perform a logging operation, etc. How-
ever, it is also desired to prevent excessively increased
pressure from being applied to the uncased portion 12b
of the wellbore exposed to the formation 64 (which could
result in skin damage to the formation, fracturing of the
formation, etc.), to prevent excessively reduced pressure
from being exposed to the uncased portion of the well-
bore (which could result in an undesired influx of fluid
into the wellbore, instability of the wellbore, etc.), to pre-
vent any gas in the fluid 18 from migrating upwardly
through the wellbore, and to prevent other fluids (such
as higher density fluids) from contacting the exposed for-
mation.

[0041] In one unique feature of the example depicted
in FIG. 3, the tubular string 16 is partially withdrawn from
thewellbore 12 (e.g., raisedin the vertical wellbore shown
in FIG. 3) and a barrier substance 74 is placed in the
wellbore. The barrier substance 74 may be flowed into
the wellbore 12 by circulating it through the tubular string
16 and into the annulus 20, or the barrier substance could
be placed in the wellbore by other means (such as, via
another tubular string installed in the wellbore, by circu-
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lating the barrier substance downward through the an-
nulus, etc.).

[0042] As illustrated in FIG. 3, the barrier substance
74 is placed in the wellbore 12 so that it traverses the
junction between the cased portion 12a and uncased por-
tion 12b of the wellbore (i.e., at a casing shoe 76). How-
ever, in other examples, the barrier substance 74 could
be placed entirely in the cased portion 12a or entirely in
the uncased portion 12b of the wellbore 12.

[0043] The barrier substance 74 is preferably of a type
which can isolate the fluid 18 exposed to the formation
64 from other fluids in the wellbore 12. However, the bar-
rier substance 74 also preferably transmits pressure, so
that control over pressure in the fluid 18 exposed to the
formation 64 can be accomplished using the control sys-
tem 90.

[0044] To isolate the fluid 18 exposed to the formation
64 from other fluids in the wellbore 12, the barrier sub-
stance 74 is preferably a highly viscous fluid, a highly
thixotropic gel or a high strength gel which sets in the
wellbore. However, the barrier substance 74 could be (or
comprise) other types of materials in keeping with the
principles of this disclosure.

[0045] One suitable highly thixotropic gel for use as
the barrier substance 74 is N-SOLATE (TM) provided by
Halliburton Energy Services, Inc. A suitable preparation
is as follows:

N-SOLATE(TM)Base A base fluid (glycerol) - 1.9971
kg/m3 (0.70 Ib/bbl)

Water (freshwater) - 0.8559 kg/m3 (0.30 Ib/bbl)
N-SOLATE (TM)600 Vis viscosifier - 28.53 kg/m3
(10.0 Ib/bbl)

[0046] One suitable high strength gel for use as the
barrier substance 74 may be prepared as follows:

N-SOLATE (TM) Base A base fluid (glycerol) -
2.08269 kg/m3 (0.73 Ib/bbl)

N-SOLATE (TM)275 Vis viscosifier - 0.42795 kg/m3
(0.15 Ib/bbl)

N-SOLATE (TM)275 x-link cross linker - 0.11412
kg/m3 (0.04 Ib/bbl)

Water (freshwater) - 0.22824 kg/m3 (0.08 Ib/bbl)

[0047] Of course, a wide variety of different formula-
tions may be used for the barrier substance 74. The
above are only two such formulations, and it should be
clearly understood that the principles of this disclosure
are not limited at all to these formulations.

[0048] Referring additionally now to FIG. 4, the system
10 is representatively illustrated after the barrier sub-
stance 74 has been placed in the wellbore 12 and the
tubular string 16 has been further partially withdrawn from
the wellbore. Another fluid 78 is then flowed into the well-
bore 12 on an opposite side of the barrier substance 74
from the fluid 18.

[0049] The fluid 78 preferably has a density greater
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than a density of the fluid 18. By flowing the fluid 78 into
the wellbore 12 above the barrier substance 74 and the
fluid 18, a desired pressure can be maintained in the fluid
18 exposed to the formation 64, as the tubular string 16
is tripped out of and back into the wellbore, as a comple-
tion assembly is installed, as a logging operation is per-
formed, as casing is installed, etc.

[0050] The density of the fluid 78 is selected so that,
after it is flowed into the wellbore 12 (e.g., filling the well-
bore from the barrier substance 74 to the surface), an
appropriate hydrostatic pressure will be thereby applied
to the fluid 18 exposed to the formation 64. Preferably,
at any selected location along the uncased portion 12b
of the wellbore 12, the pressure in the fluid 18 will be
equal to, or only marginally greater than (e.g., no more
than approximately 689475 N/mZ2 (100 psi) greater than),
pore pressure in the formation 64. However, other pres-
sures in the fluid 18 may be used in other examples.
[0051] While the barrier substance 74 is being placed
in the wellbore 12, and while the fluid 78 is being flowed
into the wellbore, the control system 90 preferably main-
tains the pressure in the fluid 18 exposed to the formation
64 substantially constant (e.g., varying no more than a
few psi). The control system 90 can achieve this result
by automatically adjusting the choke 34 as fluid exits the
annulus 20 at the surface, as described above, so that
an appropriate backpressure is applied to the annulus at
the surface to maintain a desired pressure in the fluid 18
exposed to the formation 64.

[0052] Note that, since different density substances
(e.g., barrier substance 74 and fluid 78) are being intro-
duced into the wellbore 12, the annulus pressure setpoint
will vary as the substances are introduced into the well-
bore. Preferably, the density of the fluid 78 is selected
so that, upon completion of the step of flowing the fluid
78 into the wellbore 12, no pressure will need to be ap-
plied to the annulus 20 at the surface in order to maintain
the desired pressure in the fluid 18 exposed to the for-
mation 64.

[0053] In this manner, a snubbing unit will not be nec-
essary for subsequent well operations (such as, running
casing, installing a completion assembly, wireline or
coiled tubing logging, etc.). However, a snubbing unit
may be used, if desired.

[0054] Preferably, the barrier fluid 74 will prevent mix-
ing of the fluids 18, 78, will isolate the fluids from each
other, will prevent migration of gas 80 upward through
the wellbore 12, and will transmit pressure between the
fluids. Consequently, excessively increased pressure in
the uncased portion 12b of the wellbore exposed to the
formation 64 (which could otherwise result from opening
a downhole deployment valve, etc.) can be prevented,
excessively reduced pressure can be prevented from be-
ing exposed to the uncased portion of the wellbore, gas
in the fluid 18 can be prevented from migrating upwardly
through the wellbore to the surface, and fluids (such as
higher density fluids) other than the fluid 18 can be pre-
vented from contacting the exposed formation.
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[0055] Referring additionally now to FIG. 5, a flowchart
for one example of a method 100 of controlling pressure
in the wellbore 12 is representatively illustrated. The
method 100 may be used in conjunction with the well
system 10 described above, or the method may be used
with other well systems.

[0056] In an initial step 102 of the method 100, a first
fluid (such as the fluid 18) is present in the wellbore 12.
As in the system 10, the fluid 18 could be a drilling fluid
which is specially formulated to exert a desired hydro-
static pressure, prevent fluid loss to the formation 64,
lubricate the bit 14, enhance wellbore stability, etc. In
other examples, the fluid 18 could be a completion fluid
or another type of fluids.

[0057] The fluid 18 may be circulated through the well-
bore 12 during drilling or other operations. Various means
(e.g., tubular string 16, a coiled tubing string, etc.) may
be used to introduce the fluid 18 into the wellbore, in
keeping with the principles of this disclosure.

[0058] In a subsequent step 104 of the method 100,
pressure in the fluid 18 exposed to the formation 64 is
adjusted, if desired. For example, if prior to beginning the
procedure depicted in FIG. 5, an underbalanced drilling
operation was being performed, then it may be desirable
to increase the pressure in the fluid 18 exposed to the
formation 64, so that the pressure in the fluid is equal to,
or marginally greater than, pore pressure in the forma-
tion.

[0059] In this manner, an influx of fluid from the forma-
tion 64 into the wellbore 12 can be avoided during the
remainder of the method 100. Of course, if the pressure
in the fluid 18 exposed to the formation 64 is already at
a desired level, then this step 104 is not necessary.
[0060] Instep 106 of the method 100, the tubular string
16is partially withdrawn from the wellbore 12. This places
a lower end of the tubular string 16 at a desired lower
extent of the barrier substance 74, as depicted in FIG. 3.
[0061] If the lower end of the tubular string 16 (or an-
other tubular string used to place the barrier substance
74) was not previously below the desired lower extent of
the barrier substance, then "partially withdrawing" the tu-
bular string can be taken to mean, "placing the lower end
ofthe tubular string at a desired lower extent of the barrier
substance 74." For example, a coiled tubing string could
be installed in the wellbore 12 for the purpose of placing
the barrier substance 74 above the fluid 18 exposed to
the formation 64, in which case the coiled tubing string
could be considered "partially withdrawn" from the well-
bore, inthatits lower end would be positioned ata desired
lower extent of the barrier substance.

[0062] In step 108 of the method 100, the barrier sub-
stance 74 is placed in the wellbore 12. As described
above, the barrier substance could be flowed through the
tubular string 16, flowed through the annulus 20 or placed
in the wellbore by any other means.

[0063] Instep 110 of the method 100, the tubular string
16 is again partially withdrawn from the wellbore 12. This
time, the lower end of the tubular string 16 is positioned
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at a desired lower extent of the fluid 78. In this step 110,
"partially withdrawing" can be taken to mean, "positioning
alower end of the tubular string at a desired lower extent
of the fluid 78."

[0064] Instep 112 of the method 100, the second fluid
78 is flowed into the wellbore 12. As described above,
the fluid 78 has a selected density, so that a desired pres-
sure is applied to the fluid 18 by the column of the fluid
78 thereabove. Itis envisioned that, in most circumstanc-
es of underbalanced and managed pressure drilling, the
density of the fluid 78 will be greater than the density of
the fluid 18 (so that the pressure in the fluid 18 is equal
to or marginally greater than the pressure in the formation
64), butin other examples the density of the fluid 78 could
be equal to, or less than, the density of the fluid 18.
[0065] In step 114 of the method 100, a well operation
is performed at the conclusion of the procedure depicted
in FIG. 5. The well operation could be any type, number
and/or combination of well operation(s) including, but not
limited to, drilling operation(s), completion operation(s),
logging operation(s), installation of casing, etc. Prefera-
bly, due to the unique features of the system and method
described herein, such operation(s) can be performed
without use of a downhole deployment valve or a surface
snubbing unit, butthose types of equipment may be used,
if desired, in keeping with the principles of this disclosure.
[0066] Throughout the method 100, and as indicated
by steps 116 and 118 in FIG. 5, the hydraulics model 92
produces a desired surface annulus pressure setpoint
as needed to maintain a desired pressure in the fluid 18
exposed to the formation 64, and the controller 96 auto-
matically adjusts the choke 34 as needed to achieve the
surface annulus pressure setpoint. The surface annulus
pressure setpoint can change during the method 100.
[0067] Forexample,ifthe fluid 78 has a greater density
than the fluid 18 in step 112, then the surface annulus
pressure setpoint may decrease as the fluid 78 is flowed
into the wellbore 12. As another example, in step 104,
the surface annulus pressure setpoint may be increased
if the wellbore 12 was previously being drilled underbal-
anced, and it is now desired to increase the pressure in
the fluid 18 exposed to the formation 64, so thatit is equal
to or marginally greater than pressure in the formation.
[0068] Note that, althoughinthe above description only
the fluids 18, 78 are indicated as being segregated by
the barrier substance 74, in other examples more than
one fluid could be exposed to the formation 64 below the
barrier substance and/or more than one fluid may be po-
sitioned between the barrier substance and the surface.
In addition, more than one barrier substance 74 and/or
barrier substance location could be used in the wellbore
12 to thereby segregate any number of fluids.

[0069] It may now be fully appreciated that the above
description of the various examples of the well system
10 and method 100 provides several advancements to
the art of wellbore pressure control. Pressure applied to
a formation by fluid in a wellbore intersecting the forma-
tion can be precisely controlled and the fluid exposed to
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the formation during various well operations can be op-
timized, thereby preventing damage to the formation,
loss of fluids to the formation, undesired influx of fluids
from the formation, etc.

[0070] The above disclosure describes a method 100
of controlling pressure in a wellbore 12. The method 100
caninclude placing a barrier substance 74 in the wellbore
12 while a first fluid 18 is present in the wellbore, and
flowing a second fluid 78 into the wellbore 12 while the
first fluid 18 and the barrier substance 74 are in the well-
bore. The firstand second fluids 18, 78 may have different
densities.

[0071] The barrier substance 74 may isolate the first
fluid 18 from the second fluid 78, may prevent upward
migration of gas 80 in the wellbore and/or may prevent
migration of gas 80 from the first fluid 18 to the second
fluid 78.

[0072] The barrier substance 74 may comprises a thix-
otropic gel and/or a gel which sets in the wellbore 12.
The barrier substance 74 may have a viscosity greater
than viscosities of the first and second fluids 18, 78.
[0073] Placing the barrier substance 74 in the wellbore
12 can include automatically controlling a fluid return
choke 34, whereby pressure in the first fluid 18 is main-
tained substantially constant. Similarly, flowing the sec-
ondfluid 78 into the wellbore 12 can include automatically
controlling the fluid return choke 34, whereby pressure
in the first fluid 18 is maintained substantially constant.
[0074] Thesecond fluid 78 density may be greater than
the first fluid 18 density. Pressure in the first fluid 18 may
remain substantially constant while the greater density
second fluid 78 is flowed into the wellbore 12.

[0075] Also described by the above disclosure is a
method 100 of controlling pressure in a wellbore 12, with
the method including: circulating a first fluid 18 through
a tubular string 16 and an annulus 20 formed between
the tubular string 16 and the wellbore 12; then partially
withdrawing the tubular string 16 from the wellbore 12;
then placing a barrier substance 74 in the wellbore 12;
then further partially withdrawing the tubular string 16
from the wellbore 12; and then flowing a second fluid 78
into the wellbore 12.

[0076] Pressure in the first fluid 18 may be maintained
substantially constant during placing the barrier sub-
stance 74 in the wellbore 12 and/or during flowing the
second fluid 78 into the wellbore.

[0077] The method 100 can include, prior to placing
the barrier substance 74 in the wellbore 12, adjusting a
pressure in the first fluid 18 exposed to a formation 64
intersected by the wellbore 12, whereby the pressure in
the first fluid 18 at a selected location is approximately
the same as, or marginally greater than, a pore pressure
of the formation 64 at the selected location.

[0078] The above disclosure also provides to the art a
well system 10. The well system 10 can include first and
second fluids 18, 78 in a wellbore 12, the first and second
fluids having different densities, and a barrier substance
74 separating the first and second fluids.
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[0079] Itis to be understood that the various embodi-
ments of the present disclosure described herein may be
utilized in various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present dis-
closure. The embodiments are described merely as ex-
amples of useful applications of the principles of the dis-
closure, whichis not limited to any specific details of these
embodiments.

[0080] In the above description of the representative
embodiments of the disclosure, directional terms, such
as "above," "below," "upper," "lower," etc., are used for
convenience in referring to the accompanying drawings.
In general, "above," "upper," "upward" and similar terms
refer to a direction toward the earth’s surface along a
wellbore, and "below," "lower," "downward" and similar
terms refer to a direction away from the earth’s surface
along the wellbore.

[0081] Ofcourse,apersonskilledintheartwould, upon
a careful consideration of the above description of rep-
resentative embodiments of the disclosure, readily ap-
preciate that many modifications, additions, substitu-
tions, deletions, and other changes may be made to the
specific embodiments, and such changes are contem-
plated by the principles of the present disclosure.

Claims

1. A method of controlling pressure in a wellbore (12),
the method comprising:

placing a barrier substance (74) in the wellbore
(12) while a first fluid (18) is present in the well-
bore; and

flowing a second fluid (78) into the wellbore (12)
while thefirst fluid (18) and the barrier substance
(74) are in the wellbore (12), characterized in
that the second fluid (78) fills the wellbore from
the barrier substance (74) to the surface, where-
in the barrier substance (74) isolates the first
fluid (18) from the second fluid (78) after the bar-
rier substance (74) sets in the wellbore (12), and
wherein the barrier substance transmits pres-
sure between the first and second fluids after
the barrier substance (74) sets in the wellbore
(12), and wherein the first and second fluids
have different densities.

2. A method according to claim 1, wherein the barrier
substance (74) prevents upward migration of gas in
the wellbore (12).

3. A method according to claim 1, wherein the barrier
substance (74) prevents migration of gas from the

first fluid (18) to the second fluid (78).

4. A method according to claim 1, wherein the barrier
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substance (74) comprises:

(a) a thixotropic gel; or
(b) a gel which sets in the wellbore (12).

A method according to claim 1, wherein the barrier
substance (74) has a viscosity greater than viscos-
ities of the first and second fluids.

A method according to claim 1, wherein the second
fluid density is greater than the first fluid density, pref-
erably wherein pressure in the first fluid (18) remains
substantially constant while the greater density sec-
ond fluid (78) is flowed into the wellbore (12).

A well system, comprising:

first and second fluids in a wellbore (12), and a
barrier substance (74) separating the first and
second fluids, characterised in that the second
fluid (78) fills the wellbore from the barrier sub-
stance (74) to the surface, wherein the barrier
substance (74) isolates the first fluid (18) from
the second fluid (78) after the barrier substance
(74) sets in the wellbore (12), and wherein the
barrier substance transmits pressure between
the first and second fluids after the barrier sub-
stance (74) sets in the wellbore (12), and where-
in the first and second fluids have different den-
sities.

A well system according to claim 7, wherein the bar-
rier substance (74) prevents upward migration of gas
in the wellbore (12).

A well system according to claim 7, wherein the bar-
rier substance (74) prevents migration of gas from
the first fluid (18) to the second fluid (78).

A well system according to claim 7, wherein the bar-
rier substance (74) comprises:

(a) a thixotropic gel; or
(b) a gel which sets in the wellbore (12).

A well system according to claim 7, wherein the bar-
rier substance (74) has a viscosity greater than vis-
cosities of the first and second fluids.

Patentanspriiche

1.

Verfahren zur Regelung des Drucks in einem Bohr-
loch (12), wobei das Verfahren umfasst:

Platzieren einer Barrieresubstanz (74) in dem
Bohrloch (12), wahrend ein erstes Fluid (18) in
dem Bohrloch vorhanden ist; und
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FlieRenlassen eines zweiten Fluids (78) in das
Bohrloch (12), wahrend sich das erste Fluid (18)
und die Barrieresubstanz (74) in dem Bohrloch
(12) befinden, dadurch gekennzeichnet, dass
das zweite Fluid (78) das Bohrloch von der Bar-
rieresubstanz (74) bis zur Oberflache fiillt, wobei
die Barrieresubstanz (74) das erste Fluid (18)
von dem zweiten Fluid (78) isoliert, nachdem die
Barrieresubstanz (74) in dem Bohrloch (12) fest
geworden ist, und wobei die Barrieresubstanz
Druck zwischen dem ersten und zweiten Fluid
Ubertragt, nachdem die Barrieresubstanz (74)
in dem Bohrloch (12) fest geworden ist, und wo-
bei das erste und zweite Fluid unterschiedliche
Dichten aufweisen.

Verfahren nach Anspruch 1, wobei die Barrieresub-
stanz (74) Aufwartsmigration von Gas in dem Bohr-
loch (12) verhindert.

Verfahren nach Anspruch 1, wobei die Barrieresub-
stanz (74) Migration von Gas aus dem ersten Fluid
(18) zu dem zweiten Fluid (78) verhindert.

Verfahren nach Anspruch 1, wobei die Barrieresub-
stanz (74) umfasst:

(a) ein thixotropes Gel; oder
(b) ein Gel, das in dem Bohrloch (12) fest wird.

Verfahren nach Anspruch 1, wobei die Barrieresub-
stanz (74) eine Viskositat aufweist, die grofRer als
die Viskositdten des ersten und des zweiten Fluids
ist.

Verfahren nach Anspruch 1, wobei die Dichte des
zweiten Fluids gréRer als die Dichte des ersten Flu-
ids ist, wobei der Druck in dem ersten Fluid (18) vor-
zugsweise im Wesentlichen konstant bleibt, wah-
rend das zweite Fluid (78) mit gréRerer Dichte in das
Bohrloch (12) flieRen gelassen wird.

Bohrungssystem, umfassend:

ein erstes und ein zweites Fluid in einem Bohr-
loch (12) und eine Barrieresubstanz (74), die
das erste und zweite Fluid trennt, dadurch ge-
kennzeichnet, dass das zweite Fluid (78) das
Bohrloch von der Barrieresubstanz (74) bis zur
Oberflache flllt, wobei die Barrieresubstanz
(74) das erste Fluid (18) von dem zweiten Fluid
(78) isoliert, nachdem die Barrieresubstanz (74)
in dem Bohrloch (12) fest geworden ist, und wo-
bei die Barrieresubstanz Druck zwischen dem
erstenund zweiten Fluid Ubertragt, nachdem die
Barrieresubstanz (74) in dem Bohrloch (12) fest
geworden ist, und wobei das erste und zweite
Fluid unterschiedliche Dichten aufweisen.
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Bohrlochsystem nach Anspruch 7, wobei die Barri-
eresubstanz (74) Aufwartsmigration von Gas in dem
Bohrloch (12) verhindert.

Bohrlochsystem nach Anspruch 7, wobei die Barri-
eresubstanz (74) Migration von Gas aus dem ersten
Fluid (18) zu dem zweiten Fluid (78) verhindert.

Bohrlochsystem nach Anspruch 7, wobei die Barri-
eresubstanz (74) umfasst:

(a) ein thixotropes Gel; oder
(b) ein Gel, das in dem Bohrloch (12) fest wird.

Bohrlochsystem nach Anspruch 7, wobei die Barri-
eresubstanz (74) eine Viskositat aufweist, die grofRer
als die Viskositat des ersten und des zweiten Fluids
ist.

Revendications

1.

Procédé de régulation de pression dans un puits de
forage (12), le procédé comprenant :

le placementd’'une substance barriére (74) dans
le puits de forage (12) pendant qu’un premier
fluide (18) est présentdans le puits de forage ; et
I'écoulement d’'un deuxieme fluide (78) dans le
puits de forage (12) pendant que le premier flui-
de (18) et la substance barriére (74) sont dans
le puits de forage (12), caractérisé en ce que
le deuxieme fluide (78) remplit le puits de forage
de la substance barriére (74) a la surface, la
substance barriére (74) isolant le premier fluide
(18) du deuxieme fluide (78) une fois que la
substance barriére (74) durcit dans le puits de
forage (12), et ou la substance de la barriere
transmet |la pression entre les premier et deuxié-
me fluide aprés que la substance barriére (74)
a durci dans le puits de forage (12), et ou les
premier et deuxiéme fluides ont des densités
différentes.

Procédé selon la revendication 1, dans lequel la
substance barriere (74) empéche la migration de gaz
vers le haut dans le puits de forage (12).

Procédé selon la revendication 1, dans lequel la
substance barriere (74) empéche la migration de gaz
du premier fluide (18) au deuxieme fluide (78).

Procédé selon la revendication 1, dans lequel la
substance barriére (74) comprend :

(a) un gel thixotrope ; ou
(b) un gel qui durcit dans le puits de forage (12).
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5.

8.

10.

1.

Procédé selon la revendication 1, dans lequel la
substance barriere (74) a une viscosité supérieure
aux viscosités des premier et deuxiéme fluides.

Procédé selon larevendication 1, dans lequel la den-
sité de deuxiéme fluide est supérieure a la densité
de premier fluide, ou de préférence la pression dans
le premier fluide (18) reste sensiblement constante
tandis le deuxieme fluide de plus grande densité (78)
s’écoule dans le puits de forage (12).

Systeme de puits, comprenant :

de premier et deuxiéme fluides dans un puits de
forage (12), et une substance barriere (74) sé-
parant les premier et deuxiéme fluides, carac-
térisé en ce que le deuxieme fluide (78) remplit
le puits de forage de la substance barriére (74)
a la surface, la substance barriere (74) isolant
le premier fluide (18) du deuxiéme fluide (78)
apres que la substance barriere (74) durcit dans
le puits de forage (12), et ou la substance bar-
riere transmet une pression entre les premier et
deuxiéme fluides aprés que la substance bar-
riere (74) durcit dans le puits de forage (12), et
ou les premier et deuxiéme fluides ont différen-
tes densités.

Systeme de puits selon la revendication 7, dans le-
quella substance barriére (74) empéche la migration
vers le haut de gaz dans le puits de forage (12).

Systeme de puits selon la revendication 7, dans le-
quella substance barriére (74) empéche la migration
de gazdupremier fluide (18) au deuxieme fluide (78).

Systeme de puits selon la revendication 7, dans le-
quel la substance barriere (74) comprend :

(a) un gel thixotrope ; ou
(b) un gel qui durcit dans le puits de forage (12).

Systeme de puits selon la revendication 7, dans le-
quel la substance barriere (74) a une viscosité su-
périeure aux viscosités des premier et deuxiéme flui-
des.



10

EP 2 564 016 B1

\\18

62

10

S
L




EP 2 564 016 B1

¢l

INOHD dnnd
| NNz 34NSSINNIVE
e S //E
pu YITIOYINOD
96
8%
34NSS3¥d ~N MO1d
_—| 3OHI-1S0d /3YNLVYIdNIL
9y MO /34NSS3Nd
INOHO-1S0d amn/amd
34NSSINd \
SNINNNY 09
1 QVIHTIIM
8c'9g
MO'ld JOVAYIINI T0MINOD
o] NNy [ L —— % NowsInbov viva
,_{.vm
96°0¥~_| 3YNLVYIdNIL
/34NSS3¥d 1300 JINNVYGAH
NYNL3Y Na\.

Mo
dihnd

29

MO1l4
3dIdaNV.LS

RN

99

JYNIVYIINIL
/34NSS3¥d
IdIdaNVLS

A
¥S'bp

1"



EP 2 564 016 B1

/
64

QO
] ]
: /' /A//\‘ N
| 'I I’ | | <
N | | g
| A |
R7R7L/E
o]
[~ .
o
o o]
N e S X 38
I / AZ/\\/ \A (
____________________ V4 N
I | | | I | | | h‘
ol =
N
BRI RE T A AT A SR Ay . SN\
'<// /"\ TR = ) : )
O ©
®© N © Ny A -

12



EP 2 564 016 B1

Gl

NOILY43d0
TIIM WY0443d

8l

9il

TOYINOD
JX0HO NiN13Y aind

dndino
ANIOdL3S 13QON JINNYYGAH

vil
- JYO8TIIM OLNI aIN14 ANOI3S MOT4
4y}
_ "ONIMLS ¥YINENL MYNAHLIM ATIVILNVd
0Ll
] JHOLTIIM NI JONVLSENS 43I¥yvYE 3oV1d
80!
INIMLS &VINGNL MYYQHLIM ATIVILYV
90!
- aind 1S¥ld NI 38NSS3¥d 1Snravy
0l
: | JYO8TIIM NI
\\ IN3S3dd aiN1d 1Syl
00! 0!

13



EP 2 564 016 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 2006272860 A1[0005] .« US 638012 A [0025]
.« US 87686 W [0025]

14



	bibliography
	description
	claims
	drawings
	cited references

