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FLOW RESPONSIVENESS ENHANCER FOR
A BLOWOUT PREVENTER

BACKGROUND

[0001] The present disclosure relates generally to techniques for performing wellsite
operations.  More specifically, the present disclosure relates to techmiques and
apparatus for preventing blowouds, particularly in cold environments.

[0002] (nifield operations may be performed o locate and gather valuable subsurface
fluids. il nigs are positioned at wellsites, and downhole tools, such as drilling tools,
can be deploved into the ground (via, for example, wireline or coiled tubing} to reach
subsurface reservoirs. Once the downhole tools form a wellbore to reach a desired
reservolr, casings roay be cemented 1nto place withun the wellbore, and the wellbore
completed to mitiate production of subsurface fluids from the reservoir. Downhole
tubular devices may be positioned in the welibore to enable the passage of subsurface
fluids to the surface.

[0003] ELeakage of subsurface fluids may pose an environmental threat if released
from the wellbore.  Egqupment, such as blowout preventers (BOPs) may be
posttioned about the wellbore o form a seal and to prevent leakage of subsurface
fuids to the surface. BOPs may have selectively actuatable rams or ram bonnets,
such as pipe rams or shear rams that mav be activated to seal abowt the downhole
tools or tubular devices and/or to sever these downhole tools or tubular devices,
thereby insuring complete sealing of the wellbore,

[0004] BOPs must operate i a tiroely manner over a wide range of arobient
temperatures to function as a safety device at full performance, including at sub-
freezing temperatures {(.e., below water freering temperatures) in land based
wellsites. In particular, the fhad for hvdrauhically actuating the rams of a BOP may
become mcreasingly more viscous at lower temperatures; this increased viscosity may
cause a reduction of rate of flow to, and from, the rams of the BOP; and the BOP may
become slow and dangerously less responsive,

[0005] Solutions to BOP operation i cold temperatures have, to daie, been
cumbersome low technology, in the form of heaters, insulators, circulating warning
fluid, portable mountable BOP systems, using specialized fhuds, or heating the

hydraulic fmd stself, each of which s expensive and/or impractical for real
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application. Thus, there is a continuing need in the art for methods and apparatus for
improved time responsiveness of blowout preventers, for example when temaperature

conditions make the fluid used fo actuate the blowout preventers verv viscous.
DESCRIPTION

[0006] In one or more aspects, the present disclosure describes a flow responsiveness
enhancer for improved time responsiveness of a blowout preventer. The blowout
preventer may comprise a plurality of rams. To selectively open or close the rams,
each ram may be associated with a corresponding manifold of a plurality of
manifolds. The plurality of manifolds may optionally be assembled to form a stack of
manifolds. The flow responsiveness enhancer can include at least one manifold, a
shared pressure line coupled to the manifold, and a shared tank line coupled to the
manifold. Further, each of the plurality of manifold may include a pressure line
section coupled to pressure line sections of adjacent manifolds, and a tank line section
coupled to tank line sections of adjacent manifolds. When the manifolds are
assembled in the stack of manifolds, the pressure line sections form the shared
pressure line running through the stack of manifolds, and the tank line sections form
the shared tank line running though the stack of manifolds. As used herein, a
manifold means any portion of a mamn condwit with one or more other conduits
branching off the portion of main condwut.

[0007] The manifolds can mclude a pair of inputs that couple to a conirol cabin, one
of the inputs being selectad to be a pressure line and the other of the inpuis being a
return line.  In other words, each of the plurality of manifolds forming the stack of
manifolds may include a pair of input ports that couple the manifold to the control
cabin via a pawr of relatively small and long Howhnes. One of the pair of small and
iong flowlines may be referred to as a conirol-open flowling and the other as a
control-close flowline. To open the one ram associated with a particular manifold, the
control-open flowline coupled fo that manifold may be used as a hine supplyving flow
to the manifold and the control-close flowline coupled that particular manifold may be
used as a line returning flow from the manifold. Conversely, {o close the one ram, the
conirol-close flowling mav be used as a flow supply line and the comtrol-open
flowline may be used as a flow returmn line. The manifolds can further include a pawr

of outputs that couple to the blowout preventer on the one hand, and to the shared
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tank bne and the shared pressure line on the other hand.  In other words, each of the
plurality of manifolds may include a pair of output ports that couple the manifold to
its associated rarn via a pair of relatively large and short flowlines. Onve of the pawr of
iarge and short flowlines may be referred to as an actuate-open flowline and may be
connected to a first output port of the pair of output ports. The other of the pair of
farge and short Howlhines may be referred to as an actuate-close flowline and way be
connected to a second output port of the pair of output ports. When flow is supplied
from a particular manifold to the ram associated fo that manifold via the actuate-open
flowline and flow s returned to that manifold via the actuate-close flowling, the ram
may open. Conversely, when flow is supphied from that manifold to the ram via the
actuate-~close flowlhine and flow is retumed via the actuate-open flowlive, the ram may
close.

{0008] Every pair of small and long Howhnes associated to a particular ram may have
a high resistance to fluid flow, especially at cold temperatures when the fluid viscosity
is high. Nevertheless, time responsiveness to open or close that particular ram of the
blowout preventer may be improved by using the flow responsiveness enhancer, that
13, it may iake a shorter time to open or close that ram, because the flow
responsiveness enhancer can collect into the shared pressure hine hydraulic fluid from
several relatively small and long flowlines associated with other rams that remain
immobile, and rowte this flud mostly toward the particular ram that needs to be
actuated. Conversely, the fhad returning from the particular ram that needs to be
actuated may be distributed from the shared tank hine into several relatively small and
ong flowlines associated with other rams. Thus, the flow path between the control
cabin and the flow responsiveness enhancer may be spread over several relatively
small and long flowlines, may converge in the low responsiveness enhancer, and be
directed with valves provided in the manifolds toward the particular ram that needs to
be actuated, and then reach that ram via a pair of relatively large and short flowlines.
[0009] To achieve this, the mamifolds can include a first valve system that determines
which of the pair of inputs has a higher pressure compared {0 one another. The
manifolds can also inchide a second valve sysiem that couples the input having a
higher pressure to a first oulput of the pair of oulpuis and a second output of the pair
of outputs to the shared tank line. A third valve system can couple the input having a

lower pressure fo the shared tank line. In other words, each of the plurality of
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manifolds may include a first valve system that conirois flow between the pair of
mput ports on the one hand, and the pressure line section or possibly other manifolds
along the shared pressure hine on the other hand.  Each of the plurality of manifolds
may inchide a second valve system that conirols flow between the pressure and tank
iine sections on the one hand, and the pair of output ports on the other hand. Each of
the plurality of manifolds may include a third valve system that controls flow between
the tank line section (and the shared pressure ling) on the one hand, and the pair of
mput ports on the other hand. For example, the first valve system may allow fluid
flow only from the one input port that has the highest pressure in the pair of input
ports into the pressure hine section. The second valve sysiem may switch between at
least first and second configurations. In the first configuration, the pressure line
section {and the shared pressure line} may be in fluid commumication with the first
port of the pair of ouiput ports, and the tank line section (and the shared tank ling)
may be in fhad commumication with the second port of the pair of oulput ports.
{Conversely, in the second configuration, the pressure line section {and the shared
pressure line} may be in fluid communication with the second output port, and the
fank line section {and the shared tank line} may be in fhuid communication with the
first output port. The third valve system may allow flud flow onlv from the tank line
section, o an wnput port in the pair of input ports that has a pressure lower than the
prassure in the tank hine section.

[0010] ¥ an embodiment, one or more of the manifolds includes one or more check
valves that maintain flow in a single direction from flow responsiveness enhancer to
blowout preventer, or that limit the flow from the shared pressure line to be foward
the first or second output port of the pair of ouiput ports. For example, at least one of
the plurality of manifolds may include a check valve disposed between the pressure
line section of that one manifold and the first or second ouiput port of the pair of
output ports. The check valve may allow fhud flow only from the pressure line
section to the first or second output port of the pair of cutpui ports, and thus to a ram
of the blowout preventer,

[0011] I an embodiment, the stack of manifolds optionally includes an endcap
coupled to the shared pressure line, and an endcap coupled to shared tank ine.

[0012] E an embodiment, the flow responsiveness enhancer optionally includes an

accumulator coupled at the endcap to the shared pressure hine,
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[0013] I an embodiment, the flow responsiveness enhancer optionally includes an
accumuilator coupled at the endeap to the shared tank line,

[0014] fr an embodiment, the first valve system in at least one of the manifolds may
comprise a shuttie valve.

[0015] i an embodiment, the second valve system in af least one of the mamifolds
may comprise a 4-way directional valve that 13 piloted via the pressure levels in the
pair of input ports of the at least one manifold.

[0016] In further aspects, the present disclosure describes a system for improved time
responsiveness of a blowout preventer. The svstem can include a blowout preventer
with a plurality of rams. The system can also inchude a control valve system located
m a control cabin and configured to trigger opening and closing the plurality of raros
of the blowout preventer. The system can also include a shared pressure line coupling
from a power pack comprising a pump driven by a motor, via the control valve
system, (o a flow responsiveness enhancer. The system can also include a shared tank
fine coupling from the power pack, via the conirol valve system. and to the flow
responsiveness enhancer. In some embodiments however, the shared pressure line
and/or the shared tank line way bypass the control valve system.  The flow
responsiveness enhavcer comprises at least one manifold, and wusually several
manitfolds. The manifolds may optionally be assembled to form a stack of manifoids.
The shared pressure hine and the shared tank line may run through each manifold of
the stack of manifolds.

[0017] Fach mamfold can include a pair of nputs that couple to the conirol valve
system located in the control cabin, one of the inputs being a pressure line and the
other of the inpuis being a return line. In other words, each of the plurality of
manifolds forming the stack of manifolds may include a pair of input poris that couple
the manifold to the control cabin via a pair of relatively sroall and long fowhnes.
One of the patr of small and long flowlines may be referred to as a control-open
flowline and the other as a control-close flowlhine. Each manifold can also include a
pair of cutpuis that couple 1o the blowout preventer on the one hand, and fo the shared
tank return line and the shared pressure hine on the other hand.  In other words, each
of the phlurality of manifolds may include a pair of output ports that couple the

manifold o 15 associated ram via a pair or relatively large and short flowlnes. One
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of the pair of large and short flowlines mayv be referred 1o as an actuate-open flowline
and the other as an actuaie~close flowline.

[0018] The flow path between the control cabin and the flow responsiveness enhancer
may be spread over several relatively small and long flowlines, mav converge in the
flow responsiveness enhancer, and be directed with valves provided in the manifolds
toward the particular ram that needs {0 be actuated, and then reach that ram via a pawr
of relatively large and short flowlines. In addition, the shared pressure line and the
shared tank line may optionally provide a flow path between the power pack and the
flow responsiveness enhancer, either via the control valve system located in the
control cabin or bypassing the control valve systemn located in the control cabin.
Thus, time responsiveness to open or close any particular raro of the blowout
preventer mav be improved by using the flow responsivenass enhancer, that is, it may
take a shorter time o open or close that ram.

[0019] Fach manifold can further include a first valve system that determines which
of the pair of inputs has a higher pressure compared to one anocther, and a second
valve system that couples the input having a higher pressure to a first ouiput of the
pair of outputs and a second output of the pair of ouipuis that couples to the shared
fank line. A third valve sysiem can couple the imput having a lower pressure to the
sharad tank line. In other words, each of the plurality of manifolds may include a first
valve svstem that controls flow between the pair of inpwt ports on the one hand, and
the shared pressure line on the other hand.  Each of the plurality of mamfold may
mclude a second valve system that controls flow between the shared pressure and
shared tank line on the one hand, and the pair of output ports on the other hand. Fach
of the plurality of manifolds may include a third valve system that controls flow
between the shared pressure line on the one hand, and the pair of mput ports on the
other hand. For example, the furst valve system roay alow flud flow ounly from the
one input port that has the highest pressure in the pair of mput ports into the shared
pressure hine. The second valve system may switch between at least {irst and second
configurations. In the first configuration, the shared pressure line may be i flwd
conumumicanon with a first one of the pair of output ports, and the shared tank line
may be in fluid communication with a second one of the pair of oulput poris.
Conversely, in the second configuration, the shared pressure line mav be in fluid

communication with the second oulput port, and the shared tank hine may be in Huid
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communication with the first output port.  The third valve system may allow fluid
flow only from the shared tank line, nto an mput port in the pair of mput ports that
has a pressure tower than the pressure 1n the shared taok hine,

[0020] fn an embodiment, each ram of the blowout preventer is operatively coupled
to outputs of the flow responsiveness enhancer which are in turn coupled to the shared
pressure line and optionally to the power pack. Tn an embodiment, each ram of the
blowout preventer is alternatively or additionally operatively coupled to outputs of the
flow responsiveness enhancer which are in tum coupled fo the shared tank line and
opticnally to the power pack.

[0021] B an embodiment, each manifold includes one or more check valves
contfigured to wmamntain flow i a single direction from the fow responsiveness
erthancer to the blowout preventer, or to linut the flow from the shared pressure line to
be toward the first or second output port of the pair of output ports.

[0022] F an embodiment, when the system includes a plurality of manifolds stacked
together, the system can further include an endcap on a top manifold of the plurality
of manifolds and an endcap on a bottom manifold of the plurality of manifolds.

[0023] Fn an embodiment the system can additionally include an accumulator
coupled at a fivst position at the shared pressure line,

[0024] i an embodiment, the svstem can additionally include an accumulator
coupled at a second position at the shared tank line.

[0025] F an embodiment, the first valve system in each manifold comprises a shutile
valve.

[0026] In an embodiment, the second valve svstem in each manifold comprises a 4-
way directional valve that is piloted via the pressure fevels in the pair of input ports of
the manifold.

[0027] ki an embodiment, the system can include a check valve in the shared pressure
line between one manifold dedicated to one or more shear rams of the blowout
preventer, and the other manifolds of the plorality of manifolds. In an embodiment,
the systemn can additionally or alternatively include a check valve in the shared tank
ine between one manifold dedicated to the one or more shear rams of the blowout
preventer, and the other manifoids of the plurality of manifolds. In such
embodiments, the check valves isolate the one or more shear rams from other rams of

the blowout preventer,
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{0028} In still further aspects, the present disclosure describes a method for cold flow
management of a blowout preventer. The method includes coupling a blowout
preventer having a plurality of rams to a control valve syvstern through a flow
responsiveness enhancer. The control valve system may be located in a condrol cabin,
The flow responsiveness enhancer can include, as described above, a plurality of
manifolds with at least one manifold dedicated 1o each of a plorality of rams of the
blowout preventer. The flow responsiveness enhancer can include a shared pressure
fine coupled to each of the plurality of marmfolds, for example running through each
of the plurality of manifolds. Simularly, the flow responsiveness enhancer ¢an include
a shared tank line coupled to each of the phwahity of wamfolds. Each manifold can
melude a pair of inputs that couple 1o the control valve system. Each manifold can
mclude a pair of outputs that couple to the blowout prevender. As such, each manifold
may include a pair of cutput ports that couple the manitold dedicated to a particular
ram to that ram via a pair or relatively large and short flowhines. One of the pair of
large and short flowlines may be referred to as an actuate-open flowline and the other
as an actuate-close flowline. Each manifold can also include a directional valve that,
m a first configuration, couples the shared pressure line to the acluate-open flowline
via the first output of the pair of cuiputs, and couples the actuate~close flowline o the
shared tank return line via the second output of the pair of outputs. The directional
valve, in a second configuration, couples the shared tank line to the actuate-open
flowline via the first output port and couples the shared pressure line to the actuate-
close fowline via the second output port. The divectional valve mav be a 4-way
directional valve that is piloted via the pressure levels in the pair of mputs. The
method additionally includes actuating one or more rams of the blowout prevenier at
the control cabin using the conirol valve system to change the pressure in the pair of
mputs,

[0029] The method can additionally include positioning an endcap on a top manifold
of the plurality of manifolds and an endcap on a botiom manifold of the plurality of
marnifolds. To an embodiment, the roethod can additionally nclude positioning an
accumulator coupled at the endcap at the shared pressure line. The shared pressure
fine may provide a flow path from the accumulaior located near the flow
responsiveness enbancer to any ram of the blowout preventer via the directional valve

located n the mamfold dedicated fo that ram. Thus, by flowing Hwd from the
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accumulator into that ram, time responsivensss fo open or close any ram of the
blowout preventer may be improved, that is, if may fake a shorter tirne o open or
close that rara. In an embodiment, the method can additionally include positioning an
accumulaior couplad at the endcap at the shared tank line. The shared tank line may
provide a flow path from any ram of the blowout preventer to the accumulator located
near the flow responsiveness enhancer via the directional valve located in the
manifold dedicated to that ram.  Thus, time responsiveness 10 open or close any
particular ram of the blowout preventer mav be improved by flowing fluid from that
ram, through the flow responsiveness enhancer and into the accumulator, that is, it
may take a shorler time to open or close that ram.

10030] In an embodiment, the method can additionally mclude providing check
valves in the shared pressure line and/or shared tank retum line between one manifold
dedicated to ong or more shear rams of the blowould prevenier, and the other manifolds
of the plurality of manifolds, thereby isolating the one or more shear rams from other
rams of the blowout preventer.

[0031] In a still further aspect, the present disclosure relates to a novel apparatus and
method for control of a blowout preventer in a wide range of temperatures.
Specifically, a manifold stack or set of manifolds combine the flow paths of the
plurality of flowlines to a common flowline connected to the BOP. A flow
responsiveness enhancer in the form of a manifold stack or set of manifolds is
mounted very close to the BOP, allowing relatively high flow rate in the flowlines
connected to the BOP. In further embodiments, an accumulator (or set of
accumulators) may also be positioned locally to the BOP and is coupled to the flow
responsiveness enhancer to increase the flow rate between the flow responsiveness
enhancer and the BOP. In still another embodiment, the flowlines that have flow
paths combined to the common flowline comprise control flowlines dedicated for the
control of one of the rams of the BOP, and a separate flowline or a plurality of
separate flowlines not dedicated for the control of one of the rams of the BOP but for
the increase of flow rate to the flow responsiveness enhancer, and then to the common
flowline connected to the BOP. In another embodiment, an output of some of the
plurality of flowlines can be dedicated to shear rams of the BOP, due to the critical

nature of the shear rams.
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[0032] Embodiments of method and apparatus for flow responsiveness enhancer for a
blowout preventer are now described with reference to the following figures. Like
numbers are used throughout the figures to reference like features and components.
[0033] Figure 1 is a schematic view illustrating a biowout preverter control system.
[0034] Figure 1A is a schematic view of a portion of Figure 1 illustrating a control
valve system.

[0035] Figure 1B is a schematic view of a portion of Figure 1 illustrating a flow
responsiveness enhancer.

[0036] Figure 2 is a schematic view illustrating an embodiment of a manifold shown
in Figure 1B.

[0037] Figure 3 is a schematic view illustrating a fiow responsiveness enhancer
comprising a stack of manifolds having check valves added between a manifold
dedicated to a shear ram another manifold. While one mamfold is shown dedicated to
one shear ram wn Figure 3, two or more mamfolds may be dedicated o two or more
shear rams.

[0038] Figurs 4 is a schematic view illustrating an embodiment of a manifold for a
flow responsiveness enhancer, the manifold having one or more check valves
configured to maintain flow in a single direchion from flow responsiveness enhancer
to blowout preventer, or to linut the flow from the shared pressure line to be toward
the first or second output port of the pair of ontput ports.

[0039] Figure S is a schematic view illustrating an embodiment of a manifold for a
flow responstiveness enhancer, the manifold including two 4-way directional valves
that are piloted by the pressure levels in one pair of control flowlines.

[0040] In the following description, numerous details are set forth to provide an
understanding of the present disclosure. However, it will be understood by those
skilled in the art that the present disclosure may be practiced without these details and
that numerous variations or modifications from the described embodiments are
possible.

[0041] Turmng now to Figures 1 and 1A, a blowout preventer conirol system 10 for
use with coiled tubing unit 1s shown, in accordance with embodiments of the present
disclosure.

[0042] The coiled tubing unit may be a known, frequently used apparatus that can be

stationed at a well site 14 during the phase m which a BOP 9 is installed over a

10
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welibore 11, The coiled tubing unit may inchude a reel of coiled tubing used to shuittle
equipment up and down the wellbore 11, and to inject process fhuids as the reel winds
and unwinds the tubing. Operation of a coled tubing urat often mcludes use of a
hydraulic fhud in hydraulically manipulated componends. Examples of hydrautically
manipwated components often found in a coiled tubing unit include a coiled tubing
reel, a cotled tubing injector, and a BOP sysiem {(e.g., the BOP 9) and multiple pumps.
[0043] In a coiled tubing BOP, the number of rams can vary from one ram to eight
rams (only four are illustrated in Figure 1). A hydraulic power pack 3 including a
hydraulic tank 7T, a hydraulic pump 7P coupled to an engine 7M, and hydraulic
power storage accumulators (e.g., in the accumulator systermn 7A}, can supply pressure
and flow to the BOP 9 via a control valve system 6 that has multiple banked
directional control valves and that is located in the control cabin 4. For example, a
common configuration may include an 8 to 10 banked directional control valves (only
four are illustrated in Figure 1), where each control is assigned to a BOP ram 9a, 9b,
9¢ and 9d, and directs an inlet supply 7 and a hydraulic return 8 to each ram
individually in the form of a pair of control flowlines 16a-d and 17a-d, one of which
supplies pressured hydraulic fluid and the other of which returns the hydraulic fluid.
The controls of the control valve system 6 are engaged to open or close each ram in
operation by switching which flowline of the pair is at a high pressure and supplies
the hydraulic fluid and which flowline of the pair is at low pressure and returns the
hydraulic fluid.

[0044] The blowout preventer control systern 10 may utilize small flowlines 16a-d
and 17a-d that are routed through an optional hydraulic swivel 23 of a reel 22 to
manage long flowlines (typically hundreds of feet, and in a particular practical
embodiment, 150 to 200 feet) to enable placement of the control cabin 4 at a safe
distance from the wellbore 11. Each ram 9a, 9b, 9¢ or 9d having two control
flowlines, respectively 16a and 17a, 16b and 17d, 16¢ and 17, or 16d and 17d,
necessarily results in two to sixteen flowlines (only 8 are illustrated in Figure 1) being
connected to the flow responsiveness enhancer 20. In a typical embodiment, each
flowline is approximately 3/8 inch in diameter.

[0045] The hydraulic power pack 3 operates on hydraulic fluid to power the coiled
tubing operation. The hydraulic fluid usually becomes increasingly viscous with

lower temperatures. The temperature in flowlines that do not continuously flow, such
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as the BOP control lines, can be below water freezing temperatures in certain
environments. Viscous fluid in long, small diameter flowlines can result in
dangerously slow BOP actuation.

[0046] In the configuration shown i1n Figure 1 and 1B, a flow responsiveness
enhancer device 20 may include a set of manifolds 21a, 21b, 21c and 21d {or stack of
manifolds 21) positioned near to the BOP 9, sharing the flow path of all the control
flowlines to the flow responsiveness enhancer 20, optionally without additional
flowlines. With the flow responsiveness enhancer 20 positioned very near io the BOP
9, very short, high flow rate lines may be used to connect from the flow
responsiveness enhancer 20 {o the BOP 9, ensuring fast response times for the rams of
the BOP 9,

10047} The valve system 6 includes multiple banked directional valves, and allows
multiple Jow paths to communicate pressure signals and to supply hydradlic fluid to
the flow responsiveness enhancer 20,  The flow responsiveness enhancer 20
comises elements that are reactive to differential pressure signals. Thus, relative
pressure levels in the pair of conirol flowlines 16a and 17a select the open or close
state of ram 9a. However, supply or return of hydraulic fluid in the control flowlines
16a and 17a without change of relative pressure may not always imply movement of
the ram 9a, because this supply or retun of hydraulic fluid may also be used by the
flow responsiveness enhancer 20 to move the other rams 9b, 9¢, or 9d. The behavior
of the flow responsiveness enhancer 20 i response to pressure changes and fluid flow
m the pairs of control flowlines 16b and 17b, 16¢ and 17¢, or 16d and 17d may be
similar to behavior of the flow responsiveness enhancer 20 in tesponse (o pressure
changes and fluid flow in the pair of control flowlinegs 16a and 17a. As such, the flow
responsiveness enhancer 20 may separate flow and pressure signals so that the flow
and pressure signals work differently on raro actuation.  Further, the flow
responsiveness enhancer 20 permit the flows through the pairs of control flow lines,
t6a and 17a, 16b and 17b, 16¢ and 17¢ to work together on the actuation of any of the
rams 9a, 9b, 9¢ and 9d.

{0048] Typically, at least one manifold per BOP ram is used in a stack in the flow
responsiveness enhancer device 20. Accordingly, a flow responsiveness enhancer 20
may include between two and eight manifolds as described with respect to Figure 2,

and more preferably, mway include eight manifolds.  The function of flow
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responsiveness enhancer 20 is exhibited by further examunation of each manifold
thereof, with reference to Figures 1B and 2. While the mamfolds 21a, 21b, 2lc or 21d
are described herein as a discrete physical device, 1t 15 also envisioned that a plurality
of circuits accomplishing the same ends may be emploved within a single discrete
device or a stack of several discrete devices.

{0049} Each manifold 21a, 21b, 2ic or 21d mayv be coupled to an associated BOP ram
Qa, 9b, 9¢ or 9d by a pair of relatively larger diarneter, short length flowlines or hoses
25a and 26a, 25b and 26b, 25¢ and 26¢, 25d and 26d. Because the BOP 9 may have
between one and eight rams, there mayv be between two and sixteen flowlines between
the flow responsiveness enhancer 20 and the BOP 9 (only eight are shown in Figure
1), In a typical embodiment, each flowline may be approximately 3/4 inch in
diameter.

[0050] Figure 2 shows a schematic for a single manifold 40a of the flow
responsiveness enhancer of the present disclosure.  Label 35 represents a shared
pressure hine and label 36 represents a shared tank line. The shared pressure line 35
may run through several manifolds identical to manifold 40a, and may be formed
from several pressure line segments, one segment in each manifold of the stack of
mantfolds.  Sioularly, the shared tank line 36 may run through several manifolds
identical to manifold 40a, and may be formed from several tank line segments, one
segment in each manifold of the stack of manifolds.

{0051} For purposes of explanation, consider ports A and A’ as on the “engage” or
“close” side of the hvdrauhic circuit to actuate one of the BOP rams 9a, 9b, 9¢ or 94,
and poris B and B’ as on the “disengage” or “open” side of the hydraulic circut to
actuate the same BOP ram. Poris A and B of the manifold 40a couple via relatively
smaller diameter, longer length flowlhines or hoses to the control valve systern 6, for
example via pair of coutrol flowlines 16 and 17 Thus the flowline 16 may be the
conirol flowline referred {0 as control-close, and the flowline 17 may be referred {0 as
conirol-open.  Ports A” and B couple via relatively larger diameter, short length
flowlines or hoses to one BOP ram, via pair of flowlines 25 and 26. Thus the flowline
25 may be referred to as actuate-close and the flowline 26 may be referred to as
actuate-open.

10052] Ports P and T carry flud in shared pressure and tank flowlines 35 and 36

within a stack of manifolds 21, and couple o adjacent manifolds for supply and returm

13



WO 2017/023362 PCT/US2016/016321

of fluid to or from others of the BOP rams. A shutile value 30 compares the pressure
between port A and port B, passing fluid from the port baving the higher pressure of
the two ports to the shared pressure line 35, Check valves 31 and 32 restrict tlow to a
single direction, passing fluid from the sharad tank line 36 1o anv of the two ports that
has a lower pressure, out of the manifold stack 21 and toward the control valve system
6 and the tank 7T. When the pressure on port A 1s greater than the pressure on port B,
directional valve 33 shufis down, such that the shared tank line 36 connects to port B
and the shared pressure line 35 conmects to port A, Alternatively, when the pressure
ont port B is greater than the pressure on port A, directional valve 33 shifts up, such
that the shared {ank hine 36 connects to A’ and the shared pressure hine 35 connects to
port B’

[0053] When a plurality of manifolds such as the one shown in Figure 2 are combined
i a stack 21 shown n Figure 1B, the fhud 1 the shared pressure line may flow to any
of the manifolds in the stack of manifolds 21, as well as the {hnd in the tank line may
flow to any of the manifolds in the stack of manifolds 21

{0054} In an embodiment, the shared pressure line 35 and the shared tank line 36 may
be sealed or capped at each end of a stack of manifolds 21. Alternatively, the shared
pressure Iine 35 may be extended by a common pressure Howhine 35a to the controd
valve system 6 {shown 1n Figure 1} and to the power pack 3 (shown in Figure 1) or
directly to the power pack 3. Similarly the shared tank line 36 may be extended by a
common retum flowline 36a to the control valve sysiem 6 and to the power pack 3 or
directly 1o the power pack 3. Furthermore, the common pressure flowline 35a and or
the comumon return flowline 36a may be provided as separate hugh rate flowlines
connected to the swivel 23 and running along the long pairs of control flowlines or
hoses 16a-~d and 17a-~d.

1005571 In a further embodiment, a high flow rate supply of fuid can be added 1o some
or all of the manifolds (or to the stack of manifolds 21} by adding one or more high
pressure accumulators 37 {e.g., over 1000 psi gas charge) at or near the position of the
flow responsiveness evhancer 20, and coupling the accumulators 37 to shared
pressure line 35.

[0036] In a further embodiment, a high flow rate return of fluid can be added to some
or gll of the manifolds (or {o the stack of manifolds 21} to reduce back pressure, by

adding one or more low pressure accurnulators 38 {e.g.. under 300 ps: gas charge) at
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or near the position of the stack of manifolds 21, and coupling the accumulators 38 1o
shared tank line 36,

10057] In some BOPs, one or more rams of the plurality of rams are shear rams which
can require dedicated accumulators and pressure/control hines. Due to the critical
nature of a shear ram, in an embodiment of the present disclosure illustrated in Figure
3, check valves 41 and 42 may be added in the shared pressure and {ank hines 35 and
36 between the manifolds dedicated to shear rams {only one dedicated mamfold 21e is
shown} and the other manifolds in the stack {onlv one other manifold 21f is shown),
The check valves 41 and 42 serve to isolate the shear rams from the other rams, and
ensure that the fhad that 1 supplied to the manifolds dedicated 1o the shear rams 1s
conveyed to the shear rams even to the detriment of fluid responsiveness of other
rams.

{0058] In an aliemative embodiment, a stack of manitolds 21 may be replaced instead
by separate manifolds each coupled to separable BOPs, with the improved
responsiveness being maintained by joining the pressure line sections and tank line
section of gach manifold by flowlines or hoses to form the shared pressure and tank
lines.

[0039] Reflerring to Figures 3 and 4, at least one of the mamifolds (211, 40b) may
nclude one or more check valves 45 that maintain flow in a single direction from
flow responsiveness enhancer 20 to BOP 9, or that limut flow from the shared pressure
line 35 to be toward the first or second output port A” or B’ of the pair of ouiput ports.
For exaraple, check valve 45 may be dispose between the shared pressure line 35 of
one manifold and the first or second output port A” or B’. The check valve may allow
fluid flow only from the shared pressure line 35 fo the first or second output port A’
or B, and thus to a ram 93, 9b, 9¢ or 9d of the BOP 9.

[0060] Tuming to Figure 5, an embodiment of a manifold 40¢ having two 4-way
directional valves that are piloted by the pressure levels in one pair of control
flowlines is illustrated. The first 4-way directional valve 33 is similar to the 4-way
directional valve 33 shown in Figures 2 or 4 for example. The function of the first 4-
way directional valve 33 is to control flow between the shared pressure and tank lines
{respeciively 35 and 36} on the one hand. and the pair of output portis A” and B on
the other hand. The second 4-way directional valve 39 combines the functions of

shuttle valve 30 and the check valves 31 and 32 shown in Figures 2 or 4. Thus, the
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second 4-way directional valve 39 controls flow from one port A or B of the pair of
input ports into the shared pressure line, as well as flow from the shared tank line into
the other port of the pair of input ports respectively B or A. For example, if the
pressure in the control flowline 16 is higher than the pressure in the control flowline
17, the second 4-way directional valve 39 shifts down, allowing flow from port A into
the shared pressure line 35, and flow from the shared tank line 36 into port B. The
flow is crossed when pressure in the control flowline 17 is higher than the pressure in
the control flowline 16.

[0061] While the disclosure has been disclosed with respect to a limited number of
embodiments, those skilled in the art, having the benefit of this disclosure, will
appreciate numerous modifications and variations therefrom. While the disclosure
has been described in the context of applications in improving responsiveness of flow
to a BOP, the apparatus of the disclosure can be used in many applications. Likewise,
while particular configurations involving check valves, shuttle valves, and/or
directional valves are expressly noted, all logical equivalents to such devices are
contemplated as within the design considerations of one of ordinary skill in the art.
[0062] Although a few example embodiments have been described in detail above,
those skilled in the art will readily appreciate that many modifications are possible in
the example embodiments without materially departing from this disclosure.
Accordingly, all such modifications are intended to be included within the scope of
this disclosure as defined in the following claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein as performing the recited
function and not simply structural equivalents, but also equivalent structures. Thus,
although a nail and a screw may not be structural equivalents in that a nail employs a
cylindrical surface to secure wooden parts together, whereas a screw employs a
helical surface, in the environment of fastening wooden parts, a nail and a screw may
be equivalent structures. It is the express intention of the applicant not to invoke 35
U.S.C. § 112, paragraph 6 for any limitations of any of the claims herein, except for
those in which the claim expressly uses the words ‘means for’ together with an
associated function.

[0063] The preferred aspects and embodiments were chosen and described in order to
best explain the principles of the invention and its practical application. The preceding

description is intended to enable others skilled in the art to best utilize the invention in
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various aspects and embodiments and with various modifications as are suited to the
particular use contemplated. In addition, the methods may be programmed and saved
as a set of instructions, that, when executed, perform the methods described herein. It

is intended that the scope of the invention be defined by the following claims.
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CLAIMS
What is claimed is:

1. A flow responsiveness enhancer for improvad time responsiveness of
a blowowt preventer, comprising:
at least one section; and
a shared pressure line coupled to the at least one section;
wherein the at least one section includes:
a pair of input ports;
a pair of output ports;
a first valve system that controls flow from one port of the pair of input
ports into the shared pressure line; and
a second valve system that controls flow from the shared pressure line

into one port of the pair of cutput ports.

2. The flow responsiveness enhancer of claim 1, further comprising a
shared tank line coupled to the at least one section, and wherein the at least one
section further includes a third valve system that controls flow from the shared fank

line into another port of the pair of mput ports.

(4l

The flow responsiveness enhancer of claim 2 wherein the third valve

system comprises check valves,

4. The flow responsiveness enhancer of clavm 1 further comprising a
shared tank hne coupled to the at least one manifold, and wherein the second valve
systern further controls flow from another port of the pair of output poris mio the

shared tank hne.
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[

‘The flow responsiveness enhancer of claim 1 wherein the second
valve system comprises a 4-way directional valve that is piloted by the pressure levels

n the pair of input ports.

6. The flow responsiveness enhancer of claim 1 wherem the first valve

system comprises a shuitie valve,

7. The flow responsiveness enhancer of clavm 1 further comprising a
check valve to hout flow froro the shared pressure line to be toward the one port of

the pair of output poris.

8. The flow responsiveness enhancer of claim 1 wherein the at least one
section is a first section, and further comprising a second section coupled to the
shared pressure ling, wheretn the second section includes:

another pair of input ports;

another pair of output ports;

a third valve system that controls flow from one port of the other pair of input

ports into the shared pressure line; and
a fourth valve system that controls flow from the shared pressure hine into one

port of the other pair of ouiput ports.

9. The flow responsiveness enhancer of claim 8 further comprising an

accumlator coupled {o the shared pressure line,

10. The flow responsiveness enhancer of claim 8 wherein the shared
prassure line is coupled to a power pack to supply fluid to the first and second

sections.
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1t The flow responsiveness enhancer of claim 8 further comprising a
check valve disposed along the shared pressure line between the first and second

sections.

12. The flow responsiveness enhancer of claim 8 wherein each of the

first and second sections 1s a manifold.

13 A system for improved time responsiveness of a blowout preventer,
COMPTISING.
a power pack to supply pressurized fluid;
a control valve system;
a blowout preventer having one or more rams;
a flow responsiveness enhancer having one or more sections, each section
being operatively associated with one ram and fluidly coupled thereto;
one or more pairs of control flowlines, each pair of control flowlines being
operatively associated with one section of the flow responsiveness
enhancer;
wherein the control valve system includes a plurality of banked directional
valves to selectively flow and return fluid between each section of the
flow responsiveness enhancer and the power pack through one pair of
control flowlines;
wherein the flow responsiveness enhancer comprises a shared pressure line
running through each section, and a shared tank line running through

each section; and

20



WO 2017/023362 PCT/US2016/016321

wherein each section of the flow responsiveness enhancer includes a first
valve system that controls flow from one pair of control flowlines into
the shared pressure line, a second valve system that controls flow from
the shared pressure line to one ram and from the one ram into the
shared tank line, and a third valve system that controls flow from the

shared tank line into the one pair of control flowlines.

14, The svstem of claim 13 wherein the first valve system comprises a

shuttle valve.

15, The systern of claim 13 wherein the second valve systero comprises a
4-way directional valve that s piloted by the pressure levels 1o one pair of control

flowlines.

6. The system of claim 13 further comprising one or more check valves

o it flow from the shared pressure hine o be toward the blowout preventer,

17. The system of claim 13 wherein the flow responsiveness enhancer
has at least two sections, the system further comprising a check valve coupled on the

shared pressure line, the check valve being disposed between the at Teast two sections,

8. The system of claim 13 wherein the flow responsiveness enhancer
has at least two sections, the system further comprising a check valve coupled on the

shared tank hine, the check valve being disposed between the at least two sections.

19, ‘the system of claim 13 further comprising an accumulator coupled

to the shared pressure line,
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20. ‘the system of claim 13 further comprising an accumulator coupled

to the shared tank line.

21 The systern of claim 13 further comprising a common pressure
flowline coupled to the shared pressure line and to the power pack for supplying
pressurized fluid to the one or more sections, and a common retum flowline coupled

to the shared tank line and to the power pack for returning fluid to the power pack.

22, The systern of claim 13 wherein the one or more sections are

manifolds forming a stack of one or more manifolds.

23, A method for cold flow management of a blowout preventer,
COMPISInG:
coupling a blowout preventer having a plurality of rams to a control valve
system through a flow responsiveness enhancer;
actuating one or more rams of the blowout preventer using the control valve
system; and
combining the flow paths of a plurality of flowlines into a shared pressure line
connected by a valve system to one of the rams of the blowout
preventer,
wherein the flow responsiveness enhancer comprises a stack of one or more
manifolds, each manifold being coupled to one of the plurality of
flowlines, and
wherein the shared pressure line runs through the stack of one or more

manifolds.
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