SHEAR BOOST TRIGGERING AND BOTTLE REDUCING SYSTEM AND METHOD TECHNICAL
FIELD [0001]Embodiments of the subject matter disclosed herein generally relate to methods and
devices and, more particularly, to mechanisms and techniques for shearing a drill string in a well.
BACKGROUND [0002]Subsea oil and gas exploration becomes more challenging as the exploration
depth increases. Complex devices are disposed on the ocean floor for extracting the oil and for the
safety of the oil equipment and the environment. These devices have to withstand, among other
things, high pressures (from 3,000 to 60,000 psi (200 to 4000 bar) or more) and highly corrosive
conditions. For undersea drilling, parts are disposed on the ocean floor (sometimes more than 2000 m
below sea level) as shown, for example, in Figure I. [0003]Figure | illustrates a lower blowout preventer
stack ("lower BOP stack™) 10 that
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[0001] Embodiments of the subject matter disclosed herein generally relate to methods
and devices and, more particularly, to mechanisms and techniques for shearing a drill string

in a well.

BACKGROUND

[0002] Subsea oil and gas exploration becomes more challenging as the exploration
depth increases. Complex devices are disposed on the ocean floor for extracting the oil and
for the safety of the oil equipment and the environment. These devices have to withstand,
among other things, high pressures (from 3,000 to 60,000 psi (200 to 4000 bar) or more) and
highly corrosive conditions. For undersea drilling, parts are disposed on the ocean floor
(sometimes more than 2000 m below sea level) as shown, for example, in Figure 1.

[0003] Figure 1 illustrates a lower blowout preventer stack (“lower BOP stack™) 10 that
may be rigidly attached to a wellhead 12 upon the sea floor 14, while a Lower Marine Riser
Package (“LMRP”) 16 is retrievably disposed upon a distal end of a marine riser 18,
extending from a drill ship 20 or any other type of surface drilling platform or vessel. As

such, the LMRP 16 may include a stinger 22 at its distal end configured to engage a
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may be rigidly attached to a wellhead 12 upon the sea floor 14, while a Lower Marine Riser Package
("LMRP") 16 is retrievably disposed upon a distal end of a marine riser 18, extending from a drill ship
20 or any other type of surface drilling platform or vessel. As such, the LMRP 16 may include a stinger
22 at its distal end configured to engage a receptacle 24 located on a proximal end of the lower BOP
stack 10. [0004]In typical configurations, the lower BOP stack 10 may be rigidly affixed atop the
subsea wellhead 12 and may include (among other devices) a plurality of ram-type blowout preventers
26 useful in controlling the well as it is drilled and completed. The flexible riser provides a conduit
through which drilling tools and fluids may be deployed to and retrieved from the subsea wellbore.
Ordinarily, the LMRP 16 may include (among other things) one or more ram-type blowout preventers
28 at its distal end, an annular blowout preventer 30 at its upper end, and multiplexer (MUX) pod (in

reality two, which @t refestartdQ PR ncusing a7 ke ReABEHQudrods) 32. Additionally, accumulator
tanks 31 are provided to provide pressure to move ram blocks of the associated BOPs 26 and while

shown as a qepedfte Unitytieapeshiputatiohiantsi St sBOPaRdRAY afedl MR, hérassiasyeas [0005]A

conventional MUX pod system 40, is shown in Figure 2 and may provide between 50 and 100 different

functions to thipdeaveelBitd stagkd Hohancridth @R Bild anddhe e lunatiipos mayyhe dinsed and/or
controlled from or via the LMRP 16. The MUX pod 40 is fixedly attached to a frame (not shown) of the

LMRP 16 angrerayténcRéiesdtytimubaatijliagtiiated valveis &lkaebieddonibr@d. SUke(flatébraeisated (SPM)
valves) and solenoid valves 52 that are fluidly connected to the hydraulically activated valves 50. The
solenoid vahmehdearscpndvitiddomghwhielcitdtliosactioamd4laidd sy te sigpriegetbtbendotetateddy
sending an electrical signal from an electronic control board (not shown). Each solenoid valve 52 is
configured tdraotittatevhscarretiboreditlyhiyatify liballyMR BVt ety v &O(ahmm/hentbahgd) osctivated
valves 50 are provided in a hydraulic section 58 and are fixedly attached to the MUX pod 40 (i.e., a
remotely operzieais/smictEtR@WovhpreseresrsAfeatritndisitlendnhansamdasdispodadeyantiae3deeifloor).

its upper end, and multiplexer (MUX) pod (in reality two, which are referred to in the
industry as blue and yellow pods) 32. Additionally, accumulator tanks 31 are provided to
provide pressure to move ram blocks of the associated BOPs 26 and while shown as a
separate unit, the accumulator tanks 31 can be a part of the LMRP 16 as desired.

[0005] A conventional MUX pod system 40, is shown in Figure 2 and may provide
between 50 and 100 different functions to the lower BOP stack 10 and/or the LMRP 16 and
these functions may be initiated and/or controlled from or via the LMRP 16. The MUX pod
40 is fixedly attached to a frame (not shown) of the LMRP 16 and may include hydraulically
activated valves 50 (called in the art sub plate mounted (SPM) valves) and solenoid valves 52
that are fluidly connected to the hydraulically activated valves 50. The solenoid valves 52
are provided in an electronic section 54 and are designed to be actuated by sending an
electrical signal from an electronic control board (not shown). Each solenoid valve 52 is

. configured to activate a corresponding hydraulically activated valve 50. The MUX pod 40
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100061In typical subsea blowout preventer installations, multiplex cables (electrical) and/or lines
(hydraulic) transport control signals via the MUX pod 40 and the pod wedge) to the LMRP 16 and
lower BOP stack 10 devices so specified tasks may be controlled from the surface. Once the control
signals are received, subsea control valves are activated and (in most cases) high-pressure hydraulic
lines are directed to perform the specified tasks. Thus, a multiplexed electrical or hydraulic signal may
operate a plurality of "low-pressure" valves to actuate larger valves to communicate the high- pressure
hydraulic lines with the various operating devices of the wellhead stack. 100071A bridge between the
LMRP 16 and the lower BOP stack 10 is formed that matches the multiple functions from the LMRP
16 to the lower BOP stack 10, e.qg., fluidly connects the SPM valves 50 from the MUX pod 40 provided
on the 1..MRP 16 to dedicated components on the BOP stack or the LMRP 16. The MUX pod 40
system is used.in additjon to choke and kill line connections (not shown) or lines that ensure pressure
supply to, fo?%kvzfﬁ?gﬂé?]ﬁ‘?é Yhashigvidad de ad i sespiom dhesh mrdpsibsadpebedrieuhication lines
bridged betv‘ﬁEB(LM(ﬁﬁ)S 16 and lower BOP stacks 10 through feed-thru components include, but are
not limited to, nydPRAICFiSra FRLRY APstArEdPhisis(H)SPRamaoh L Bemshan ey @estical

multiplex cogtrol lines Electr' al power lines, hydraulic power lines, mechanical power lines,
. 1sHosei ont eﬁea QO0r). . . . .
mechanical control lines, electrical control lines, and sensor lines. In certain embodiments, subsea

wellhead st Jg d-thru components, include at least one MUX pod 40 connection whereby a plurality
of hydraulica[c%?ntrgl sig Hl{é?/g lgrag Sélrrbosﬁﬁsgllc?%%uettﬂreerv %“ﬁ%fﬁasﬁaé}ﬁﬂ?é'é? ButiBlS f78l5S e Hnd the lower

ook ARIFIOOIR AR IOk SR POTIRR AR RO R RRTRlPh S8R 2 el 1=
the LMRP 16 and lower BOP stack 10 devices so specified tasks may be controlled from the
surface. Once the control signals are received, subsea control valves are activated and (in
most cases) high-pressure hydraulic lines are directed to perform the specified tasks. Thus, a
multiplexed electrical or hydraulic signal may operate a plurality of “low-pressure” valves to
actuate larger valves to communicate the high- pressure hydraulic lines with the various
operating devices of the wellhead stack.
[0007] A bridge between the LMRP 16 and the lower BOP stack 10 is formed that
matches the multiple functions from the LMRP 16 to the lower BOP stack 10, e.g., fluidly
connects the SPM valves 50 from the MUX pod 40 provided on the LMRP 16 to dedicated
components on the BOP stack or the LMRP 16. The MUX pod 40 system is used in addition
to choke and kill line connections (not shown) or lines that ensure pressure supply to, for
example, the shearing functions of the BOPs.
[0008] Examples of communication lines bridged between LMRPs 16 and lower BOP

stacks 10 through feed-thru components include, but are not limited to, hydraulic choke lines,

hydraulic kill lines, hydraulic multiplex control lines, electrical multiplex control lines,
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is used at a wellhead of an oil or gas well. The BOP is configured to shut the flow from the well when
certain well events occur. One such well event may be the uncontrolled flow of gas, oil or other well
fluids from an underground formation into the well. Such well event is sometimes referred to as a "kick"
or a "blowout" and may occur when formation pressure exceeds the pressure generated by the column
of drilling fluid. This well event is unforeseeable and if no measures are taken to prevent and/or control
it, the well and/or the associated equipment may be damaged. [00101The BOP may be installed on
top of the well to seal the well in case that one of the above events is threatening the integrity of the
well. One type of BOP, an annular BOP, is conventionally implemented as a valve to release the
pressure either in the annular space between a casing and a drill pipe or in the open hole (i.e., hole
with no casing) during drilling or completion operations. Another type of BOP, a ram BOP, can be
located below the annular BOP and above the wellhead The different types of éams Fggﬂggperally be
classified as e(a)idasipgvetrdaresahysfor surtng dHIEiPECbaRifH) PARET I BITE SRS rams capable of
both sealing on open hole and cutting drill pipe, casing, etc., and (3) pipe rams capa ealing on
pipe and hanlirs, thecuithistihtipbliessh fHinecIoRINes; r&eéaé%wggép‘ﬂﬁ?ﬁ‘%é%? 6%%'(?5%(1; in
undersea environment in more detail. A wellhead 302 ma%rge fﬁigﬁ to the sea ggr%gla?ﬂﬂatl' ram

P y P3

BOP 306 is seetirdebtotiine seineaas S0 uegileas 5! CYReFam B 6 detached from

the wellhead 302. However, the BOP 306 is typjcally attached to tk Q2 oeisil] pipg 308 is
shown traversiiiy dieu Hgrpopesb i s 36 SHPEAN Lﬂ%t%élfl% Héﬁ%ﬂ?gagéqgeg%gé may have two ram

blocks 312 attached to corresponding pistons 314 Thl% istons oy& integrally with the ram
blocks 312 altwganksdieRstackid i ?o%]%%e”fﬂ'éoﬁ\%?f %%%ﬁus?w}%é%ns when the ram BOP 306 is

used for Shea[la[)](c)]9t]he dglrlle[,J é%%a?gtgg le: sealing a well is the BOP. The BOP is a safety mechanism that

s used at a wellhead of an oil or gas well. The BOP is configured to shut the flow from the
well when certain well events occur. One such well event may be the uncontrolled flow of
gas, oil or other well fluids from an underground formation into the well. Such well event is
sometimes referred to as a “kick” or a “blowout” and may occur when formation pressure
exceeds the pressure generated by the column of drilling fluid. This well event is
unforeseeable and if no measures are taken to prevent and/or control it, the well and/or the
associated equipment may be damaged.

[0010} The BOP may be installed on top of the well to seal the well in case that one of
the above events is threatening the integrity of the well. One type of BOP, an annular BOP,
is conventionally implemented as a valve to release the pressure either in the annular space
between a casing and a drill pipe or in the open hole (i.e., hole with no casing) during drilling
or completion operations. Another type of BOP, a ram BOP, can be located below the
annular BOP and above the wellhead. The different types of rams can generally be classified

as, (1) casing shear rams for cutting drill pipe, casing, etc., (2) blind shear rams capable of
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tools in the hole, having the desired shear strength and shared load through the desired load bearing
surfaces is desired. This can be complicated by variable forces acting upon the system, such as, the
reaction force produced by the drill line when asymmetrically disposed relative to the shear surface of
the ram block 312, and a force produced by variable upward pressure from the kick or additional items

inside of the drill pipe that also need to be sheared off to seal the well, e.g., a cable attached to a down

hole piece of equipment, to name just a few examples. [0013]In order to seal the well as desired, the

MUX pod 40 includes a controller which controls a system of valves for opening and closing the BOPs.

Hydraulic fluid, which is used to open and close the valves, is commonly pressurized by equipment on
the surface. The -5- pressurized fluid is stored in accumulators 31 to operate the BOPs. The fluid
stored subsea in accumulators may also be used to auto shear and/or perform deadman functions

when controbofitheaiigllds épsh Adie acceimidatenBipeavabieludr canamnaspécanistambibatstore the
hydraulic fluid under pressure and provide the necessary pressure to open and close the BOPs.

[0014]As undesbteosh pypthagkEhah gitdinks yisKiltiinadeeposgandrilling, in order to overcome the high
hydrostatic pressures generated by the seawater at the depth of operation of the BOPs, the
accumulator[8@1Have tbipeériitihiychasgeB OF 3 dssited mhoveidee ambientsubsesprdsatire. Typical
accumulators are charged with nitrogen but as pre-charge pressures increase, the efficiency of
nitrogen decfessdaath il aniysbadiitid ratlcosthed 30¢ight becans 8 6B FOGecctemnutatasshare required
subsea to perform the same operation on the surface. For example, a 60-liter (L) accumulator on the
surface may'rllead d93blEigithon .4 olaritie terfacel 0Bt WOIBOSMbiromtde depletdd 03able
volume is less than 4 L. An additional issue with accumulators 31 is that as the charge in the
accumulator3MeveksbaBEY 166 apisalyprsachadirdm wedlkaacuiidlatod 31 pipretiifcsdmwshown in
Figure 4. In Figure 4, when a valve is opened to first use the accumulator 31, the pressure generated
is Pl at a voltiersmnesberm BRFO6riskeaitaiRe the avgibhdl dT iR easrddQBralfensyd 9esurre et ve 402
shows that the available pressure decreases such that at a later usage point, an available pressure P,

at a volume V9% IDlretlrlrdse conrsradr s B MoBIdm | eRisaVaTABIEpYe daigasay i ithahe

accumulators 31 js lower than desired.
ramlblocl?s\l\é 12 Qlong irections A and B to close the well.

[0012] In situations when the ram BOP 306 is used for shearing the drill pipe or other
tools in the hole, having the desired shear strength and shared load through the desired load
bearing surfaces is desired. This can be complicated by variable forces acting upon the
system, such as, the reaction force produced by the drill line when asymmetrically disposed
relative to the shear surface of the ram block 312, and a force produced by variable upward
pressure from the kick or additional items inside of the drill pipe that also need to be sheared
off to seal the well, e.g., a cable attached to a down hole piece of equipment, to name just a
few examples.

[0013]  In order to seal the well as desired, the MUX pod 40 includes a controller which
controls a system of valves for opening and closing the BOPs. Hydraulic fluid, which is used

to open and close the valves, is commonly pressurized by equipment on the surface. The
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100151Accordingly, it would be desirable to provide systems and methods to have a desired pressure
available for use whenever desired. SUMMARY [0016]According to an exemplary embodiment there
is a system configured to move a ram block. The system includes: a first bank of accumulators
configured to provide a first pressure to move the ram block; a second bank of accumulators
configured to provide a second pressure to move the ram block, wherein the second pressure is
greater than the first pressure; and a controller configured to sequentially control the first bank of
accumulators to apply pressure to move the ram block and to then control the second bank of
accumulators to move the ram block after the first bank of accumulators has moved the ram block a
first distance. [0017]According to another exemplary embodiment, there is a system configured to
shear an object in a blow out preventer. The system includes: a pressure sensor configured to monitor

a first pressuie. appiied LA LM BloRkeLING bloWayt PIEvenienandia ansa sigaLipripsentative

. re . y >
of the first prgssure 0 a controller; a first of accumulators configured to provide a second

presstre 1 oy 1R (AT e o Hlock s suhetRakAbyineanta i e ahiser; a second

bank of accumugtors con ed to provide a third pressure to move the ram block to shear the object,

wherein the thirdl presaH 6Ly 9 faterthancieSRaNs RIS SHERIRN HhcANEaNRIEIS eafigured to
sequentially control the first bank of accumulators to move the ram block until the first pressure
reaches a predatesmineavumaIpiaihencepiitiaracasaprelascompiatas snseave the ram

BOPs.

[0014]  As understood by those of ordinary skill, in deep-sea drilling, in order to overcome

the high hydrostatic pressures generated by the seawater at the depth of operation of the

BOPs, the accumulator 31 have to be initially charged to a pressure above the ambient subsea

pressure. Typical accumulators are charged with nitrogen but as pre-charge pressures

increase, the efficiency of nitrogen decreases which adds additional cost and weight because

more accumulators are required subsea to perform the same operation on the surface. For

example, a 60-liter (L) accumulator on the surface may have a usable volume of 24 L on the

surface, but at 3000 m of water depth the usable volume is less than 4 L. An additional issue

with accumulators 31 is that as the charge in the accumulator 31 is expended, the resulting

pressure from the accumulator 31 is reduced as shown in Figure 4. In Figure 4, when a valve

is opened to first use the accumulator 31, the pressure generated is P at a volume V. Asthe

volume of the charge is expanded, the pressure versus volume curve 402 shows that the

available pressure decreases such that at a later usage point, an available pressure P> at a

volume V; is lower than P;. This could be a problem, if the available pressure from the

accumulators 31 is lower than desired.




block to shear the object. 100181According to another exemplary embodiment, there is another
system configured to shear an object in a blowout preventer. The system includes: a first bank of
accumulators configured to provide a first pressure to move a ram block until the ram block is
substantially in contact with the object; a second bank of accumulators configured to provide a second
pressure to move the ram block to shear the object, wherein the second pressure is greater than the
first pressure; a relief valve connected to a pressure line and configured to open when the first
pressure reaches a predetermined amount; and a conduit connected to the relief valve and configured
to deliver a pressurized substance to open a pilot valve associated with the second bank of
accumulators when the relieve valve opens. [0019]According to another exemplary embodiment, there
is yet another system configured to shear an object in a blowout preventer. The system includes: a
position seniﬁqffﬁnfigxred n]onitor a ﬁcf%sition, of a ram block in the blowout preventer and to transmit
the position lram SIOER 8% LoRBditers dsiratininesp de shilmpratmstrsiel tYidvide a first
pressure to move (}h(;ersz%m ba{\cl)ecl:llf %g{%ti OtrhS:' ram block i sub(gtantially in contact with the object; a second
bank of accumulatars con?igure 0 proﬁ%gaegg‘é n Sﬂ?% sure to move the ram block to shear the
object, wherein the second pressure is greater than the first pressure; and the controller is configured
to calculate a velocity of the ram block and to sequentially control the first bank of accumulators to
move the ram block until the velocity of the ram block is substantially zero and to then control the
second bank of accumulators to move the ram block to shear the object. [0020]According to another
exemplary embodiment, there is yet another system configured to shear an object in a blowout
preventer. The system includes: a lower marine riser package (LMRP); a multiplexor (MUX) pod
attached to the LMRP and configured to provide functions to the BOP; the BOP configured to shear
the object with a ram block; a position sensor configured to monitor a position of the ram block and to
transmit the position of the ram block to a controller; a first bank of accumulators configured to provide
a first pressure to move the ram block until the ram block is substantially in contact with the object; a
second bank of accumulators configured to provide a second pressure to further move the ram block
to shear the object, wherein the second pressure is greater than the first pressure; and the controller is
disposed in the MUX pod and configured to sequentially control the first bank of accumulators to move
the ram block until the ram block is substantially in contact with the object and to then control the
second bank of accumulators to move the ram block to




shgar t_he object. [0021]According to another exemplary embodiment, there is a method to shear an
objept ina blowo.u.t preventer. The method includes: determining a need to shear the object;
monitoring a posmo'n ‘of a ram block of the blowout preventer; transmitting the position of thé ram block
toa controller;_pr_owdlng a first pressure from a first bank of accumulators to move the ram block until
the ram block is in contact with the object; providing a second pressure from a second bank of
accumulators to move the ram block to shear the object; and shearing the object. BRIEF
DESCRIPTION OF T_HE DRAWINGS [0022]The accompanying drawings illustrate exemplary
embodlments, wherein: [0023]Figure 1 is a schematic diagram of a conventional offshore rig;
[0024]Figure 2 is a schematic diagram of a multiplexor (MUX) pod; ’

SUMMARY
[0016} According to an exemplary embodiment there is a system configured to move a
ram block. The system includes: a first bank of accumulators configured to provide a first
pressure to move the ram block; a second bank of accumulators configured to provide a
second pressure to move the ram block, wherein the second pressure is greater than the first
pressure; and a controller configured to sequentially control the first bank of accumulators to
apply pressure to move the ram block and to then control the second bank of accumulators to
move the ram block after the first bank of accumulators has moved the ram block a first
distance.
[0017] According to another exemplary embodiment, there is a system configured to
shear an object in a blow out preventer. The system includes: a pressure sensor configured to
monitor a first pressure applied on a ram block of the blowout preventer and to transmit a
signal representative of the first pressure to a controller; a first bank of accumulators
configured to provide a second pressure {o move the ram block until the ram block is
substantially in contact with the object; a second bank of accumulators configured to provide
a third pressure to move the ram block to shear the object, wherein the third pressure is
greater than the second pressure; and the controller is configured to sequentially control the
first bank of accumulators to move the ram block until the first pressure reaches a

predetermined value and to then control the second bank of accumulators to move the ram

block to shear the object.




[0025]Figure 3 is a schematic diagram illustrating a ram blowout preventer (BOP) disposed on top of
the well; [0026]Figure 4 illustrates a pressure versus volume curve when using an accumulator;
[0027]Figure 5 depicts an accumulator system with a position sensor according to exemplary
embodiments; [0028]Figures 6 and 7 show a cylinder head and sensor arrangement according to
exemplary embodiments; [0029]Figure 8 depicts an accumulator system with a pressure sensor

according to exemplary embodiments;

[0018] According to another exemplary embodiment, there is another system configured
to shear an object in a blowout preventer. The system includes: a first bank of accumulators
configured to provide a first pressure to move a ram block until the ram block is substantially
in contact with the object; a second bank of accumulators configured to provide a second
pressure to move the ram block to shear the object, wherein the second pressure is greater
than the first pressure; a relief valve connected to a pressure line and configured to open
when the first pressure reaches a predetermined amount; and a conduit connected to the relief
valve and configured to deliver a pressurized substance to open a pilot valve associated with
the second bank of accumulators when the relieve valve opens.

[0019] According to another exemplary embodiment, there is yet another system
configured to shear an object in a blowout preventer. The system includes: a position sensor
configured to monitor a position of a ram block in the blowout preventer and to transmit the
position of the ram block to a controller; a first bank of accumulators configured to provide a
first pressure to move the ram block until the ram block is substantially in contact with the
object; a second bank of accumulators configured to provide a second pressure to move the

ram block to shear the object, wherein the second pressure is greater than the first pressure;

and the controller is configured to calculate a velocity of the ram block and to sequentially
control the first bank of accumulators to move the ram block until the velocity of the ram
block is substantially zero and to then control the second bank of accumulators to move the

ram block to shear the object.




[OOSO]F!gure 9 shows an accumulator system with a relief valve according to exemplary embodiments;
_[0031]F|gure 10 shows a control system according to exemplary embodiments; and [0032]Figure 11 ’
illustrates a method flowchart for shearing a drill string in a well according to exemplary embodiments
DETAILED DESCRIPTION [0033]The following detailed description of the exemplary embodiments -
refers to the_accompanying drawings. The same reference numbers in different drawings identify the
same or similar elements. Additionally, the drawings are not necessarily drawn to scale. Also, the

following detailed description does not limit the invention. Instead, the i ion i i
- ) scope of th
by the appended claims. p e invention is defined

[0020] According to another exemplary embodiment, there is yet another system
configured to shear an object in a blowout preventer. The system includes: a lower marine
riser package (LMRP); a multiplexor (MUX) pod attached to the LMRP and configured to
provide functions to the BOP; the BOP configured to shear the object with a ram block; a
position sensor configured to monitor a position of the ram block and to transmit the position
of the ram block to a controller; a first bank of accumulators configured to provide a first
pressure to move the ram block until the ram block is substantially in contact with the object;
a second bank of accumulators configured to provide a second pressure to further move the
ram block to shear the object, wherein the second pressure is greater than the first pressure;
and the controller is disposed in the MUX pod and configured to sequentially control the first
bank of accumulators to move the ram block until the ram block is substantially in contact
with the object and to then control the second bank of accumulators to move the ram block to
shear the object.

[0021] According to another exemplary embodiment, there is a method to shear an object
in a blowout preventer. The method includes: determining a need to shear the object;
monitoring a position of a ram block of the blowout preventer; transmitting the position of
the ram block to a controller; providing a first pressure from a first bank of accumulators to
move the ram block until the ram block is in contact with the object; providing a second
pressure from a second bank of accumulators to move the ram block to shear the object; and

shearing the object.
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[0034]Reference throughout the specification to "one embodiment” or "an embodiment" means that a
particular feature, structure, or characteristic described in connection with an embodiment is included
in at least one embodiment of the subject matter disclosed Thus, the appearance of the phrases "in
one embodiment” or "in an embodiment” in various places throughout the specification is not
necessarily referring to the same embodiment. Further, the particular features, structures or
characteristics may be combined in any suitable manner in one or more embodiments. [0035]As
described in the Background section, as the charge in an accumulator is expended, the remaining
pressure available from the accumulator is reduced. Systems and methods, according to exemplary
embodiments, can have a desired pressure available for allowing a ram block to shear a drill string in a
well from the accumulator (or bank of accumulators) whenever desired as well as providing control
systems for their use. Exemplary systems and methods will generally operate in undersea well
environments as shown in and described with respect to Figures 1-3. 100361According to an
exemplary embodiment shown in Figure 5, accumulators used on an undersea rig can be split into
two groups of accumulators: a working group of accumulators 502 (which can include one or more

accumulators and has lower PREGRIrDIEGEIREFEIN 8 THRYSHENR{@am block without shearing)
and a high pressure group of accumulators 504 (which can be one or more accumulators and has
higher pressi@@2gquirgiertoithdeyiexamppgsieatatoslnsAessibathithibe Bagkground section,

an initial discharge from an accumulator is at its highest pressure discharge. Therefore, according to

exemplary efp@ajimerttiguthe Warkingngrot gisiraecomuaiots RRAcshsusgd for any general working
duties which do not require high pressure, e.g., moving a shear ram block 506 located within the shear

ram bonnet BG4 a cbigaet2iositonewitticad tigilastrita 0Bt (sle pipe) TR fuigh pressure group of
accumulators 504 can be used for operations requiring a high initial burst of pressure, e.g., shearing
the drill strinl9&58 and/egupipkinftecttmatiokimgagiclipsboRnhas-paditionad phesatsr ROR)506 next to
the drill strir;? 508. For one example, the working group of accumulators 502 could have a pressure of

substantially? 300spdiofP@17 4k} atedln end of a stroke (complete shut off) and the high pressure group

of accumulators could have a pressure of substantially 4000 psi (275.8 bar) at the end of its stroke.
The end of tf82&toke Figurschilbrbiats yraupsafracsumeiaiomsdswrewhie ysagublackBOistin contact

with the drill strin? 508 or pipe. The end of the stroke for the high pressure
[0027 Figure'S depicts an accumulator system with a position sensor according to

exemplary embodiments;

[0028] Figures 6 and 7 show a cylinder head and sensor arrangement according to
exemplary embodiments;

[0029] Figure 8 depicts an accumulator system with a pressure sensor according to
exemplary embodiments;

[0030] Figure 9 shows an accumulator system with a relief valve according to exemplary
embodiments;

[0031] Figure 10 shows a control system according to exemplary embodiments; and
[0032] Figure 11 illustrates a method flowchart for shearing a drill string in a well

according to exemplary embodiments.
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group of accumulators 504 occurs when the drill string 508 is sheared and the two ram blocks 506 are
in contact with each other. 100371An associated initial burst of pressure required to shear the drill
string 508 can be determined by the diameter of the element(s), e.g., pipe and/or a drill string 508, and
associated material properties of the element(s). Therefore, various ranges of pressure configurations
can be used for both the working group of accumulators 502 and the high pressure group of
accumulators 504 such as an initial pressure, i.e., the initial pressure prior to any use, can be in the
range of 1500- 6000 psi (103.4 - 413.7 bar) or more. According to an alternative exemplary
embodiment, the initial pressure of the high pressure group of accumulators can be in the range of
4000-5500 psi (275.8 - 379.2 bar). The working group of accumulators 502 and the high pressure
group of accumulators 504 can be at a same or different starting pressure as desired. The high
pressure accumulators 504 can also be tied in to the entire pressure system in such a manner as to
selectively allow the use of the high pressure accumulators 504 with other rams and well functions as

desired. DETAILED DESCRIPTION

[0033] The following detailed description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify the
same or similar elements. Additionally, the drawings are not necessarily drawn to scale.
Also, the following detailed description does not limit the invention. Instead, the scope of
the invention is defined by the appended claims.

[0034] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject matter
disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an embodiment”
in various places throughout the specification is not necessarily referring to the same
embodiment. Further, the particular features, structures or characteristics may be combined
in any suitable manner in one or more embodiments.

[0035] As described in the Background section, as the charge in an accumulator is
expended, the remaining pressure available from the accumulator is reduced. Systems and
methods, according to exemplary embodiments, can have a desired pressure available for
allowing a ram block to shear a drill string in a well from the accumulator (or bank of

accumulators) whenever desired as well as providing control systems for their use.
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[0038]When moving the ram block 506 it can be desirable to know the exact position of the ram block
506 in support of, for example, deciding when to switch from the working group of accumulators 502 to
the high pressure group of accumulators 504. According to an exemplary embodiment, a position
sensor 512 can be used to determine the position of the ram block 506 within the ram bonnet 510.
Figures 6 and 7 illustrate a cylinder head and sensor arrangement according to embodiments
disclosed herein. Cylinder head 602 may be connected to cylinder 604. Piston 606, shown in its fully
opened position, may be connected to piston tail 608 which has a piston tail bore 610 extending at
least partially through piston tail 608. Magnet assembly 612 may be concentric with and attached to
piston tail 608 via screws 614, e.g., hon-magnetic screws in some embodiments. A spacer 616, such
as an o-ring, may be placed between magnet assembly 612 and piston tail 608. Magnet assembly 612
e B L AR o SR R AN 0, S 0, O oS Rimi lner head

602, and may at least partially extend into t iston taif'bore of piston

100391 AdditippailyinacPadusiing \?Iﬁmgéf&%@{%’ﬁf (hat shown) may be located through the center of
waveguide tube 618. Both the wire and waveguide tube 618 may be connected to a transducer 620,

located exte[oesép cylindesiaad oaze el @rmmmﬂmﬁrp%ﬁﬁ%; 406 HRRRAUCEL paD may

also be configured to place an interrogation electrical current pulse on the conducting wire. As ram 624
moves axialbh pistesetail S0H 8adNAERELASSRHAIN: P2 Axiak MoVE She AR, Aeunt. Thus by the

operation of the magnetostrictive sensor disposed therein, it is possible to determine the position of the

ram 624 anditwenae:ioes positiwhie tag Famddopk SPMONR AEONHNMAYSRARLS ITwelheEas, according
to exemplary embodiments, the above described system can act as position sensor 512. More

information regairdinenthiis. exemplaiynsysterangdobie Wowad:ishkki$h f aterd KipRliratior$#6@ prmber
11/675,861 entitled "RAM BOP Position Sensor" filed on February 16, 2007, the contents of which are
incorporatedérareinabyyéfer émbizhHamniavere otheoraatbonis tnsdetermininglifiepasition of the ram
block 506 can also be used as desired.

requirements to, for example, shear a tool). As described in the Background section, an

initial discharge from an accumulator is at its highest pressure discharge. Therefore,

according to exemplary embodiments, the working group of accumulators 502 can be used

for any general working duties which do not require high pressure, e.g., moving a shear ram

block 506 located within the shear ram bonnet 510 to a contact position with a drill string

508 (or pipe). The high pressure group of accumulators 504 can be used for operations

requiring a high initial burst of pressure, e.g., shearing the drill string 508 and/or pipe after

the working group 502 has positioned the ram block 506 next to the drill string 508. For one

example, the working group of accumulators 502 could have a pressure of substantially 300

psi (20.7 bar) at an end of a stroke (complete shut off) and the high pressure group of

accumulators could have a pressure of substantially 4000 psi (275.8 bar) at the end of its

stroke. The end of the stroke for the working group of accumulators is when the ream block

506 is in contact with the drill string 508 or pipe. The end of the stroke for the high pressure
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[0040]According to an exemplary embodiment, the position sensor 512 can be used to determine
when to switch from the working group of accumulators 502 to the high pressure group of
accumulators 504. As previously described, according to exemplary embodiments, the working group
of accumulators 502 can be used for any general working duties which do not require high pressure,
e.g., moving a shear ram block 506 located within the shear ram bonnet 510 to a contact position with
a drill string 508 (or pipe), and the high pressure group of accumulators 504 can be used for
operations requiring a high initial burst of pressure, e.g., shearing a drill string 508 and/or pipe.
Position sensor 512 can determine the location of the ram block 506 and transmit this information to a
controller (see controller 1002 in Figure 10 which is described in more detail below). When the location
of the ram block 506 reaches a certain position which indicates that the ram block 506 is in contact
with the pipe or drill string 508 (or some other predetermined ition), the co l# valve
514 and opeSHROVARAEBY BRI BRSNS ’hfaﬁéflgr%rslgﬁrge8§)1% %%I%r%ﬁeax?g}ﬁ % %&?ngg) ?(())ms%ear the
drill string 508. [0041]According to another exemplary embodiment, a pressure sensor 802 can be
used to detertf @Wﬁ&%@%&h%ﬁ%‘%‘working group of accumulators 502 to the high pressure

group of accumulators 504 as shown.in Figure 8. As previously desgribed. anposding $osesmelary
embodimentd Ot workMg st H% f’ggéalfr?\tflsét%% ' SE 16?5” e used for any general working duties

which do not require high pressure, e.d.,,mayi rgmLblaek20kilesaisd yohimdhe shear ram
bonnet 510 t %%5%?5 ?D (?&?t%ﬁn\}\?ifteﬁ a éﬁ?lgs}%r?r%rﬁé%%(%rr g’%]é), andr thelhigh pgessure group of

accumulators, 504 2 be 4sad Ioraneraiansdeduiing ariabrinlishhuistal gresspiaseg.. shearing a
drill string 508°ENaioT pipe. Pressure sensor 802 can determine the amount of pressure being exerted

by the ram blocle506 and wAnSMitdiR,MHGIMAING L iR coRtERlRL (ARe:cas0liand 082tiniFigure 10

which is describe& in more detail below). Pressure sensor 802 can be an absolute or differential

pressure trangducer é@@&?'&ﬁ@&%@ﬁ%ﬁ eSO S UEe MR ANBssups kel eeninieid] pmesunt, @igr,
approximately 750 psi (51.7 bar), which indicates that the ram block 506 is in contact with the pipe or

drill string 508, Hﬁ?{ Gantolek clasesdhe valvsob 146800 aperts the vilve hitbowiicts releaswing Higher
pressure to allow the ram block 506 to shear the drill string 508. According to other exemplary

embodiments, pthempressuenyalesnaa s etk fortheppreteteritinddshmosnt g aiggtring the
controller 1002 to release the high pressure. For example, the predetermined amount can be an
adjustable prgssutf GesHeHAHB safiwaiteised0pFE0eeatiGTSr810029.7 v al [Bheserking feuBility of
having different pressure set points for different operating environments. [0042]According to exemplary
embodiments, the: pRsiiestsseidh2 kigh prespressore sérsom8i2esddbaasdd i 488 system.
The position sensor 512 and the pressure sensor 802 can remain as separate redundant systems
(though contrgig@ant barititegratedrassdiesired). The high pressure accumulators 504 can also be tied in

to the entire pressure system in such a manner as to selectively allow the use of the high
pressure accumulators 504 with other rams and well functions as desired.

[0038] When moving the ram block 506 it can be desirable to know the exact position of
the ram block 506 in support of, for example, deciding when to switch from the working
group of accumulators 502 to the high pressure group of accumulators 504. According to an
exemplary embodiment, a position sensor 512 can be used to determine the position of the
ram block 506 within the ram bonnet 510. Figures 6 and 7 illustrate a cylinder head and

sensor arrangement according to embodiments disclosed herein. Cylinder head 602 may be
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According to an alternative exemplary embodiment, the position sensor 512 could also include the
pressure transducer allowing them to be integrated in a same device. [0043]According to another
exemplary embodiment, a valve can be used to automatically switch over from the working group of
accumulators 502 to the high pressure group of accumulators 504 for shearing a drill string as shown
in Figure 9. Initially, the MUX pod (shown in Figure 10 as MUX pod 1008 and described in more detail
below) decides to or receives instructions to, shear the drill string 508. The working group of
accumulators 502 is used to move the ram block 506 into contact with the drill string 508. Once the
ram block 506 is in contact with the drill string 508, the pressure in the cavity 904 increases while the
working group of accumulators 502 is open since the pressure provided is not enough to force the ram
block 506 to shear the drill string 508 which keeps the available volume constant. When this pressure
reaches a presieienginedyialie, 684. PIEORsIEShaiai.id #alye SR (e &kitR R MR e nARERS Which

allows some of the pressurized medium from the working group of accumulators 502 via pipe 906, to

open the valuerhd6tn Wihenstheivaliies a3stsropanede 10 pressinzed caadinmairomhesRigipressure
group of accumulators 504 moves the ram block 506 allowing it to shear the drill string 508. According

to other exeapléafg evibgdineniapdtite piessurenedues cathbadisedhod tboRpieseirBoneEd amount for
triggering the valve 902. For example, the valve 902 can have a range through which the
predeterminédram @At can e avjgstablycsstssuchras cmisedipritts rangeaofr3NG; 1adkpsh §20.7- 68.9
bar). This allows for the flexibility of having different pressure set points for different operating
environmentNEO¥A| e pliagih getor esenmggaey asminbdim éA s 1depcomiralisy@ie v 489Gt @sesiidwn in Figure
10 can be used to determine when to used which group of accumulators for moving the ram block 506.
A controller 04 avcidededvretaraisrmanRand atatentonweeesyiSofuleard Sonapbedticaethe control
system 1001 can be stored in the memory 1006 and executed by the processor 1002. The controller
1010 is showH iABRSEAE ardtmanUikasbrrIiGols, dxésodvatotie oierotiér g 6 ke pistobirlbcated at
a surface unit where an operator can interface with the system, or at both locations. The system can
be fully autoﬁqgted, manually operated or some combination thereof The control system 1001 shows
the MUX po&)é}rg 8in o%munications with valves 514, 516 and a sensor 1004 which may be either
the position r 512940 BRUY OB SEIGREOE SHBIOY ThewiB: MR &8 Iaearsbdipkehunctions of

both the post'gion sensar 512 and the pressure sensor 802, [0045]For ease of description, the following

exemplary embaHRentS WIEBE GRS IR, HatHisetitramdhayssitide e Sram nermagesdy
o P S et AOoheeno o i descabed, ot optons
e A e et ot e m ot
pulse on the conducting wire. As ram 624 moves axially, piston tail 608 and magnet
assembly 612 axially move the same amount. Thus by the operation of the magnetostrictive
sensor disposed therein, it is possible to determine the position of the ram 624 and hence the
position of the ram block 506 on a continuous basis. In other words, according to exemplary
embodiments, the above described system can act as position sensor 512. More information

regarding this exemplary system can be found in U.S. Patent Application serial number

11/675,861 entitled “RAM BOP Position Sensor” filed on F ebruary 16, 2007, the contents of
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include the functions of current MUX pods to include, but not be limited by, the information described
in the Background section. 100461According to another exemplary embodiment, the velocity of the
ram block 506 can be monitored by the controller 1010 for use in determining when to close the valve
514 and open the valve 516 which releases a higher pressure to allow the ram block 506 to shear the
drill string 508. As described above, the position sensor 512 is in communications with the controller
1010 which allows the controller 1010 to have real time position information of the ram block 506. A
distance travelled over time can be derived by the controller 1010 (since position and time information
is available to the controller 1010) which then allows for calculating the velocity of the ram block 506.
When the ram block 506 is in contact with the drill string 508 and/or pipe the velocity of the ram block
506 goes to zero. When the calculated velocity is zero or approaching zero (or any other velocity set
point desired) the controller 1010 may he configure val alve 516
which releasévsPl 8 |aé ('aanBF %rsaltjerg l%graﬁgov?; {ﬁgrr%l%nebﬂlggk&é%gée’ t%%ﬁ&%?%iﬁ%ﬁ?ﬁ? ; ¢

100471According 0 eXGmBIAMSPRRHIMENIS, 139,01V e 1908 receives information regarding

various paral%eters associate an undersea well. When information (either locally gathered or

remotely Se”@?ﬂ@éﬁ“%é‘@&%ﬂg BAPsBeeRLP hertlonat e MR ho0s cansestiatdhe shear
0 ,

ram block 50 ear the well, including any drill strings that may be in the well, to allow for future

sealing of thewgll; [0Q4RIMIZRQ thR Ay ARsAEkesL B MRan: RIRXSIMeNR: Bighetedfor

shearing an object in a blowout preventer is shown In the flowchart of Figure 11. The method for

shearing the ghjectineclifesapstenl 102 pé delermnisiogrdaecbiaishenetbr sibigctnacstiepd04 of
monitoring a position of a ram block of the blowout preventer; a step 1306 of transmitting the position

of the ram blggkeRiceniallest acstenlton shpravitingai fitstapressierel frankmdicsttivankhih do
accumulators to move the ram block until the ram block is in contact with the object; a step 1110 of
providing a seeoRdpre Bt erianra sgcans hankshtavaumbibatoFeddonatadtwith inaire sheek tashear the
object; and a step 1112 of shearing the object. Upon completion of shearing, the ram block(s) 506 will
be in contactbwitheeath othesmanet fosifibl ¥ itod dribwisid®o8this frpsh anibthedtieh peassivedrfdn the
position sensor 512, allowing the MUX pod 1008 to then use either group of accumulators 502 and
504 as of accumulators 504 can be used for operations requiring a high initial burst of pressure, e.g.,

shearing a drill string 508 and/or pipe. Position sensor 512 can determine the location of the

ram block 506 and transmit this information to a controller (see controller 1002 in Figure 10

which is described in more detail below). When the location of the ram block 506 reaches a

certain position which indicates that the ram block 506 is in contact with the pipe or drill

string 508 (or some other predetermined position), the controller closes the valve 514 and

opens the valve 516 which releases a higher pressure to allow the ram block 506 to shear the

drill string 508.

[0041] According to another exemplary embodiment, a pressure sensor 802 can be used

to determine when to switch from the working group of accumulators 502 to the high

pressure group of accumulators 504 as shown in Figure 8. As previously described,

according to exemplary embodiments, the working group of accumulators 502 can be used
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desired. [0049]According to exemplary embodiments, using the above described exemplary systems
and methods the quantity (or overall volume) of the accumulators used for shearing a tool can be
reduced. Since a high pressure group of accumulators 504 are "kept in reserve" for use to shear a
pipe and/or drill string 508, fewer accumulator bottles can be stored at the undersea well site. The
guantity/size of accumulator bottles used in the high pressure group of accumulators 504 is dependent
upon what is expected to be sheared and therefore the reduction of the quantity/size of accumulator
bottles will vary for each specific application. [0050]The above-described exemplary embodiments are
intended to be illustrative in all respects, rather than restrictive, of the present invention. Thus the
present invention is capable of many variations in detailed implementation that can be derived from the
description contained herein by a person skilled in the art. All such variations and modifications are

considered t@obenyigeitiieerring anckshitlaldhadiesant Nyaionas defined hydhefeliowing claims.

No element, act, or instruction used in the description of the present application should be construed

as critical or eisskis0alitedha inieintian dmlessmxicitlsdessrRedas puGhoAWRnaHseS Hgrein, the
article "a" is intended to include one or more items. [0051]This written description uses examples of

the subject ma&érhigaipsead thedngbleanypgrean dkdiachinlthe asdiaparticr derspaaissluding
making and using any devices or systems and performing any incorporated methods. The patentable

scope of thersabieag mbigerindtidelimsddipttwctnions, siddnay hdiudarpibes exampiasthat occur to

those skilled in the art. Such other examples are intended to be within the scope of the claims.
Pressure sensor 802 can determine the amount of pressure being exerted by the ram block
506 and transmit this information to the controller (see controller 1002 in Figure 10 which is
described in more detail below). Pressure sensor 802 can be an absolute or differential
pressure transducer. When the pressure becomes greater than a predetermined amount, e.g.,
approximately 750 psi (51.7 bar), which indicates that the ram block 506 is in contact with
the pipe or drill string 508, the controller closes the valve 514 and opens the valve 516 which
releases a higher pressure to allow the ram block 506 to shear the drill string 508. According
to other exemplary embodiments, other pressure values can be used for the predetermined
amount for triggering the controller 1002 to release the high pressure. For example, the
predetermined amount can be an adjustable pressure set point in software used by the
controller 1002. This allows for the flexibility of having different pressure set points for
different operating environments.
[0042] According to exemplary embodiments, the position sensor 512 and the pressure

sensor 802 can be used in a same system. The position sensor 512 and the pressure sensor

802 can remain as separate redundant systems (though controls can be integrated as desired).
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C_:LAIMS I. A system configured to move a ram block in a blowout preventer, the system comprising: a
first bank of accumulators configured to provide a first pressure to move the ram block; a second .
bank of accumulqtors configured to provide a second pressure to move the ram block,’wherein the
seco_nd pressure is greater than the first pressure; and a controller configured to sequentially control
the first bank of accumulators to apply pressure to move the ram block and to then control the second
bank of accumulators to move the ram block after the first bank of accumulators has moved the ram
block a first distance. 2. The system of claim I, further comprising:

According to an alternative exemplary embodiment, the position sensor 512 could also
include the pressure transducer allowing them to be integrated in a same device.

[0043] According to another exemplary embodiment, a valve can be used to
automatically switch over from the working group of accumulators 502 to the high pressure
group of accumulators 504 for shearing a drill string as shown in Figure 9. Initially, the
MUX pod (shown in Figure 10 as MUX pod 1008 and described in more detail below)
decides to or receives instructions to, shear the drill string 508. The working group of
accumulators 502 is used to move the ram block 506 into contact with the drill string 508.
Once the ram block 506 is in contact with the drill string 508, the pressure in the cavity 904
increases while the working group of accumulators 502 is open since the pressure provided is
not enough to force the ram block 506 to shear the drill string 508 which keeps the available
volume constant. When this pressure reaches a predetermined value, e.g., 750 psi (51.7 bar),
a valve 902, e.g., a relief valve, opens which allows some of the pressurized medium from
the working group of accumulators 502 via pipe 906, to open the valve 516. When the valve
516 is opened, the pressurized medium from the high pressure group of accumulators 504
moves the ram block 506 allowing it to shear the drill string 508. According to other
exemplary embodiments, other pressure values can be used for the predetermined amount for
triggering the valve 902. For example, the valve 902 can have a range through which the

predetermined amount can be adjustably set, such as, a set point range of 300 — 1000 psi
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a sensing means in communications with the controller, the sensing means configured to determine a

- location of the ram block. 3. The system of claim 2, wherein the sensing means is at least one of a
pressure sensor and a position sensor. 4. The system of claim 1, wherein the first distance; isa
distance traveled by the ram block from an initial open position to a position proximate to either a tool
or a drill string. 5. The system of claim 1, further comprising: a first valve configured to open and close
the first bank of accumulators, wherein the first valve is in communications with the controller; and a
second valve configured to open and close the second bank of accumulators, wherein the second
valve is in communications with the controller. 6. The system of claim 1, wherein the controller is

located on a multiplexor (MUX) pod.
(20.7 — 68.9 bar). This allows for the flexibility of having different pressure set points for
different operating environments.
[0044] According to exemplary embodiments, a control system 1001 as shown in Figure
10 can be used to determine when to used which group of accumulators for moving the ram
block 506. A controller 1010 includes a processor 1002 and a memory 1006. Software for
operating the control system 1001 can be stored in the memory 1006 and executed by the
processor 1002. The controller 1010 is shown to be located on the MUX pod 1008, however
the controller 1010 can also be located at a surface unit where an operator can interface with
the system, or at both locations. The system can be fully automated, manually operated or
some combination thereof. The control system 1001 shows the MUX pod 1008 in
communications with valves 514, 516 and a sensor 1004 which may be either the position
sensor 512, the pressure sensor 802 or a combined device which includes the functions of
both the position sensor 512 and the pressure sensor 802.
[0045] For ease of description, the following exemplary embodiments will be generally
described from the point of view of an automatically operated system controlled by the MUX
pod 1008, however, as previously described, other options can be performed with the
exemplary embodiments described herein. Communication links can be electrical,
mechanical, hydraulic and/or combinations thereof. Additionally, while not described in

detail in this section, it is to be understood that the MUX pod 1008 can also operate and
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_7. The system of claim 6, wherein the controller comprises: a processor for executing software
instructions for controlling the first and second banks of accumulators for moving the ram block; and a
memory which stores the software instructions. 8. The system of claim 1, wherein the second b’ank of
accumulators are configured to be connected to an entire pressure system as to selectively allow use
of the _second bank of accumulators with other rams and well functions. 9. The system of claim 1
wherein the ram block is a shear ram block located in the blowout preventer. 10. A system confiéured
to shear an object in.a blowout preventer, the system comprising: a pressure sensor configured to
monitor a first pressure applied on a ram block of the blowout preventer and to transmit a signal
representative of the first pressure to a controller; '

include the functions of current MUX pods to include, but not be limited by, the information
described in the Background section.

[0046] According to another exemplary embodiment, the velocity of the ram block 506
can be monitored by the controller 1010 for use in determining when to close the valve 514
and open the valve 516 which releases a higher pressure to allow the ram block 506 to shear
the drill string 508. As described above, the position sensor 512 is in communications with
the controller 1010 which allows the controller 1010 to have real time position information of
the ram block 506. A distance travelled over time can be derived by the controller 1010
(since position and time information is available to the controller 1010) which then allows for
calculating the velocity of the ram block 506. When the ram block 506 is in contact with the
drill string 508 and/or pipe the velocity of the ram block 506 goes to zero. When the
calculated velocity is zero or approaching zero (or any other velocity set point desired) the
controller 1010 may be configured to close the valve 514 and opens the valve 516 which
releases a higher pressure to allow the ram block 506 to shear the drill string 508.

[0047] According to exemplary embodiments, the MUX pod 1008 receives information
regarding various parameters associated with an undersea well. When information (either
locally gathered or remotely sent) indicates that the BOPs need to be closed, the MUX pod
1008 can control the shear ram block 506 to shear the well, including any drill strings that

may be in the well, to allow for future sealing of the well.
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a first bank of accumulators configured to provide a second pressure to move the ram block until the
ram block is substantially in contact with the object; a second bank of accumulators configured to
provide a third pressure to move the ram block to shear the object, wherein the third pressure is
greater than the second pressure; and the controller is configured to sequentially control the first
bank of accumulators to move the ram block until the first pressure reaches a predetermined value
and to then control the second bank of accumulators to move the ram block to shear the object. 1L
The system of claim 10, wherein the object is at least one of a tool or a drill string. 12. The system of
claim 10, further comprising: a first valve configured to open and close the first bank of
accumulators, wherein the first valve is in communications with the controller; and a second valve
configured to open and close the second bank of accumulators, wherein the second valve is in

communicatipsgyith theisenyalehndd diemsitRabHA-bIIGIEM theronitplftisiiocated on a
multiplexor (MUX) pod.
object in a blowout preventer is shown in the flowchart of Figure 11. The method for

shearing the object includes: a step 1102 of determining a need to shear the object; a step
1104 of monitoring a position of a ram block of the blowout preventer; a step 1306 of
transmitting the position of the ram block to a controller; a step 1108 of providing a first
pressure from a first bank of accumulators to move the ram block until the ram block is in
contact with the object; a step 1110 of providing a second pressure from a second bank of
accumulators to move the ram block to shear the object; and a step 1112 of shearing the
object. Upon completion of shearing, the ram block(s) 506 will be in contact with each other
and the MUX pod knows 1008 this from information received from the position sensor 512,
allowing the MUX pod 1008 to then use either group of accumulators 502 and 504 as
desired.

[0049] According to exemplary embodiments, using the above described exemplary
systems and methods the quantity (or overall volume) of the accumulators used for shearing a
tool can be reduced. Since a high pressure group of accumulators 504 are “kept in reserve”
for use to shear a pipe and/or drill string 508, fewer accumulator bottles can be stored at the
undersea well site. The quantity/size of accumulator bottles used in the hi gh pressure group
of accumulators 504 is dependent upon what is expected to be sheared and therefore the

reduction of the quantity/size of accumulator bottles will vary for each specific application.
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_14. The_ system of claim 13, wherein the controller comprises: a processor for executing software
mstructlonslfor controlling the first and second banks of accumulators for moving the ram block; and a
memory which stores the software instructions. 15. The system of claim 10, wherein the secon’d bank
of accumulators are configured to be connected to an entire pressure syster’n as to selectively allow
use of the_second bank of accumulators with other rams and well functions. 16. The system of claim
10, v_vhereln the ram block is a shear ram block located in a blowout preventer (BOP). 17. A system
configured to shear an object in a blowout preventer, the system comprising: a first b;ank.of g
accumulgtors configured to provide a first pressure to move a ram block until the ram block is
substantially in contact with the object; a second bank of accumulators configured to provide a
second pressure to move the ram block to shear the object, wherein the second pressure is greater

e 1 AT S GRS e oo penen
respects, rather than restrictive, of the present invention. Thus the present invention is
capable of many variations in detailed implementation that can be derived from the
description contained herein by a person skilled in the art. All such variations and
modifications are considered to be within the scope and spirit of the present invention as
defined by the following claims. No element, act, or instruction used in the description of the
present application should be construed as critical or essential to the invention unless
explicitly described as such. Also, as used herein, the article “a” is intended to include one or
more items.

[0051] This written description uses examples of the subject matter disclosed to enable
any person skilled in the art to practice the same, including making and using any devices or
systems and performing any incorporated methods. The patentable scope of the subject

matter is defined by the claims, and may include other examples that occur to those skilled in

the art. Such other examples are intended to be within the scope of the claims.
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a conduit connected to the relief valve and configured to deliver a pressurized substance to open a
pilot valve associated with the second bank of accumulators when the relieve valve opens. 18. The
system of claim 17, wherein the first bank of accumulators are not fully charged. 19. The system of
claim 17, wherein the second bank of accumulators are configured to be connected to an entire
pressure system as to selectively allow use of the second bank of accumulators with other rams and
well functions. 20. A system configured to shear an object in a blowout preventer, the system
comprising: a position sensor configured to monitor a position of a ram block in the blowout preventer
and to transmit the position of the ram block to a controller; a first bank of accumulators configured to
provide a first pressure to move the ram block until the ram block is substantially in contact with the
object; a second bank of accumulators configured to provide a second pressure to move the ram block
to shear the glbjagivigherein the second pressure is greater than the first pressure; and the controller is
configured to calculate a velocity of the ram block and to sequentially

1. A system configured to move a ram block in a blowout preventer, the system comprising:
a first bank of accumulators configured to provide a first pressure to move the ram block:
a second bank of accumulators configured to provide a second pressure to move the ram
block, wherein the second pressure is greater than the first pressure; and
a controller configured to sequentially control the first bank of accumulators to apply
pressure to move the ram block and to then control the second bank of accumulators to move

the ram block after the first bank of accumulators has moved the ram block a first distance.
2. The system of claim I, further comprising:
a sensing means in communications with the controller, the sensing means configured to

determine a location of the ram block.

3. The system of claim 2, wherein the sensing means is at least one of a pressure sensor and

a position sensor.

4. The system of claim 1, wherein the first distance is a distance traveled by the ram block

from an initial open position to a position proximate to either a tool or a drill string.
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control the first bank of accumulators to move the rain block until the velocity of the ram block is
substa_ntlally zero and to then control the second bank of accumulators to move the ram block to shear
the ob!ept. 21. A system configured to shear an object in a blowout preventer (BOP), the system
comprising: a Iowe_r marine riser package (LMRP); a multiplexor (MUX) pod attached to the LMRP and
configured to provide functions to the BOP; the BOP configured to shear the object with a ram block;

5. The system of claim 1, further comprising:

a first valve configured to open and close the first bank of accumulators, wherein the first

valve is in communications with the controller; and

a second valve configured to open and close the second bank of accumulators, wherein

the second valve is in communications with the controller.
6. The system of claim 1, wherein the controller is located on a multiplexor (MUX) pod.

7. The system of claim 6, wherein the controller comprises:

a processor for executing software instructions for controlling the first and second banks
of accumulators for moving the ram block; and

a memory which stores the software instructions.

8. The system of claim 1, wherein the second bank of accumulators are configured to be
connected to an entire pressure system as to selectively allow use of the second bank of

accumulators with other rams and well functions.

9. The system of claim 1, wherein the ram block is a shear ram block located in the blowout

preventer.
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a position sensor configured to monitor a position of the ram block and to transmit the position of the
ram block to a controller; a first bank of accumulators configured to provide a first pressure to move
the ram block until the ram block is substantially in contact with the object; a second bank of
accumulators configured to provide a second pressure to further move the ram block to shear the
object, wherein the second pressure is greater than the first pressure; and the controller is disposed in
the MUX pod and configured to sequentially control the first bank of accumulators to move the ram
block until the ram block is substantially in contact with the object and to then control the second bank
of accumulators to move the ram block to shear the object.

10. A system configured to shear an object in a blowout preventer, the system comprising:

a pressure sensor configured to monitor a first pressure applied on a ram block of the
blowout preventer and to transmit a signal representative of the first pressure to a controller;
a first bank of accumulators configured to provide a second pressure to move the ram

block until the ram block is substantially in contact with the object;
a second bank of accumulators configured to provide a third pressure to move the ram
block to shear the object, wherein the third pressure is greater than the second pressure; and
tﬁe controller is configured to sequentially control the first bank of accumulators to move
the ram block until the first pressure reaches a predetermined value and to then control the

second bank of accumulators to move the ram block to shear the object.

11. The system of claim 10, wherein the object is at least one of a tool or a drill string.

12. The system of claim 10, further comprising:

a first valve configured to open and close the first bank of accumulators, wherein the first
valve is in communications with the controller; and

a second valve configured to open and close the second bank of accumulators, wherein

the second valve is in communications with the controller.

13. The system of claim 10, wherein the controller is located on a multiplexor (MUX) pod.
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22. A method for shearing an object in a blowout preventer, the method comprising: determining a
need to_shear the object; monitoring a position of a ram block of the blowout preventer; transmitting
the position of the ram block to a controller; providing a first pressure from a first bank of accumulators
to move the ram block until the ram block is in contact with the object; providing a second pressure
frg_m ?second bank of accumulators to move the ram block to shear the object; and shearing the
object.

14. The system of claim 13, wherein the controller comprises:

a processor for executing software instructions for controlling the first and second banks

of accumulators for moving the ram block; and

a memory which stores the software instructions.

15. The system of claim 10, wherein the second bank of accumulators are configured to be
connected to an entire pressure system as to selectively allow use of the second bank of

accumulators with other rams and well functions.

16. The system of claim 10, wherein the ram block is a shear ram block located in a blowout

preventer (BOP).

17. A system configured to shear an object in a blowout preventer, the system comprising:
a first bank of accumulators configured to provide a first pressure to move a ram block
until the ram block is substantially in contact with the object;
a second bank of accumulators configured to provide a second pressure to move the ram
block to shear the object, wherein the second pressure is greater than the first pressure;

a relief valve connected to a pressure line and configured to open when the first pressure

reaches a predetermined amount; and
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a conduit connected to the relief valve and configured to deliver a pressurized substance

to open a pilot valve associated with the second bank of accumulators when the relieve valve

opens.

18. The system of claim 17, wherein the first bank of accumulators are not fully charged.

19. The system of claim 17, wherein the second bank of accumulators are configured to be
connected to an entire pressure system as to selectively allow use of the second bank of

accumulators with other rams and well functions.

20. A system configured to shear an object in a blowout preventer, the system comprising:
a position sensor configured to monitor a position of a ram block in the blowout
preventer and to transmit the position of the ram block to a controller;
a first bank of accumulators configured to provide a first pressure to move the ram block
until the ram block is substantially in contact with the object;
a second bank of accumulators configured to provide a second pressure to move the ram
block to shear the object, wherein the second pressure is greater than the first pressure; and
the controller is configured to calculate a velocity of the ram block and to sequentially

control the first bank of accumulators to move the ram block until the velocity of the ram
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block is substantially zero and to then control the second bank of accumulators to move the

ram block to shear the object.

21. A system configured to shear an object in a blowout preventer (BOP), the system
comprising:

a lower marine riser package (LMRP);

a multiplexor (MUX) pod attached to the LMRP and configured to provide functions to
the BOP;

the BOP configured to shear the object with a ram block;

a position sensor configured to monitor a position of the ram block and to transmit the
position of the ram block to a controller;

a first bank of accumulators configured to provide a first pressure to move the ram block
until the ram block is substantially in contact with the object;

a second bank of accumulators configured to provide a second pressure to further move
the ram block to shear the object, wherein the second pressure is greater than the first
pressure; and

the controller is disposed in the MUX pod and configured to sequentially control the first
bank of accumulators to move the ram block until the ram block is substantially in contact

with the object and to then control the second bank of accumulators to move the ram block to

shear the object.
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22. A method for shearing an object in a blowout preventer, the method comprising:

determining a need to shear the object;

monitoring a position of a ram block of the blowout preventer;

transmitting the position of the ram block to a controller;

providing a first pressure from a first bank of accumulators to move the ram block until
the ram block is in contact with the object;

providing a second pressure from a second bank of accumulators to move the ram block
to shear the object; and

shearing the object.
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