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(57) Abstract: A smart jarring system for freeing stuck equipment down-
hole is disclosed. The smart jarring system comprises a set of jars (20.1,
301, 401, 501, 601), at least one laser source (224, 324, 424, 524) and at
least one laser receiver (232, 332, 431, 531, 429, 529) that corresponds to
the at least one laser source (22 .4, 324, 424, 524). The laser receiver (232,
332,431, 531, 429, 529) intercepts a laser beam (222, 322, 422, 522) that
is emitted from the laser source (224, 324, 424, 524). This interception
helps determine when the set of jars (201, 301, 401, 501, 601) fired and in
which direction the set of jars (201, 301, 401, 501, 601) fired. The smart jar-
ring system further comprises one or more sensors selected from the group
consisting of vibration sensors (536, 636), temperature sensors (540, 640),
and torque/tensile sensors (042). These sensors are configured to diagnose
downhole conditions and help free the stuck equipment downhole.
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METHOD AND APPARATUS OF SMART JARRING SYSTEM
BACKGROUND

{661 Hydrocarbon fluids are often found in hydrocarbon reservoirs tocated in porous
rock formations below the carth’s surface. Hydrocarbon wells may be drilled to
extract the hvdrocarbon fluids from the hydrocarbon reservoirs. Hydrocarbon wells
may be drilled by running a drill string, comprised of a drill bit and a bottom hole
assemnbly, into a wellbore o break the rock and extend the depth of the wellbore. A
flnid may be pumped through the drill bit to help cool and lubricate the deidl bit,
provide bottom hole presaure, and carry cuttings to the surface. In drilling operations,
the drill string may become stuck. A stuck drill sting oceurs when the deill string
cannot be moved up or down the wellbore without excessive force being applied.
Often, a set of jars are run above, below, or within the bottom hole assembly to help
the drill string become free in stuck pipe scenarios. Jars may also be ran during
workover and completions operations to help free stuck work string or stuck

production string.

[0002] Jars are mechanical devices that may deliver an impact load to another device,
stich as the bottom hole assembly. The action of jars delivering the tmpact load is
called “jarring” or “firing.” Jars are mechanically or hydraulically operated, and roay
bie designed to fire upwards, downwards, or in both directions. When jars five in one
direction they are called single action jars. When jars fire in either or both directions,

they are called dual action jars.

{0003] Stuck pipe scenatios may be costly and detrimental o an operation if the pipe
is unable to become freed. Jars offer a presumptive sohution that may be applied
immediately after the stuck pipe scenario is encountered. However, conventional
jarring systems do uot provide real time data with downhole conditions, and i is
difficult to determune if the jars have activated. Consequently, a jarring system that
may provide real time feedback about downhole conditions, and a jarring system that

may deliver jarring results is desivable.



WO 2022/133249 PCT/US2021/064093

SUMMARY

{0004] This summary is provided o introduce a selection of concepts that are further
described below in the detailed description. This summary is pot intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used as

an atd in limiting the scope of the claimed subject matter.

[0005] The present disclosure presents, in ong or more cmbodiments, a smart jarring
system and a method to operate the system. In general, in one or more embodiments,
the smart jarring system comprises a set of jars, at least one laser source and at least
one laser veceiver that corresponds to the at least one laser source. The laser receiver
mmtercepts a laser bearn that is emitted from the laser source. This interception helps
determine when the set of jars fived and in which divection the set of jars fired. In some
cibodiments, the smart jarring system further comprises one or more sensors selected
from the group consisting of vibration scnsors, emperature sensors, and torguc/icnsile
sensors. These sensors are configured to diagnose downhole conditions. In further
embodiments, the set of jars may be mechanically operated jars or the set of jars may
be hydraulically operated jars, and the sct of jars may be single action or dual action

jars.

{0006] In one or more embodiments, a method for operating the smart jarring system
compriscs installing a set of jars in a bottom hole assemobly, wherein the set of jars
compriscs at least one laser source and at least one corresponding faser receiver. When
a jarring operation is initiated to free stuck equipment downbole, the laser receiver
receives a laser beam emitted from the laser source to deliver, in real-time, jarting data
to a computer processor, wherein the jarring data comprises an amount of time passed
between initiation of the jarring operation and reception of the laser beam at the laser
receiver. From the jarring data, whether the set of jars have fived, which direction the

set of jars have fired, and corrective steps for freeing the stuck equipment is determined.

{0007] The corractive steps o free the stuck equipment further comprise: repeating the
jarring operation, jarring in a different direction, cutting the stuck equipment at a free
point, and running fishing tools. In some embodiments, the smart jarring system further
compriscs one or more sensors selected from the group consisting of vibration sensors,

temperature sensors, and torqueftensife sensors. These sensors are configured to
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diagnose downhole conditions. In further embodiments, the set of jars may be
mechanically operated jars or the set of jars may be hydraulically operated jars, and the
set of jars may be single action or dual action jars.

{0008] Other aspects and advantages of the claimed subject matter will be apparent

from the following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

{0069 Specific embodiments of the disclosed technology will now be described in
detail with reference to the accompanying figures. Like clements in the various figures
are denoted by like reference nuroerals for consistency. The sizes and relative positions
of elements in the drawings are not necessarily drawn to scale. For example, the shapes
of various clements and angles are not necessarily drawn o scale, and some of these
clerents may be arbitrardy enlarged and positioned to improve drawing legibility.
Further, the particular shapes of the elements as drawn are not necessarily intended 1o
convey any information regarding the actual shape of the particular elements and have

been solely selected for ease of recognition in the drawing.

{0016] FIG. 1 shows an exemplary well site in accordance with one or more
embodirpents.

{0011} FiGs. 2A 2B show an apparatus in accordance with one or more erabodiments.

{0612} FIGs. 3A — 3B show an apparatus in accordance with one or more embodiments.

[0613] FIGs. 4A — 48 show an apparatus in accordance with one or more embodiments.

(0014} FIG. 5 shows an apparatus in accordance with onc or more embodiments.

{0015} FIG. 6 shows an apparatus deployed in a drill string bottom hole assembly in

accordance with one or more embodiments.

{8016 FIG. 7 shows a flowchart in accordance with one or more embodiments.

DETAILED DESCRIPTION

{00171 in the following detailed description of cmbodiments of the disclosure,
nurperous specific details are set forth in order to provide a more thorough

understanding of the disclosure. However, it will be apparent to one of ordinary skili
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{0018]

[0019]

{00201

in the art that the disclosure may be practiced without these specific details. In other
instances, well-known feanwes have not been described m detail to avoid

]

unnecessarily complicating the description.

Throughout the application, ordinal numbers (e.g., first, second, third, eic.) may
be used as an adjective for an element (i.e., any noun n the application). The use of
ordinal numbers is not to tmply or create any particular ordering of the clements nor to
limit any clement to being only a single clement unless expressly disclosed, such as
psing the terms "before", "after”, "single”, and other such terminology. Rather, the use
of ordinal numbers is to distinguish between the clements. By way of an example, a
first clement is distinct from a second clement, and the first clement may encompass
more than one elerent and succeed {or precede) the second element in an ordering of

elements.

Jarving systems arc used in downbole applications to release cunergy fo
downhole components and free stick objects. For example, during drilling operations,
jarring equipment may be run in tandem with a bottom hole assembiy (BHA) to
provide a tool to help a drill string become free when a stuck pipe scenario occurs.
Knowledge of downhole conditions and jarring results is crucial when utilizing jarring
equipment to free stuck equipment. To this end, embodiments disclosed hergin relate
1o a smart jarring system for downhole deplovment that is able to provide real time

feedback about downhole conditions and jarring resulis.

FIG. 1 illustrates an exemplary well site (100). In general, well sites may be
configured in a myriad of ways. Therefore, well site (100} is not intended 1o be
Hmiting with respect to the particolar configuration of the drilling equipment. The
well site (100) is depicted as being on land. In other examples, the well site (10{)
may be offshore, and drilling may be carried out with or without use of a marine riser.
A drilling operation at well site (100) may include drilling a wellbore (102) into a
subsurface including various formations (104, 106). For the purpose of drilling a new
section of wellbore (102), a deill string (108) is suspended within the wellbore (102).
The drill string (108) may inchude one or more drill pipes (109} connected to form
conduit and a bottom hole assembly (BHA)Y (110} disposed at the distal end of the
conduit. The BHA (110} may inchude a drill bit {112) to cut into the subsurface rock.

The BHA (118) may include measurerment tools, such as a measurerment-while-

4
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drilling (MWD} tool (114) and logging-while-deilling (LWD) ool 116. Measurement
tools (114, 116) may include sensors and hardware (o measure downhole drilling
pararpeters, and these measurements may be transmitied to the surface using any
suitabic telemetry system known in the art. The BHA (118} and the drill string (108)

may include other drilling tools known in the art but not specifically showrn.

{0021} The drill string (108) may be suspended in wellbore (102) by a derrick {118).
A crown block (120} may be mounted at the top of the derrick (118), and a traveling
block (122} may hang down from the crown block (120} by means of 4 cable or
drilling line (124}, One end of the cable (124} may be connected to a drawworks
(126}, which is a reeling device that may be used to adjust the length of the cable (124)
so that the traveling block (122) may move up or down the derrick (118). The
traveling block (122} may mclude a book (128) on which a top dnve {130) is
supported. The top drive (130) is coupled to the top of the drill string (108) and is
operable to rotate the drill string (108). Aliernatively, the drill string (108) may be
rotated by means of a rotary table (not shown) on the drilling floor (131). Drilling
tluid (commonly called mud) may be stored in a mud pit {132}, and at least one pump
(134} may pump the moud from the mud pit (132) into the drill string (108). The mud
may flow into the drill string (108) dwough appropriate flow paths in the top drive
(130} {or a rotary swivel if a rotary table is used instead of a top drive {0 rotate the
drill sering (108)).

{0022} in one implementation, a system {200} may be disposed at or communicate with
the well site (100). System (200) may control at least a portion of a drilling operation
at the well site (100) by providing controls to various components of the drilling
operation. In one or more emsbodiments, system (200) may receive data from one or
more sensors {166} arranged to measure controliablec paramecters of the drlling
operation.  As a pon-limiting example, sensors (160) may be arranged to measure
WOB (weight on bit), RPM (drill string rotational speed), GPM (flow rate of the mud
pumps), and ROP (rate of penetration of the drilling operation). Sensors (160) may
be positioned to measure paramcter(s) related to the rotation of the drill string (108},
parametcr{s) refated to wavel of the raveling block (122), which may be used to
determine ROP of the drilling operation, and parameter(s) related to flow rate of the

pump (134). For illustration purposes, sensors (160) are shown on drill string (108}
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and proximate mud pump (134). The illustrated locations of sensors (160} are not
intended to be limiting, and sensors {160) could be disposed wherever drilling
pararneters need 1o be measured. Moreover, there may be many more sensors {(160)
than shown in FIG. 1 to measure various other parameters of the drilling operation,

Each sensor {160) may be configured to measure a desired physical stimulus.

[0023] Dwuring a drilling operation at the well site (100), the drill string (108) is rotated
relative to the wellbore (102}, and weight is applied to the drill bit (112) to enable the
drill bit (112) to break rock as the drill string (108) is votated. In some cases, the drill
bit (112) may be rotated independently with a deilling motor. In further embodiments,
the drill bit (112) may be rotated using a combination of the drilling motor and the fop
drive (1305 (or a rotary swivel if a rotary table is used instead of a top drive to rotate
the drill string (108}). While cutting rock with the dnll bit {112}, mud is pumped into
the drill string (108). The mud flows down the drill string (108) and exits into the
bottom of the wellbore (102) through nozzles in the drill bit (112). The mud in the
wellbore (102) then flows back up to the surface tn an annular space between the drill
string (108) and the wellbore (102) with entrained cuttings. The mud with the cuttings
is returned to the pit (132) to be circulated back again into the dreidl string (108).
Typically, the cuttings are removed from the mud, and the mud is reconditioned as
necessary, before pumping the mud again into the drill string (108). In one or more

cmbodiments, the drilling operation may be controlied by the system (200).

{0024 FiGs. ZA — 4B depict different embodiments of smart jarring systems comprised
of conventional jarring systems and lasers. The jarring systems disclosed herein may
be deploved in a wellbore (102) for any downhole operation that utilizes tools with
the potential for sticking. The disclosed smart jarring systems may be hydradically
or mechanically operated. Hydraulically and/or mechaunically operated jars may bave
different designs but operate similarly by transforming stored potential energy into an
impact force. The impact force s designed to “jar” the stuck component of the
downhole tool to become free. The jarring systems may jar in an upward, downward,
or dual direction. The jarting systems may be installed above, below, or within a

bottom hole asserobly (110).

(0025} FIG. 2A and 2B depict, in accordance with one or more crabodiments, a smaxt

single action upward (203) jarring systern comprising a sct of jars (201} that are

&



WO 2022/133249 PCT/US2021/064093

designed to jar in the upwards direction (203). Herein, the set of jars (201) is the
conventional jarring system comprising a housing (220), a piston (228}, and at least one
hammer head (234). The upwards direction (203} herein refers to the movement of the
piston (228) and at lcast one hammer head (234} from the direction of the drill bit (112)
to the direction of the top drive (130} with reference to the drill bt (112) being
positioned in the wellbore (102} and the top drive (130) being positioned in the derrick
{118). FIG. 2A, in particular, depicts the position of the set of jars (201) prior o
initiation, and FIG. 2B depicts the position of the set of jars (201) after initiation while

applying the impact load.

{002s] The housing (220) is a container that houses the piston {228) and the hammer
head (234). As shown in FIG. 2A and 2B, the housing (2207 ts a cyvlindrical tube made
of any material, such as steel, that can withstand the high pressures, temperatures, and
forces experienced during the operation. The inner diameter and outer diameter of the
housing (22() may be consistent throughout, as show in in FIG. 2A and 2B, or the inner
diameter and outer diarneter may change across the housing (220). The housing (220)
has an impact surface (226) which provides a surface for the hammer head (234},
delivered by the piston (228), to make contact with and release stored energy. The
impact surface (226} is a solid cvlinder made of any rigid material, such as steel, that
can withstand, and also transmit to the rest of the downbole equipment, the expected
tmpact force applied by the hammer head (234). In the case of FIG. 2A and 2B, the
irnpact between the bamomer head (234) and the impact surface (226} may create an

impact load in the upwards direction {203).

(00271 in one or more embodiments, a laser source (224) that emits a laser beam (222)
may be installed along the housing (220) as shown in FIG. 2A and 2B. The laser beam
{222) emitted by the laser source {224} is received by a corresponding laser receiver
{2323. More specifically, the laser receiver (232) is configured to intercept the laser
beam (222) emitted by the laser source (224). For example, there are four types of laser
sources (2245 that may be used herenit: a solid-state laser, a gas laser, a iquid laser, and
a semi-conductor laser. These laser sources (224) differ by the medium and encrgy
source used to produce the laser beam (222). For example, the solid state laser source
{224) uses a solid object as a laser mediom, such as a ruby crystal, and uses light energy

as the encrgy source. The gas laser source {224) generaics a laser beam (222) by

-3



WO 2022/133249 PCT/US2021/064093

discharging an clectric current through a gas, such as an argon gas. The liquid laser
source (224 uses light energy passed through a liguid medivm, such as an organic dye
solution. The semi-conductor laser source {224) used a solid object as a laser medium,
such as a ruby crystal, and uses an ¢lectric current as the encrgy source. Those skilled
in the art will appreciate that the laser sources noted above may be used alone or in
combination, and that emnbodiments disclosed herein ave not Himited to the types of laser
sources mentioned above.  Any suvitable type of laser source may be used to

cmit/transmit a laser beam.

{0028] Furthermore, there may be four types of laser recetvers {232} that may be used
with respect to embodiments disclosed herein: a charge-coupled device (CCD), a
complementary metal oxide semiconductor (CMOS), a position-sensitive detector
(PSD), and a photoelectric sensor. The CUD laser receiver (232} contains cells that
convert the laser beam (222) into clectrons. These electrons cross a chip that may
interpret the data. The CMOS laser receiver (232) also contains cells that convert the
faser bearn (222) into electrons, but the CMOS laser receiver (232) is constructed so
that data from each cell can be obtained individually without the need to transfer energy
over a chip. The PSD laser receiver (232) can locate a laser beam (222) in one or two
dimensions and functions by wiangulated signal reception. The photoelectric laser
veceiver {232) is designed to detect the absence or the presence of an object by the
disruption in the laser beam (222). When the laser beam (222) is disrupted, the
photoeclectric laser recetver (232) relays a signal and a specific function is performed.
Those skilled in the art will appreciate that the laser veceivers noted above may be used
alone or in combination, and that embodiments disclosed herein are not Umited to the
types of laser receivers mentioned above. Any suitable tvpe of laser receiver may he

used to receive a laser beam.

{0029] The laser receiver (232) may be installed on the piston (228} so when the
hammer head (234) makes contact with the tmpact surface (226), the laser recciver
(232} 1s in line with (i.e., in the same plane as) the laser sowrce {224) and laser beam
(222) as shown in FIG. 2B. When the laser receiver (232) intercepts the laser beam
{224), a signal may he relayed o a cormputer processor at the surface with a positive

indication that the hammer head (234} has countacted the impact surface (226),
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indicating that the sct of jars (201) have fired. The signal may be delivered using wired
pipe.

{00301 FIG. 3A and 3B depict, in accordance with one or more embodiments, a smart
single action downward (305) jaming system including a set of jars (301} that are
designed to jar in a downwards divection (3035). The downwards divection (305) herein
refers to the movement of the piston (328) and at least one hanuner head (334) from the
direction of the top drive (130} to the direction of the deill bit (112} with reference to
the drifl bit (112) being positioned in the wellbore (102) and the top drive (130) being
positioned in the derrick (118). FIG. 3A, in particular, depicts the position of the setof
jars (301) prior to inittation, and FIG. 3B depicts the position of the set of jars (301)
after initiation while applying an impact load. Simular to FIG. 2A and 28, the set of jars

(301) are comprised of a housing (3203, a piston (328}, and a hammer head (334).

{0031} The housing (320} is a container that houses the piston (328) and the hamamer
head (334). As shown in FIG. 3A and 3B, the housing (320) is a cylindrical tobhe made
of any material, such as steel, that can withstand the high pressures, temperatures, and
forces experienced during the operation. The inner diameter and outer diameter of the
housing {(320) may be consistent throughout, as show 1n in FIG. 3A and 3B, or the inner
diameter and outer diameter may change across the housing {32(). The housing (320)
has an irapact surface (326) which provides a surface for the hammer head (334,
delivered by the piston (328), to make contact with and release stored energy. The
tmpact surface (326) is a solid cvlinder made of any rigid material, such as steel, that
can withstand, and also transmit to the rest of the downhole equipment, the expected
irapact foree applied by the bammer head (334}, In the case of FIG. 3A and 38, the
impact between the hammer head (334) and the tmpact surface (326} may create an

impact load in the downwards divection {305).

(6032 A taser source (324) that emits a laser beam (322) is instalied along the housing
{324) as shown in FIG. 3A and 3B. The laser bearn (322) 1s designed to interact with a
corresponding laser receiver (3323 when the laser receiver (332) intercepts the laser
beam (322). The laser receiver (332) is installed on the piston {328) so when the
hammer head {334} makes contact with the impact surface (326), the laser receiver
(332 is in line with the laser source (324 and laser beam (322) as shown in FIG. 3B,

Therefore, when the laser veceiver (332) intercepts the laser beam (324), a signal may

g
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be relayed to a computer processor, at the surface, with a positive indication that the
hammer head (334 has contacted the impact surface (326}, or, that the set of jars (301)

have fired. The signal may be delivered using wired pipe.

{6033 FIG. 4A and 4B depict, in accordance with one or more embodiments, a smart
dual action jarring system comprising a set of jars {(401) that are designed to jar in both
the downwards (403} and the vpwards direction (403). Specifically, FIG. 4A depicts
the position of the sct of jars (401) while jarting in the upward divection (403}, and FIG.
4B depicts the position of the set of jars (401) while jarring in the downwards direction
{405). Farthermore, the set of jars (401) are comprised of a housing (420), a piston

{428), an upper hammer head (433), and a lower hammer head (433).

{0034] The housing (420} is a container that houses the piston {428) and the hammer
heads (433, 435). As shown in FI(G. 4A and 4B, the housing (420) is a cylindrical mbe
made of any material, such as steel, that can withstand the high pressures, temperatures,
and forces experienced during the operation. The inner diameter and outer diameter of
the housing (420) may be consistent throughout, as show in in FIG. 4A and 4B, or the
inner diameter and outer diameter may change across the housing (420). The housing
{420) has an impact surface (426) which provides a surface for the haromer heads (433,
4335), delivered by the piston {(428), to make contact with and release stored energy. The
impact surface (426} is a solid cvlinder made of any rigid material, such as steel, that
can withstand, and also transmoit o the rest of the downhole equipment, the expected
tmpact force applied by the hammer heads (433, 435). As shown in FIG. 4A, the impact
between the lower hammer head (435) and the impact surface (426} may create an
irnpact load in the upwards divection {(403). As shown in FIG. 4B, the impact between
the upper hammer bead (433) and the impact surface (426) may create an impact foad

in the downwards direction {(405).

(6035 A laser source (424) that emits a laser beam (422) is installed along the housing
{424) as shown in FIG. 4A and 4B. The laser beam (4272) is designed to interact with
one or more laser receivers (431, 429) when the laser receivers (431, 429) intercept the
taser beam (422} FIG. 4A and 48 depict two distinet laser receivers, an upper laser
receiver {431) and a lower laser receiver (429). The upper laser receiver {431)
corresponds with the upper hammer head (433) and the lower laser receiver (429)

corresponds with the lower hammer head (435). The lower laser receiver (429) is

10
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{6036]

{80371

{8038}

installed on the piston {428) ncar the lower hammer head (435} so when the lower
hammer head (435) makes contact with the impact surface (426), the lower laser
receiver (429} is in line with the laser source (424) and laser beam (422) as shown in
FIG. 4A. Therefore, when the lower laser receiver (429} intercepts the laser beam (4243,
a signal may be relayed fo 2 computer processor, af the surface, with a positive
indication that the lower hammer head (435) contacted the wmpact surface (426), or that
the set of jars (401) have fired in the upward direction {403). The signal may be

delivered using wired pipe.

The upper laser receiver (431) is installed on the piston (428) near the upper
hammer head (433) so when the upper hammer head (433) makes contact with the
impact surface (426), the upper laser receiver (431) is in fine with the lascr source
{424} and laser beam (422) as shown in FIG. 4B, Therefore, when the upper laser
receiver (431) intercepts the laser beam (424), a signal may be relayed to a computer
processor, at the swrface, with a positive indication that the upper hammer head (433)
has contacted the impact surface (426), or that the set of jars (401) have fired in the
downward direction (4035). The signal may be delivered using wired pipe. Those
skitled in the art will appreciaie that although embodiments disclosed herein describe
specific installation locations of laser sources and receivers, the laser sources and
receivers may be installed in any location where positive indication of jarring may be

recorded, without departing from the scope of this disclosure.

FIG. 5 depicts, in accordance with one or more embodiments, a smart dual
action jarring systerm coraprised of a set of jars (501) and a laser configuration in tandem
with an accelerator (538). The set of jars (501) and laser configuration corprise an
gpper hammer head (833), upper laser receiver (331), piston (528), laser beam (522},
taser source (524, lower laser receiver (5293, irapact surface (526}, lower hammer head
{535), and housing {(520). The accelerator (538} may be comprised of a plurality of
sensors. The accelerator (538) may optirnize the jarring operation by maximizing the
tmpact force applied by the set of jars (301). The accelerator {538} may maximize the

impact force by increasing the velocity of the mass being applied to the set of jars (501).

In FIG. 3, the sensors are vibration sensors {536) and temperatore sensors (540}
The vibration sensors {336) may be installed at a plurality of locations arcund the set

of jars (301} to understand and determine how the iropact force, applied by the set of

i
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Jars (501, is distributed throughout the downhole equipment. More specifically, the
vibration sensors (536) may convey the spectfic locations along the downbole
equipment that are veceiving the tmpact foree produced by the jarring operation. The
temperatre  sensors (5403 may allow real-time monitoring of the downhole
cquipment’s teroperature. High temperatures, due to friction created by the jarring
operation, may cause mechanical damage in the downhole equipment. Knowledge of
the equipment’s temperature may prevent twist offs or other mechanical failures caused
by high temperatures. The vibration sensors (536) and the temperature sensors (540)
provide an opportunity to make data driven decisions effecting how to proceed with the

jarring operation if a stuck or tight pipe scenario is encountered.

{0039] FIG. 6 depicts, in accordance with one or more ernhodiments, the set of jars and
taser configuration (601), from FIGs 4A — 4B, deployed in a drill siring {608). The set
of jars and laser configuration (601) are ruon in tandem with the accelerator (638},
vibration sensors (636}, termperature scnsors (640}, and torque/iensile sensors (642).
The torqueftensile sensors (642) may be installed at a plurality of locations within the
drill string (608) to measure the torque and tensile forces being applied to the downhole
cquipment. The knowledge of force distributions may determine stuck points {643).
Stuck points (643} are the specific segments of the downhole equipment that are stuck
inn the wellbore (602). Knowledge of stuck points (643) provides the opportunity to
focus jarring operations or fishing tools at the stuck point (643) locations (o optimize
freeing the stuck equipment. Furthermore, knowledge of force disiributions may help
focate a free point {646). The free point {646} is the point divectly above the shallowest
stuck point (643). Knowledge of the free point (646) provides a location where the

downhole equipment may be cut off and salvaged if jarring and fishing operations fail.

{60448 FIG. 7 depicts, in accordance with one or more embodiments, a flowchart for
utilizing a smart jarring system (o free stuck cquipment dowanhole. Prior to commencing
a downhole operation, a set of jars (201, 301, 401, 541, 601), comprised of at icast one
laser source (224, 324, 424, 524) and at least one laser receiver (232, 332, 431, 5331,
429, 529), are installed above, below, or within a bottom hole asserably (118) (Swep
750). The set of jars (201, 301, 401, 501, 601} may be single or dual action jars, and the
set of jars {201, 301, 401, 501, 601) may be hydraulically or mechanically operated
jars. The set of jars (201, 301, 401, 501, 601) may be run in tandem with an accelerator

12
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{538, 638). A plurality of sensors, such as vibration sensors (536, 636), temperature
sensors (540, 640h, and orgue/tensile sensors (H42), may be instafled on the downhole

equipment (Step 750).

{60411 The bottom bole assembly (110) is run into a welltbore (102, 602) to commmence
the downhole operation (Step 752). While performing the downhole operation, the
downhole cquipment may become stuck or tripping may become tight and a jarring
operation s inttiated (Step 754). As the hammer head (234, 334, 433, 435, 533 ,35)
makes impact with the ropact surface (226, 326, 4206, 526) of the housing (220, 32
420, 520), the laser receiver (232, 332, 431, 531, 429, 529) receives a laser beam (222,
322, 422, 522) emitted from the laser source (224, 324, 424, 524) (Step 736). Jarring
data, collected in real-time, is ransmitted, by wired drill pipe, to a cormpuicr processor
(Step 758) with a stored algorithm at the surface. The computer processor may be part
of a computer system for analyzing/processing data collected downhole. The jarring
data may comprise: if the laser receiver (232, 332, 431, 531, 429, 329} received a laser
beam (222, 322, 422, 522}, the time at which the laser recetver (232, 332, 431, 531,
428, 529) received the laser beam (222, 322, 422, 322), and data gathered from the
sensors. {zather a collective understanding of downhole complications that led to the
stuck equipment by using the real-time jarring data, obtained by the laser receiver (232,
332, 431, 331, 429, 529) and sensors, and determune if the set of jars (201, 301, 401,
501, 601) have successfully fired in the desired direction (87603, The desired direction

refers to the direction in which the set of jars (201, 301, 401, 5301, 601} are intended to
be fired by an acton performed to the downhole equipment. For example, and in one
or more embodiments, a set of jars (201, 301, 401, 501, 601) designed to jar in the
upwards direction (203, 403) may require a drilier at the surface to pull up on the drill
string (108, 608). As the driller pulls up on the drill string (108, 608), the stuck points
(643) of the drill string (108, 608) cause the drill string (108, 608} to siretch and store
energy. When the set of jars (201, 301, 401, 501, 601) reach a predetermined amount
of stored energy, the set of jars (201, 301, 401, 501, 601) should fire in the upwards

divection (203, 403).

(0642 More specifically, referring to Step 760, whether or not the set of jars (201, 301,
401, 501, 601) have fired may be determined by analyzing the amount of time passed

between initiating the jarring operation and reception of the laser beam (222, 322, 422,
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322} at the laser receiver (232, 332, 431, 531, 429, 529). If the amount of time passed
is within an acceptable range of tire, then the set of jars (201, 301, 401, 301, 601) have
successfully fired. The acceptable range of time may be determined from an experiment
that tests the set of jars” (201, 301, 401, 501, 601) wavel time under normal conditions.
For example, if the set of jars (201, 301, 401, 501, 601) take 2 minutes to successiully
apply an impact load at the surface, then the algorithm will analyre the amount of time
passed between initiation of the jarring operation and the time the laser receiver (431,
5331) intercepts the laser beam (222, 322, 422, 5225, I the time is between 2 and 3
minutes, then the algorithm provides a “successful jarring” signal at the surface, but if
the tme is outside the 2 to 3-minute range, then the jarring operation will be repeated.
The repetition of the jarring operation may be performed automatically when the time
is outside of the predetermined range, or may be performed based on a command from
the surface. For example, a rnessage rnay be sent to the surface upon detection of the
time being outside of the predetermined range, and a surface operator may repeat the

jarring operation.

{0043} In embodiments where a dual action set of jars (201, 301, 401, 501, 601) are
utilized, by placing two different laser receivers, an upper laser receiver (431, 531) and
a lower laser receiver (429, 529), on opposite ends of the piston (228, 328, 428, 5328),
the direction in which the set of jars (201, 301, 401, 501, 681) have fired may be
confirmed by indication of which laser receiver (431, 531, 429, 529) received the laser

bearo (222, 322, 422, 522) during the jarring operation.

{0044 The vibration sensors (536, 636) may provide vibrational data that may
determine future corrective sieps hy conveying the specific locations, along the
downhole equipment, that receive the impact force produced by the jarring operation.
The temperature sensors (340, 640) may mouitor the teraperature of the downhole
cquipment in real time. High temperatures, duc to friction produced during the jarring
operation, may casse mechanical failores in the downhole equipment. Therefore,
monitoring the temperature of the downhole equipment, in real time, may provide an
indication if the downhole equipment may fail. If the indication is present, then

preventative steps, such as stopping the jaming operation, may be taken.

[0045] Torque/tensile sensors (642) may show the torque and tensile forces applied

throughout the downbole equipment. This data may provide an indication of where the
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stuck points {643) and the free point (646) are located. The jarring data may determine
which corrective steps should be taken to free the stuck equipraent. The corrective sieps
may comprise: repeating the jarring operation, jarring in a different divection, cutting
the stuck equipment at the free point {646), or running various fishing tools. The

corrective steps are performed to free the stuck cquipment {(Step 762).

{0046} Although only a fow example embodiments have been described in detail above,
those skilled in the art will readily appreciate that many modifications are possible in
the ecxample embodiments without matenally departing from  this  invention.
Accordingly, all such modifications are intended to be included within the scope of this

disclosure as defined in the following claims.
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CLAIMS

What is claimed:
1. A smart jarving system comprising:
a set of jars;
at feast one laser source; and
at least one laser receiver corresponding to the at least one laser source,
wherein the at lcast one laser receiver intercepts a laser beam emitted from the at least
one laser source to detcrmine when the set of jars have fired and in which

direction the set of jars have fired.

2. The system of claim 1, further comprising:
one or more sensors, sclected from the group consisting of vibration sensors,
temperature sensors, and forqueficnsile sensors, configured fo diagnose

downhole conditions.

3. The systern of claims 1 or 2,

wherein the set of jars are mechanically operated jars or hydraulically operated jars.

4. The system of any one of claims 1 -3,
wherein the set of jars arc single action jars, are corprised of a housing, a hammer
head, and a piston, the at least one laser source is installed along the housing,

and the at least one laser recetver is installed along the piston.

5. The system of any one of claims 1 — 4,
wherein the set of jars are dual action jargs, are comprised of a housing, a lower hammer
head, an upper hammer head, and a piston, the at least one laser source is
installed along the housing, and the at least one laser veceiver is installed on an

end of the piston.

6. A method of operating a smart jarring system comprising:
installing a set of jars in a bottom hole assembly, wherein the set of jars comprises at
teast one laser source and at least one corresponding laser receiver;

initiating a jaring operation o free stuck equipment downhole;

i6
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receiving, by the at lcast one laser veceiver, a laser beam from the at lcast one laser
source installed within the set of jars;

delivering, in real-time, jarring data to a computer processor, wherein the jamming data
compriscs an amount of time passed between initiation of the jarring operation
and reception of the laser beam at the at least one iaser receiver; and

determining, from the jarring data, whether the set of jars have fired, which direction

the set of jars have fired, and corrective steps for freeing the stuck equipment.

=3

The method of claim 6,

wherein the set of jars are mechanically operated jars or hydraulically operated jars.

§. The method of claims 6 or 7, further comprising:
mstalling, along the botiom hole assernbly, one or more sensors, selected from the
group consisting of vibration sensors, temperature sensors, and torqueftensie

sensors, configured to diagnose downhole conditions.

3. The method of any one of claims 6 — 8§,
wherein the jarring data delivered to the computer processor further comprises data

gathered from the sensors.

18, The method of any one of claims 6 - 9,
wherein the set of jars have successfully fired if the amount of time passed between
inifiation of the jarring operation and reception of the laser beam at the at least
one laser recetver is within an acceptable range of time determuined from an

experiment that tests the set of jars travel time under normal conditions.

11. The method of any one of claims 6 — 10,
wherein the set of jars ave single action jars and are comprised of a housing, a hammer

head, and a piston.

12. The method of claim any one of claims & — 11,
wherein the smart jarving system further comprises:
installing the at least one laser source along the housing;

emitting the laser beam from the at least one laser source; and

17
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installing the at least one laser receiver along the piston near the hammer head,
wherein the at least one laser recetver receives the laser beam from the at least

one laser source to detect if the jars have fired.

13. The method of any one of claims 6 — 12,
wherein the set of jars arve dual action jars and are comprised of a housing, a lower

hammer head, an upper hammer head, and a piston.

14. The method of any one of claims 6 — 13,
wherein the smart jarring system further comprises:
installing the at least one laser source along the housing;
emitting the laser beam from the at least one laser source; and
instaliing the at least one laser receiver on an end of the pision,
wherein the at least one laser receiver receives the laser beam from the at least
ong laser source to detect if the set of jars have fired and in which

direction the set of jars have fired.

15, The method of any one of claims 6 — 14,
wherein the corrective steps to free the stuck equipment comprise:
one or more actions selected from the group consisting of repeating the jacring
operation, jarring in a different direction, cutting the stuck equipment at a free

point, and running fishing tools.
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y 8750

Install a set of jars, comprised of at least one laser

source, at least one laser recaiver, and sensors, info a
bottom hole assembly

8752

¥

Run the bottom hole assembly into a wellbore and
commence downhole operations

5754

¥

When stuck equipment is encountered, initiate a jarring
operation to free stuck equipment downhole

| -S756

Receive, by a laser receiver, a laser beam emitted from the
laser source

i ~S758
Deliver real-time jarring data to a computer processor

| -S760

Gather a collective understanding of downhole complications
that led to the stuck equipment by using the real-time jarring
data, obtained by the laser receiver and sensors, and
determine if the set of jars have successfully fired in the
desired direction

i 5762
Perform corrective steps needed fo free the stuck equipment
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