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Description
Background of the Disclosure

[0001] Driling operations have become increasingly
expensive as the need to drill deeper, in harsher envi-
ronments, and through more difficult materials have be-
come reality. Additionally, testing and evaluation of com-
pleted and partially finished wellbores has become com-
monplace, such as to increase well production and return
on investment.

[0002] In working with deeper and more complex well-
bores, it becomes more likely that tools, tool strings,
and/or other downhole apparatus may become stuck
within the wellbore. In addition to the potential to damage
equipment in trying to retrieve it, the construction and/or
operation of the well must generally stop while tools are
fished from the wellbore. The fishing operations them-
selves may also damage the wellbore and/or the down-
hole apparatus.

[0003] Furthermore, downhole tools used in fishing op-
erations are regularly subjected to high temperatures,
temperature changes, high pressures, and the other rig-
ors of the downhole environment. Consequently, internal
components of the downhole tools may be subjected to
repeated stresses that may compromise reliability. One
such downhole tool, referred to as a jar, may be used to
dislodge a downhole apparatus when it becomes stuck
within a wellbore. The jar is positioned in the tool string
and/or otherwise deployed downhole to free the down-
hole apparatus. Tension load is applied to the tool string
to trigger the jar, thus delivering an impact intended to
dislodge the stuck downhole apparatus.

[0004] WO 2008/115952 discloses a hydraulic jar for
a drilling assembly. In some embodiments, the hydraulic
jar includes a tubular housing, a mandrel disposed in the
housing, an annulus between the mandrel and the hous-
ing, and a pressure relief mechanism disposed in the
annulus. The pressure relief mechanism generally di-
vides the annulus into firstand second portions. The pres-
sure relief mechanism includes first and second annular
members in engagement with one another when the
pressure in the second annulus portion is less than a
predetermined value and a fluid flow path between the
firstand second annulus portions. The fluid flow path has
a first size when the pressure in the second annulus por-
tion is less than the predetermined value, and a second
size that is larger than the first size when the pressure in
the second annulus portion becomes equal to or greater
than the predetermined value.

[0005] WO2013/040578 discloses a device having a
first, lower sub housing, a second, upper sub housing,
and an extensible joint connecting the lower sub housing
to the upper sub housing. A pressure equalization cham-
ber is attached to the upper sub housing and demarcates
an inner zone including an internal mechanism of the
extensible joint, and an outer zone open to well bore fluids
and pressure. A fluid barrier moves within the pressure
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equalization chamberin response to changesin well bore
pressure to alter a volume of the inner zone to equalize
a pressure of the inner zone.

[0006] US 5,595,253 relates to a double acting hydrau-
lic jar of such construction as to permit it to be "short
cocked" during either an up or down jar, and further in
which flow past a detent in metered in such a way as to
permit lesser flow therepast during an upward jar than
during a downward jar, whereby the rate of movement
of the detent ring through a restriction, and thus the "de-
lay", may be essentially the same during both up and
down jars.

[0007] CN 203476271 is concerned with a ground hy-
draulic drilling jar for a deep well and an extra-deep well,
wherein the jar is mainly composed of a lifting sub, an
upper hydraulic cylinder, an oil hole, a lower hydraulic
cylinder, a piston, a pressure relieving hole, an upper
sealing ring, a metal sealing ring, a lower beating rod, a
middle sealing ring, a sealing set, a bearing ring, chain
rings, a circulating connector, a circulating hole and a
safe chain, the pressure relieving hole is drilled in the
piston, the upper sealing ring and the metal sealing ring
are arranged around the piston, the lower beating rod is
in screwed connection with the piston, the lifting sub is
in screwed connection with the upper hydraulic cylinder,
the oil hole is formed in the upper portion of the upper
hydraulic cylinder, the upper hydraulic cylinder and the
lower hydraulic cylinder are in screwed connection, the
screwed connection positions of the upper hydraulic cyl-
inder and the lower hydraulic cylinder are sealed through
the middle sealing ring, the connected lower beating rod
and piston are put into the lower hydraulic cylinder from
the lower face of the lower hydraulic cylinder, the sealing
set is arranged in the lower hydraulic cylinder from the
lower end of the lower beating rod in a sleeved mode and
is jacked to a circular bead, the bearing ring is arranged
on the lower beating rod in a sleeved mode, a buckled
special tool hole is machined in the lower face of the
bearing ring, screw threads between the bearing ring and
the lower hydraulic cylinder are connected, the lower face
of the lower beating rod is connected with the circulating
connector through screw threads, the circulating hole is
formed beside the circulating connector, the chain rings
are arranged at the lower end of the lower hydraulic cyl-
inder and on the circulating connector, and the safe chain
is connected between the chain rings of the circulating
connector and the lower hydraulic cylinder.

[0008] According to the invention, there is provided an
apparatus and method as described in the appended
claims.

Brief Description of the Drawings

[0009] The present disclosure is best understood from
the following detailed description when read with the ac-
companying figures. Itis emphasized that, in accordance
with the standard practice in the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of
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the various features may be arbitrarily increased or re-
duced for clarity of discussion.

FIG. 1 is a sectional view of at least a portion of ap-
paratus according to one or more aspects of the
present disclosure.

FIG. 2 is a sectional view of an example implemen-
tation of a portion of the apparatus shown in FIG. 1
according to one or more aspects of the present dis-
closure.

FIG. 3 is an enlarged sectional view of a portion of
the apparatus shown in FIG. 2 according to one or
more aspects of the present disclosure

FIG. 4 is a sectional view of an example implemen-
tation of a portion of the apparatus shown in FIG. 1
according to one or more aspects of the present dis-
closure.

FIG. 5 is an enlarged sectional view of a portion of
the apparatus shown in FIG. 4 according to one or
more aspects of the present disclosure

FIG. 6 is a sectional view of an example implemen-
tation of a portion of the apparatus shown in FIGS.
5 and 12 according to one or more aspects of the
present disclosure.

FIGS. 7, 8, and 9 are sectional views of the example
implementation shown in FIG. 2 in various stages of
operation according to one or more aspects of the
present disclosure.

FIG. 10 is an enlarged sectional view of a portion of
the apparatus shown in FIG. 8 according to one or
more aspects of the present disclosure.

FIG. 11 is an enlarged sectional view of a portion of
the apparatus shown in FIG. 9 according to one or
more aspects of the present disclosure.

FIG. 12 is a sectional view of an example implemen-
tation of a portion of the apparatus shown in FIG. 1
according to one or more aspects of the present dis-
closure.

FIG. 13 is a flow-chart diagram of at least a portion
of a method according to one or more aspects of the
present disclosure.

Detailed Description

[0010] Itis to be understood that the following disclo-
sure provides many different embodiments, or examples,
for implementing different features of various embodi-
ments. Specific examples of components and arrange-
ments are described below to simplify the present dis-
closure. These are, of course, merely examples and are
not intended to be limiting. In addition, the present dis-
closure may repeat reference numerals and/or letters in
the various examples. This repetition is for simplicity and
clarity, and does not in itself dictate a relationship be-
tween the various embodiments and/or configurations
discussed. Moreover, the formation of a first feature over
or on a second feature in the description that follows,
may include embodiments in which the first and second
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features are formed in direct contact, and may also in-
clude embodiments in which additional features may be
formed interposing the first and second features, such
that the first and second features may not be in direct
contact.

[0011] FIG. 1 is a sectional view of at least a portion
of an implementation of a wellsite system 100 according
to one or more aspects of the present disclosure. The
wellsite system 100 comprises a tool string 110 suspend-
ed within a wellbore 120 that extends from a wellsite sur-
face 105 into one or more subterranean formations 130.
The tool string 110 comprises afirst portion 140, a second
portion 150, and a hydraulic jar, referred to hereinafter
as the hydraulic impact apparatus (HIA) 200, coupled
between the first portion 140 and the second portion 150,
wherein the HIA 200 is operable to impart an impact to
at least a portion of the tool string 110. The tool string
110 is suspended within the wellbore 120 via conveyance
means 160 operably coupled with a tensioning device
170 and/or other surface equipment 175 disposed at the
wellsite surface 105.

[0012] The wellbore 120 is depicted in FIG. 1 as being
a cased-hole implementation comprising a casing 180
secured by cement 190. However, one or more aspects
of the present disclosure are also applicable to and/or
readily adaptable for utilizing in open-hole implementa-
tions lacking the casing 180 and cement 190.

[0013] The tensioning device 170 is operable to apply
an adjustable tensile force to the tool string 110 via the
conveyance means 160. Although depicted schematical-
ly in FIG. 1, a person having ordinary skill in the art will
recognize the tensioning device 170 as being, compris-
ing, or forming at least a portion of a crane, winch, draw-
works, top drive, and/or other lifting device coupled to
the tool string 110 by the conveyance means 160. The
conveyance means 160 is or comprises wireline, slick-
line, e-line, coiled tubing, drill pipe, production tubing,
and/or other conveyance means, and comprises and/or
is operable in conjunction with means for communication
between the tool string 110 and the tensioning device
170 and/or one or more other portions of the various sur-
face equipment 175.

[0014] The first and second portions 140 and 150 of
the tool string 110 may each be or comprise one or more
downhole tools, modules, and/or other apparatus oper-
able in wireline, while-drilling, coiled tubing, completion,
production, and/or other implementations. The first por-
tion 140 of the tool string 110 also comprises at leastone
electrical conductor 141 in electrical communication with
at least one component of the surface equipment 175,
and the second portion 150 of the tool string 110 also
comprises at least one electrical conductor 151 in elec-
trical communication with at least one component of the
surface equipment 175, wherein the at least one electri-
cal conductor 141 of the first portion 140 of the tool string
110 and the at least one electrical conductor 151 of the
second portion 150 of the tool string 110 may be in elec-
trical communication via at least one or more electrical
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conductors 201 of the HIA 200. Thus, the one or more
electrical conductors 141, 201, 151, and/or others may
collectively extend from the conveyance means 160
and/or the first tool string portion 140, into the HIA 200,
and perhaps into the second tool string portion 150, and
may include various electrical connectors along such
path.

[0015] The HIA 200 may be employed to retrieve a
portion of the tool string 110 that has become lodged or
stuck within the wellbore 120, such as the second portion
150. The HIA 200 may be coupled to the second portion
150 of the tool string 110 before the tool string 110 is
conveyed into the wellbore, such as in prophylactic ap-
plications, or after at least a portion of the tool string 110
(e.g., the second portion 150) has become lodged or
stuck in the wellbore 120, such as in "fishing" applica-
tions.

[0016] FIG. 2 is a sectional view of at least a portion
of an example implementation of the HIA 200 shown in
FIG. 1. Referring to FIGS. 1 and 2, collectively, the HIA
200 may comprise an electrical conductor 201 in electri-
cal communication with the electrical conductor 141 of
the first portion 140 of the tool string 110. For example,
one or more electrical bulkhead connectors and/or other
electrically conductive members 285 may at least par-
tially connect or extend between the electrical conductor
201 of the HIA 200 and the electrical conductor 141 of
the first portion 140 of the tool string 110. The electrical
conductor 201 may also be in electrical communication
with the electrical conductor 151 of the second portion
150 of the tool string 110. For example, one or more
electrical bulkhead connectors and/or other electrically
conductive members 280 may extend between the elec-
trical conductor 201 of the HIA 200 and the electrical
conductor 151 of the second portion 150 of the tool string
110. Thus, the electrical conductor 141 of the first portion
140 of the tool string 110 may be in electrical communi-
cation with the electrical conductor 151 of the second
portion 150 of the tool string 110 via the electrical con-
ductor 201 of the HIA 200 and perhaps one or more elec-
trical bulkhead connectors and/or other electrical con-
nectors 280, 285. Furthermore, the electrical conductor
141 of the first portion 140 of the tool string 110, the elec-
trical conductor 201 of the HIA 200, and the electrical
conductor 151 of the second portion 150 of the tool string
110, and perhaps one or more other electrical connectors
280, 285, may be in electrical communication with the
surface equipment 175, such as via the conveyance
means 160.

[0017] As at least partially shown in FIG. 2, the HIA
200 comprises a housing assembly 250 made up of sev-
eral portions, such as an uphole (hereinafter "upper")
housing 252, an upper housing connector 253 coupled
with the upper housing 252, an intermediate housing 254
coupled with the upper housing connector 253, a down-
hole (hereinafter "lower") housing connector 255 coupled
with the intermediate housing 254, a lower housing 256
coupled with the lower housing connector 255, and a stop
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section 257 coupled with the lower housing 256. Each
portion of the housing assembly 250 may be substantially
tubular, comprising at least one central passage and/or
other passages extending longitudinally therethrough.
[0018] The upperhousing 252 may comprise a female-
threaded and/or other interface operable to couple the
HIA 200 with the first portion 140 of the tool string 110.
The intermediate housing 254 may comprise a shoulder
230 protruding radially inward, wherein the shoulder 230
may comprise an inside diameter 231 that is substantially
smaller than the surrounding portions of the intermediate
housing 254. For example, the reduced diameter 231
may be smaller in diameter, relative to the surrounding
portions of the intermediate housing 254, by an amount
ranging between about 10% and about 50%. The re-
duced diameter 231 may range between about 0.5 inches
(orabout 1.3 centimeters) and about 3.5 inches (or about
8.9 centimeters) less than surrounding portions of the
intermediate housing 254, although other values are also
within the scope of the present disclosure.

[0019] The HIA 200 may also comprise a mandrel as-
sembly 220 slidably disposed within a central longitudinal
passageway extending through one or more components
of the housing assembly 250. The housing assembly 250
and the mandrel assembly 220 move in axially opposing
directions relative to each other.

[0020] The mandrel assembly 220 may comprise sev-
eral portions coupled together and defining a central bore
221 extending longitudinally therethrough. For example,
the mandrel assembly 220 may comprise an upper man-
drel 222 slidably extending within the upper housing con-
nector 253, an intermediate mandrel 224 coupled with
the upper mandrel 222 and slidably extending within the
lower housing connector 255, a lower mandrel 226 cou-
pled with the intermediate mandrel 224 and slidably ex-
tending within the stop section 257, and a lower joint con-
nector 228 coupled with the lower mandrel 226. The up-
per housing connector 253, the lower housing connector
255, and the stop section 257 may comprise central pas-
sageways having smaller inside diameters operable to
centralize the mandrel assembly 220 within the housing
assembly 250 and/or form fluid seals againstthe mandrel
assembly 220. The lower joint connector 228 may com-
prise a female thread operable to couple the HIA 200
with the second portion 150 of the tool string 110. An
outwardly extending radial shoulder, boss, flange, and/or
other impact feature 225 may be coupled to the lower
mandrel 226. The first impact feature 225 is operable to
impact or collide with an inwardly extending radial shoul-
der, boss, flange, and/or other impact feature 258, which
may be integral to or otherwise carried by the stop section
257 and/or other component of the housing assembly
250.

[0021] An annular space 270 may be defined between
the mandrel assembly 220 and the housing assembly
250. The annular space 270 may comprise a first or lower
annulus 271, a second or upper annulus 272, a third or
intermediate annulus 273, and a fourth or compensation
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annulus 275. Each annulus 271, 272, 273, 275 of the
annular space 270 is operable to hold a fluid (hereinafter
"internal fluid") therein, whereby, during operations, the
internal fluid may flow between the annuluses in a par-
ticular configuration.

[0022] The housing assembly 250 may comprise one
or more fluid sealing elements, such as may prevent the
internal fluid from escaping or leaking from within the HIA
200. The HIA 200 may also comprise one or more fluid
sealing elements that may prevent the internal fluid from
communicating between the annuluses 271, 272, 273,
275 until predetermined conditions are met.

[0023] Theinternalfluid located within the HIA 200 may
be fluidly isolated from the first portion 140 of the tool
string 110 by the electrical connector 285 disposed within
the upper housing 252. The electrical connector 285 may
be operable to prevent the internal fluid from communi-
cating in the uphole direction 101 from the upper annulus
272 of the HIA 200 into the first portion 140 of the tool
string 110. The internal fluid located within the HIA 200
may also be fluidly isolated from the second portion 150
of the tool string 110 by the electrical connector 280 dis-
posed within the lower joint connector 228. The electrical
connector 280 may be operable to prevent fluid commu-
nication in the downhole direction 102 from within the
lower joint connector 228 of the HIA 200 into the second
portion 150 of the tool string 110.

[0024] Prior to operations, the internal fluid, which may
be a hydraulic oil or other fluid, may be fed into the HIA
200 through fill ports 286, 229 located in the upper hous-
ing 252 and the lower joint connector 228, respectively.
Prior to introduction of the internal fluid into the HIA 200,
substantially all of the air may be extracted to facilitate
the internal fluid filling the annular space 270 and other
internal spaces of the HIA 200, although other methods
may also or instead be utilized to fill the intended por-
tion(s) of the HIA 200 without leaving air therein. Once
the HIA 200 is satisfactorily filled with the internal fluid,
the fill ports 286, 229, may be closed by plugs 287, 227
respectfully.

[0025] The shoulder 230 may interpose the upper and
lower annuluses 272, 271. The pressure compensation
annulus 275 may be defined between the lower housing
connector 255 and the stop section 257. A floating piston
277 may be disposed within the pressure compensation
annulus 275, such as to define a lower portion 278 of the
pressure compensation annulus 275 from an upper por-
tion 276 of the pressure compensation annulus 275. The
upper portion 276 may be in fluid communication with
wellbore fluid located in the wellbore 120, such as through
one or more ports 279, and the lower portion 278 may
be influid communication with the internal fluid previously
introduced into the HIA 200. During operations, as the
housing assembly 250 moves axially relative to the man-
drel assembly 220, the internal fluid may be communi-
cated into and out of the lower portion 278 through one
or more mandrel ports 223 extending between the central
bore 221 and the lower portion 278. The lower housing
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connector 255 and the floating piston 277 may be oper-
able to prevent the wellbore fluid in the upper portion 276
from leaking into and contaminating the internal fluid con-
tained within the lower portion 278 and other portions of
HIA 200. At least a portion of the pressure compensation
annulus 275 may thus be utilized for pressure compen-
sation of wellbore fluid and/or internal fluid contained
within the HIA 200.

[0026] FIG. 3 is an enlarged view of a portion of the
apparatus shown in FIG. 2. Referring to FIGS. 2 and 3
collectively, the HIA 200 comprises a piston 240 fixedly
positioned about the intermediate mandrel 224 and seal-
ingly engaging the shoulder 230 ofthe intermediate hous-
ing 254. The piston 240 may by fixedly coupled to the
intermediate mandrel 224 via threaded engagement.
However, the piston 240 may instead be integrally formed
with the intermediate mandrel 224 or fixedly coupled to
the intermediate mandrel 224 by other means, including,
but not limited to, adhesive, set screw(s), and/or retaining
ring(s).

[0027] The piston 240 may be operable to prevent fluid
communication between the piston 240 and the interme-
diate mandrel 224. The piston 240 may also comprise
an outer surface 241 operable for sealingly engaging the
shoulder 230, such as may reduce or prevent fluid com-
munication between the lower annulus 271 and the in-
termediate annulus 273. For example, the outer surface
241 may comprise an outer finish that is sufficiently
smooth to form a metal-to-metal seal against the shoul-
der 230. The piston 240 may also comprise an O-ring
and/or other fluid-sealing element 244, such as may re-
duce or prevent fluid communication between the shoul-
der 230 and the piston 240.

[0028] The piston 240 may also comprise one or more
check valves 246 disposed within one or more longitudi-
nal bores 247 extending through the piston 240. The
check valves 246 may be operable to allow fluid commu-
nication through the bores 247 in the downhole direction
102, from the intermediate annulus 273 to the lower an-
nulus 271, and to prevent fluid flow from the lower annu-
lus 271 to the intermediate annulus 273. Each longitudi-
nal bore 247 may also comprise a filter 249 disposed
therein and operable to prevent contaminants from flow-
ing through and potentially impairing the function of the
check valves 246. The intermediate annulus 273 may be
defined by the space formed between the intermediate
connector 253 and the piston 240, wherein the interme-
diate annulus 273 increases in volume as the housing
assembly 250 and the mandrel assembly 220 move apart
from each other (e.g., as the housing assembly 250
moves in the uphole direction 101 with respect to the
mandrel assembly 220). The intermediate annulus 273
may be fluidly connected with the upper annulus 272 via
an annular passageway 274 extending between the in-
termediate connector 253 and the upper mandrel 222.
During operations, as the housing assembly 250 moves
with respect to the piston 240 and the mandrel assembly
220, internal fluid may flow between the upper annulus
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272 and the intermediate annulus 273 through the annu-
lar passageway 274.

[0029] The HIA 200 may further comprise a biasing
member 248 positioned within the lower annulus 271 and
operable to urge the housing assembly 250 and the man-
drel assembly 220 toward a first position, in which the
piston 240 is positioned within the shoulder 230 and
against the intermediate connector 253. For example,
FIG. 2 depicts the biasing member 248 as being or com-
prising a spring urging the piston 240 and the lower hous-
ing connector 255 away from each other such that the
piston 240 is positioned within the shoulder 230 and
against the intermediate connector 253.

[0030] As described above, the intermediate housing
254 may comprise a shoulder 230 protruding radially in-
ward from and/or relative to an internal surface of the
intermediate housing 254. The intermediate housing 254
may also comprise one or more fluid channels 232 ex-
tending longitudinally through a portion of the intermedi-
ate housing 254 from the upper side of the shoulder 230
to the lower side of the shoulder 230. The upper end of
the shoulder 230 may fluidly seal against the lower end
of the upper housing connector 253 to define an annular
channel 234 extending circumferentially between the
shoulder 230 and the upper housing connector 253,
wherein the upper end of the fluid channels 232 may
fluidly connect with the annular channel 234.

[0031] FIG. 4 is a sectional view of a portion of the HIA
200 shown in FIG. 1. FIG. 5 is an enlarged portion of FIG.
4 that depicts the piston 240, the shoulder 230, the upper
housing connector 253, and a pressure relief assembly
260 according to one or more aspects of the present dis-
closure. Collectively, FIGS. 4 and 5 depict the pressure
relief assembly 260 positioned within the upper housing
connector 253. The pressure relief assembly 260 may
control fluid flow from the lower annulus 271 to the upper
annulus 272 based on a pressure of the internal fluid in
the lower annulus 271 relative to a set, cracking, or relief
pressure (hereafter collectively referred to as "set pres-
sure") of the pressure relief assembly 260. The pressure
relief assembly 260 may comprise multiple pressure re-
lief valves 266a-d operable to prevent communication or
relief of internal fluid from the lower annulus 271 to the
upper annulus 272 until a set pressure of one or more
pressure relief valves 266a-d is exceeded. For example,
when the pressure in the lower annulus 271 exceeds the
set pressure of at least one of the pressure relief valves
266a-d, the pressure relief assembly 260 may allow fluid
communication therethrough.

[0032] FIG. 6is a sectional view of a portion of the HIA
200 shown in FIG. 5 according to one or more aspects
of the present disclosure. Referring to FIGS. 4-6. collec-
tively, the pressure relief assembly 260 may comprise
multiple pressure relief valves 266a-d positioned within
corresponding cavities 263a-d extending into the upper
housing connector 253. The cavities 263a-d may extend
from the exterior surface of the upper housing connector
253 and into the internal portion thereof, without inter-

10

15

20

25

30

35

40

45

50

55

cepting the annular passageway 274. The cavities 263a-
dmay also befluidly coupled in parallel between the lower
annulus 271 and the upper annulus 272. The cavities
263a-d may extend between a first fluid channel 261 and
a second fluid channel 262, wherein the fluid channels
261, 262 may extend longitudinally through the upper
housing connector 253. The first fluid channel 261 may
fluidly connect the annular channel 234 with the cavities
263a-d at an intermediate point along the cavities 263a-
d, which may be between the outer openings and the
inner bottoms of the cavities 263a-d. The upper end of
the first fluid channel 361 may comprise a plug 267 to
prevent internal fluid from communicating into the upper
annulus 272. The second fluid channel 262 may fluidly
connect the cavities 263a-d with the upper annulus 272
at the inner bottoms of the cavities 263a-d. Each of the
cavities 263a-d may be operable to receive a threaded
plug 265a-d therein, wherein each cavity 263a-d may
comprise a threaded portion for receiving a threaded plug
265a-d therein. The plugs 265a-d may be translated
(e.g., screwed in or out) along the cavities 263a-d to block
or unblock (i.e., prevent or allow) fluid communication
between the first fluid channel 261 and each of the cor-
responding cavities 263a-d.

[0033] Forexample,ifthe fourth plug 265d is translated
away from the first channel 261, the internal fluid may
communicate into the fourth cavity 263d and, therefore,
communicate with the fourth relief valve 266d. Likewise,
if the third plug 265c is translated away from the first
channel 261 and the fourth plug 265d is also translated
away from the first channel 261, the internal fluid may
communicate into the third cavity 263c and, therefore,
communicate with the third relief valve 266¢. Also, if the
second plug 265b is translated away from the first chan-
nel 261 and the third and fourth plugs 265c, 265d are
also translated away from the first channel 261, the in-
ternal fluid may communicate into the second cavity 263b
and, therefore, communicate with the second relief valve
266b. If the first plug 265a is translated away from the
first channel 261 and the second, third, and fourth plugs
265b, 265¢, 265d are also translated away from the first
channel 261, the internal fluid may communicate into the
first cavity 263a and, therefore, communicate with the
first relief valve 266a.

[0034] Each pressure relief valve 266a-d may be or
comprise a cartridge type pressure relief valve that may
be insertable into the cavities 263a-d. Each pressure re-
lief valve 266a-d may comprise a different set pressure
to allow internal fluid to communicate or relieve through
each cavity 263a-d at different predetermined pressures.
Such configuration may allow the pressure relief assem-
bly 260 to allow internal fluid to communicate or relieve
through the pressure relief assembly 260 from the lower
annulus 271 to the upper annulus 272 at different prede-
termined pressures, allowing the set pressure to be ad-
justed withoutremoving the pressure reliefassembly 260
or the individual pressure relief valves 266a-d from the
HIA 200. Since each plug 265a-d may prevent fluid com-
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munication into a blocked cavity and any other cavity
located downstream (i.e., in the uphole direction 101)
along the first channel 261, the relief valves 266a-d may
be inserted into the cavities 263a-d in order of increasing
set pressure, wherein the first pressure relief valve 266a
comprises a lowest set pressure and the fourth pressure
relief valve 266d comprises a highest set pressure.
[0035] Forexample, the first pressure relief valve 266a
may comprise a set pressure of about 500 pounds per
square inch (psi), the second pressure relief valve 266b
may comprise a set pressure of about 1000 psi, the third
pressure relief valve 266¢c may comprise a set pressure
of about 2000 psi, and the fourth pressure relief valve
266d may comprise a set pressure of about 3000 psi.
Accordingly, the effective set pressure may be selected
from 500 psi intervals within a range of 500 psi to 6500
psi (500 + 1000 + 2000 + 3000 = 6500). However, other
set pressures, intervals, and ranges are also within the
scope of the present disclosure.

[0036] Instead of the pressure relief valves 266a-d, the
cavities 263a-d may receive therein burst disks, hydraulic
fuses, and/or other types of pressure relief devices
known in the art. Although FIGS. 4 and 5 show the pres-
sure relief assembly 260 comprising four sets of cavities
263a-d, pressure relief valves 266a-d, and plugs 265a-
d, it should be understood that the pressure relief valve
260 may comprise two, three, five, or more sets of cav-
ities, pressure relief valves, and plugs, which may com-
prise the same or similar structure and/or function as de-
scribed herein.

[0037] FIGS. 7,8, and 9 are sectional views of the HIA
200 shown in FIG. 1 in various stages of operation ac-
cording to one or more aspects of the present disclosure.
Referring to FIGS. 1, 4, and 7-9, collectively, the housing
assembly 250 is movable with respect to the mandrel
assembly 220 between the first or a latched position,
shown in FIG. 7, a second or release position, shown in
FIG. 8, and a third or impact position, shown in FIG. 9.
During operations, when a component of the second por-
tion 150 of the tool string 110 becomes stuck, such that
it is desired to deliver an impact to the second portion
150 of the tool string 110 in the uphole direction 101, a
tension load may be applied to the HIA 200 while the HIA
200isinthe latched position (FIG. 7), in which the housing
assembly 250 and the mandrel assembly 220 are retract-
ed and latched together. When tension is applied to the
HIA 200, pressure increases within the lower annulus
271 as the internal fluid is sealed therein by the piston
240 and the lower housing connector 255 to prevent the
housing assembly 250 from moving with respect to the
mandrel assembly 220. The pressure relief assembly 260
may also prevent the internal fluid from communicating
from the lower annulus 271 into the upper annulus 272.
For example, as depicted in FIGS. 3 and 5, the pressure
relief valves 266a-d may block the internal fluid from com-
municating from the lower annulus 271 into the upper
annulus 272 through an internal fluid passageway sys-
tem comprising the fluid channels 232,234, 261, 262 and
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the cavities 263a-d, which collectively extend between
the lower annulus 271 and the upper annulus 272.
[0038] When sufficient tension is applied to the HIA
200, fluid pressure within the lower annulus 271 may ex-
ceed the set pressure of the pressure relief assembly
260, thus allowing internal fluid to escape or communi-
cate through the pressure relief assembly 260. There-
fore, the pressure reliefassembly 260 may be set to allow
internal fluid to escape from the lower annulus 271 at a
desired pressure, which may correspond to a tension
load that is believed to be sufficient or necessary to free
the stuck tool string. Thus, when the set pressure in the
lower annulus 271 is reached, atleast one of the pressure
relief valves 266a-d may shift open to allow fluid commu-
nication through a corresponding cavity 263a-d to, there-
fore, allow the housing assembly 250 to move with re-
spect to the stationary mandrel assembly 220.

[0039] As depicted in FIGS. 3 and 5 collectively, the
internal fluid may first flow from the upper annulus 271
into and through the fluid channel 232, as indicated by
the arrows 15. The internal fluid may then flow into the
annular channel 234 between the shoulder 230 and the
upper housing connector 253. Thereafter, the internal
fluid may flow into the first fluid channel 261 and into one
or more of the cavities 263a-d to bypass one or more
cracked or opened pressure relief valves 266a-d. Once
the internal fluid bypasses the pressure relief valves
266a-d, the internal fluid may relieve or communicate
into the upper annulus 272 through the second fluid chan-
nel 262. For example, FIG. 5 depicts the third and fourth
plugs 265c, 265d translated away from the first fluid chan-
nel 261, to allow the third relief valve 263c to open and
allow internal fluid to communicate through the third cav-
ity 263c. Because of the restrictive nature of the fluid
channels 232, 234, 261, and 262 and the pressure relief
valves 266a-d, the internal fluid may be metered as it
passes from the lower annulus 271 to the upper annulus
272, slowing the movement of the housing assembly 250
with respect to the mandrel assembly 220. The resulting
fluid metering may create a time delay from when the
housing assembly 250 starts to move until the time when
the shoulder 230 moves past the piston 240, as depicted
in FIGS. 8 and 10, wherein FIG. 10 depicts an enlarged
portion of the HIA 200 shown in FIG. 8. Another flow
control valve, such as a metering valve (not shown), may
be positioned along one of the fluid channels 232, 234,
261, and 262 to further control the rate of fluid flow there-
through if additional time delay or fluid metering is de-
sired.

[0040] Referring to FIGS. 1 and 8-10, collectively, as
the internal fluid communicates out of the lower annulus
271, the housing assembly 250 moves in the uphole di-
rection 101 as the mandrel assembly 220 remains es-
sentially static, being attached to the second portion 150
of the tool string 110 that is stuck in the wellbore 120. As
the upper housing connector 253 moves away from the
piston 240, the intermediate annulus 273 increases in
volume as the internal fluid moves therein from the upper
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annulus 272 through the annular passageway 274. When
the shoulder 230 moves past the piston 240, the annular
space between the piston 240 and the intermediate hous-
ing 254 opens significantly, allowing the internal fluid to
bypass the piston 240 and move from the lower annulus
271 to the intermediate annulus 273 at a substantially
higher flow rate. Therefore, when the shoulder 230
moves past the piston 240, the housing assembly 250
may move essentially freely with respect to the mandrel
assembly 220.

[0041] The tool string 110 and/or the conveyance
means 160 may then contract, accelerating the housing
250 in the uphole direction 101 until the piston 240 and
the shoulder 230 move sufficiently far apart and the sec-
ond impact feature 258 impacts the first impact feature
225, thus creating an impact intended to free the second
portion 150 of the tool string 110. The impact between
the second impact feature 258 and the firstimpact feature
225isdepictedin FIGS.9and 11, wherein FIG. 11 depicts
an enlarged portion of the HIA 200 shown in FIG. 9. The
higher the tension force applied to the HIA 200, which
may be proportional to the set pressure of the pressure
relief assembly 260, the faster the acceleration of the
housing assembly 250, and the greater the impact force
generated by the first and second impact shoulders 225,
258.

[0042] FIGS. 7, 8, and 9 further show that, during op-
erations, the biasing member 248 is compressed as the
housing assembly 250 moves with respect to the mandrel
assembly 220. After the impact between the first and sec-
ond impact shoulders 225, 258, the biasing spring 248
urges or pushes the piston 240 and the lower housing
connector 255 away from each other to urge the housing
assembly 250 and the mandrel assembly 220 toward the
first position, thus resetting the HIA 200 to deliver another
impact. As the shoulder 230 moves in the downhole di-
rection 102 about the piston 240, the internal fluid may
communicate from the intermediate annulus 273 into the
lower annulus 271 through the one or more check valves
246 disposed in the one or more longitudinal bores 247
of the piston 240, as shown in FIG. 3. The ability to reset
the HIA 200 using the biasing member 248 may be ben-
eficial when, for example, external compression forces
are not available or are insufficient to move the housing
assembly 250 and the mandrel assembly 220 to the first
position.

[0043] FIG. 12 is a sectional view of at least a portion
of an example implementation of the HIA 200 shown in
FIG. 1 according to one or more aspects of the present
disclosure. In particular, instead of or in addition to the
pressure relief assembly 260, the HIA 200 may comprise
a pressure relief assembly 360, operable to allow fluid
communication from the lower annulus 271 to the upper
annulus 272 at a predetermined set relief pressures. Re-
ferring to FIGS. 6 and 12, collectively, the pressure relief
assembly 360 may comprise multiple pressure relief
valves 366a-d positioned within corresponding cavities
363a-d extending into the upper housing connector 253.

10

15

20

25

30

35

40

45

50

55

The cavities 363a-d may extend from the exterior surface
of the upper housing connector 253 and into the internal
portion thereof, without intercepting the annular pas-
sageway 274. The cavities 363a-d may also be fluidly
coupled in parallel between the lower annulus 271 and
the upper annulus 272. In particular, the cavities 363a-d
may extend between a first fluid channel 361 and a sec-
ond fluid channel 362, wherein the fluid channels 361,
362 extend longitudinally through the upper housing con-
nector 253. The first fluid channel 361 may fluidly connect
the annular channel 234 and the cavities 363a-d at an
intermediate point along the cavities 363a-d between the
outer openings and the inner bottoms of the cavities
363a-d. The upper end of the first fluid channel 361 may
comprise a plug 367 to prevent internal fluid from com-
municating into the upper annulus 272. The second fluid
channel 362 may fluidly connect the upper annulus 272
and the cavities 363a-d at the inner bottoms of the cav-
ities 363a-d. Each of the cavities 363a-d may be operable
to receive a threaded plug 365a-d therein, wherein each
cavity 363a-d may comprise a threaded portion for re-
ceiving a threaded plug 365a-d therein. The plugs 365a-
d may be translated along the cavities 363a-d to block
or unblock fluid communication between the first channel
361 and each of the corresponding cavities 363a-d.
[0044] Forexample,ifthe fourth plug 365d is translated
away from the first channel 361, the internal fluid may
communicate into the fourth cavity 363d and, therefore,
communicate with the fourth relief valve 366d. Likewise,
if the third plug 365c is translated away from the first
channel 361 and the fourth plug 365d is also translated
away from the first channel 361, the internal fluid may
communicate into the third cavity 363c and, therefore,
communicate with the third relief valve 366¢. Also, if the
second plug 365b is translated away from the first chan-
nel 361 and the third and fourth plugs 365c, 365d are
also translated away from the first channel 361, the in-
ternal fluid may communicate into the second cavity 363b
and, therefore, communicate with the second relief valve
366b. If the first plug 365a is translated away from the
first channel 361 and the second, third, and fourth plugs
365b, 365c, 365d are also translated away from the first
channel 361, the internal fluid may communicate into the
first cavity 363a and, therefore, communicate with the
first relief valve 366a.

[0045] Each pressure relief valve 366a-d may be or
comprise a cartridge type pressure relief valve that may
be insertable into cavities 363a-d. Each pressure relief
valve 366a-d may comprise a different set pressure to
allow internal fluid to communicate or relieve through
each cavity 363a-d at different predetermined pressures.
Such configuration may allow the pressure relief assem-
bly 360 to allow internal fluid to communicate or relieve
through the pressure relief assembly 360 from the lower
annulus 271 to the upper annulus 272 at different prede-
termined pressures. Since each plug 365a-d may prevent
internal fluid communication into the blocked cavity and
any other cavity located downstream (e.g., in the uphole
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direction 101), along the first channel 361, the relief
valves 366a-d may be inserted into the cavities 363a-d
in order of increasing set pressure, wherein the first pres-
sure relief valve 366a comprises the lowest set pressure
and the fourth pressure relief valve 366d comprises the
highest set pressure.

[0046] The pressure relief valves 366a-d may com-
prise set relief pressures that are the same or similar to
set pressures of the pressure relief valves 266a-d of the
pressure relief assembly 260. Alternatively, the pressure
relief valves 366a-d may comprise set pressures that are
higher than the set pressures of the pressure relief valves
of 266a-d. For example, the first pressure relief valve
366a may comprise a set pressure of about 3500 psi, the
second pressure relief valve 366b may comprise a set
pressure of about 4000 psi, the third pressure relief valve
366¢c may comprise a set pressure of about 5000 psi,
and the fourth pressure relief valve 366d may comprise
a set pressure of about 6000 psi. Accordingly, the effec-
tive set pressure may be selected from various values
within a range of 3500 psi to 18,500 psi (3500 + 4000 +
5000 + 6000 = 6500). However, other set pressures, in-
tervals, and ranges are also within the scope of the
present disclosure.

[0047] In still another example implementation of the
HIA 200, instead of the pressure relief valves 366a-d, the
cavities 363a-d may receive therein burst disks, hydraulic
fuses, and/or other types of pressure relief devices (not
shown) known in the art. Although FIG. 12 shows the
pressure relief assembly 360 comprising four sets of cav-
ities 363a-d, pressure relief valves 366a-d, and plugs
365a-d, it should be understood that the pressure relief
valve 360 may comprise two, three, five, or more sets of
cavities, pressure relief valves, and plugs, which can
function or interact in the same or similar manner as de-
scribed herein.

[0048] The general structure and function of the pres-
sure relief assembly 360 may be the same or similar to
that of the pressure relief assembly 260 described above.
However, the pressure relief assembly 360 may further
comprise a flow control and/or shut-off valve 370 dis-
posed along the second fluid channel 362, such as to
selectively prevent internal fluid from communicating
from the lower annulus 271 to the upper annulus 272.
For example, FIG. 12 depicts a solenoid operated shut-
off valve 370 positioned along the second fluid channel
362 between the first cavity 363a and the upper annulus
272. The shut-off valve 370 may comprise a blocking
portion 374 operable for blocking fluid flow through the
second fluid channel 362, wherein the blocking portion
374 may be selectively actuated by a solenoid 372 to
shift between an open-flow positon (i.e., allowing fluid
flow therethrough) and a closed-flow position (i.e., not
allowing fluid flow therethrough). When shifted to the
open-flow position, the blocking portion 374 allows inter-
nal fluid to communicate through the second flow channel
362 into the upper annulus 272. The solenoid may be
positioned in a cavity 364 extending into the upper hous-
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ing connector 253 and retained therein by a solenoid re-
tainer plate 368.

[0049] Duringoperations, the pressure relief assembly
360 may allow internal fluid to communicate from the
lower annulus 271 to the upper annulus 272 if the pres-
sure in the lower annulus 271 exceeds the set pressure
of one or more pressure relief valves 366a-d that are
exposed to the first fluid channel 361 and if the shut-off
valve 370 is shifted to the open-flow position. Therefore,
although the pressure in the lower annulus 271 may ex-
ceed the set pressure of one or more of the pressure
relief valves 366a-d, internal fluid may not communicate
from the lower annulus 271 to the upper annulus 272
through the fluid passageway system comprising the fluid
channels 232, 234, 361, 362 and the cavities 363a-d,
until the shut-off valve 370 is shifted to the open-flow
position. Alternatively, instead of the shut-off valve 370,
the HIA 200 may comprise a different flow control valve
to remotely control fluid communication out of the lower
annulus 271, including pilot-operated valves, cartridge
valves, poppet valves, plunger valves, diaphragmvalves,
and/or other examples of flow control devices known in
the art.

[0050] The shut-off valve 370 may comprise a normally
closed configuration, wherein the shut-off valve 370 may
be operable to remain in the closed-flow position when
not actuated by the solenoid 372 and shift to the open-
flow position when actuated by the solenoid 372. The
shut-off valve 370 may be operable to detect an electrical
characteristic of the electrical conductor 201 to actuate
the blocking portion 374 to the open-flow position to allow
fluid communication through the pressure relief assem-
bly 360 when the pressure in the lower annulus exceeds
the set pressure of at least one of the pressure relief
valves 366a-d. When the electrical characteristic is not
present, the blocking member 374 of the shut-off valve
370 does not allow fluid communication through the sec-
ond fluid channel 362 and, therefore, does not allow fluid
communication through the pressure reliefassembly 360
even when the pressure in the lower annulus exceeds
the setpressure of atleastone pressure reliefvalve 366a-
d.

[0051] The electrical characteristic detected by the
shut-off valve 370 may be a substantially non-zero volt-
age and/or current, such as in implementations in which
the electrical characteristic is a voltage substantially
greater than about 0.01 volts and/or a current substan-
tially greater than about 0.001 amperes. For example,
the electrical characteristic may be a voltage substantial-
ly greater than about 0.1 volts and/or a current substan-
tially greater than about 0.01 amperes. However, other
values are also within the scope of the presentdisclosure.
Alternatively, the solenoid 372 of the shut-off valve 370
may receive an electrical characteristic from another
source, including, for example, another electrical con-
ductor (not shown) extending between the surface and
the HIA 200 or a battery (not shown) located within the
HIA 200.



17 EP 3 204 594 B1 18

[0052] During operations of the HIA 200, the pressure
relief assembly 360 may be operable to set additional
relief pressures. For example, referring to FIGS. 5 and
12, if the desired pressure at which to create an impact
is 5000 psi, plugs 265a-d of the pressure relief assembly
260 may be translated (not shown) to fluidly isolate (e.g.,
plug off) the cavities 263a-d from the first channel 261.
However, since the fourth plug 265d fluidly isolates the
cavities 263a-d from the first fluid channel 261, it may
only be necessary to translate the fourth plug 265d to
also isolate the remaining cavities 263a-d. Thereatfter,
plugs 365a, 365b of the pressure relief assembly 360
may be translated to fluidly isolate the first and second
cavities 363a, 363b from the first channel 361. However,
since the second plug fluidly isolates cavities 363a, 363b
from the first fluid channel 361, it may only be necessary
to translate the second plug 365b to also isolate the first
cavity 363a. The third and fourth plugs 365c, 365d may
be translated away from the first fluid channel 361 to allow
fluid communication with the third cavity 363c and the
third pressure relief valve 366c¢. At this point the HIA 200
is configured to allow internal fluid from the lower annulus
271to communicate with the third and the fourth pressure
relief valves 366¢, 366d. When the fluid pressure in the
lower relief annulus 271 exceeds 5000 psi, the third pres-
sure relief valve 366d may shift to allow internal fluid to
communicate through the third cavity 363c and, there-
fore, the second fluid channel 362, as indicated by the
arrows 16. It should be noted that internal fluid will be
allowed to communicate through the third cavity 363c
only if the shut-off valve is in the open-flow position.
[0053] Alternatively, both pressure relief assemblies
260, 360 may be utilized simultaneously. For example,
the pressure relief assembly 360 may be operable to set
a desired pressure at which the HIA 200 creates an im-
pact, while the pressure relief assembly 260 may be op-
erable for safety or fail-safe purposes. In this configura-
tion, for example, the pressure relief valves 366a-d of the
pressure relief assembly 360 may comprise set pres-
sures of 500 psi, 1000 psi, 2000 psi, and 3000 psi, re-
spectively, while the pressure relief valves 266a-d of the
pressure relief assembly 260 may comprise set pres-
sures of 3500 psi, 4000 psi, 5000 psi, and 6000 psi, re-
spectively. The pressure relief assembly 260 may relieve
internal fluid from the lower annulus 271 to the upper
annulus 272 when the pressure in the lower annulus 271
reaches a predetermined set pressure of the pressure
relief assembly 260, if the internal fluid in the lower an-
nulus 271 did not first relieve through pressure relief as-
sembly 360 at its predetermined set pressure, which is
lower than the set pressure of the pressure relief assem-
bly 260. The pressure relief assembly 360 may notrelieve
internal fluid at the set pressure if, for example, the shut-
off valve is not actuated to the open-flow position or one
or more of the pressure relief valves 366a-d are stuck in
the closed-flow position.

[0054] Alternatively, the pressure relief assembly 360
may be operable to remotely trigger the HIA 200 to create
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an impact. For example, if the pressure relief valve 360
is settorelieve internal fluid at 1000 psi, the shut-off valve
may be operable to trigger the impact at any time after
the pressure in the lower annulus 271 exceeds 1000 psi.
Therefore, the electrical conductor 201 may actuate the
shut-off valve 370 to the open-flow position at, for exam-
ple, 1500 psi, to relieve the internal fluid in the lower an-
nulus 271 to the upper annulus 272 to cause the housing
assembly 250 to move with respect to the mandrel as-
sembly 220 and, therefore, trigger the impact. Also, the
electrical conductor 201 may continuously actuate the
shut-off valve 370 to the open-flow position, inwhich case
the internal fluid in the lower annulus 271 may relieve to
the upper annulus 272 as soon as the fluid pressure in
the lower annulus 271 exceeds the set pressure of the
pressure relief assembly 360.

[0055] FIG. 13is aflow-chart diagram of at least a por-
tion of an example implementation of a method (400) of
operation utilizing the HIA 200 according to one or more
aspects of the presentdisclosure, such as in the example
operating environment depicted in FIG. 1, among others
within the scope of the present disclosure. Referring to
FIGS. 1-3, 5, 7-9, 12, and 13, collectively, the method
(400) may comprise conveying (410) the HIA 200 within
the wellbore 120 in a downhole direction 102 with the
HIA 200 coupled between the first portion 140 and the
second portion 150 of the tool string 110, whether as part
of the tool string 110 before the tool string 110 gets stuck,
or after the tool string 110 is already stuck in the wellbore
120. During the conveying (410), the HIA 200 may be in
the configuration shown in FIGS. 2 and 7, in which the
HIA 200 is in the first or reset position. The method (400)
may further comprise operating (430) the HIA 200 to im-
part an impact to the second portion 150 of the tool string
110.

[0056] The method (400) may further comprise adjust-
ing (420) one or more set pressures of the pressure relief
assembly 260, 360 prior to conveying the tool string 110
within the wellbore 120. As described above, the pres-
sure relief assembly 260, 360 comprises multiple individ-
ually activated pressure relief valves 266a-d, 366a-d.
Therefore, adjusting (420) the set relief pressure of the
pressure relief assembly 260, 360 may comprise activat-
ing (422) atleast one of a plurality of pressure relief valves
266a-d, 366a-d.

[0057] As described above, the pressure relief assem-
bly 260, 360 may further comprise a plurality of plugs
265a-d, 365a-d, each operable with a corresponding one
of the plurality of pressure relief valves 266a-d, 366a-d.
Hence, activating (422) at least one of the plurality of
pressure relief valves 266a-d, 366a-d may comprise
moving (424) a corresponding one of the plurality of plugs
265a-d, 365a-d to permit fluid communication between
the lower and upper annulus portions 271, 272 via the at
least one activated pressure relief valve 266a-d, 366a-d.
[0058] As described above, the HIA 200 may further
comprise a flow control valve or a shut-off valve 370,
wherein operating the HIA 200 comprises remotely op-
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erating (432) the shut-off valve 370 to permit fluid com-
munication through the pressure relief assembly 360 af-
ter a predetermined tension is applied to the HIA 200.
Remotely operating (432) the shut-off valve 370 may
comprise remotely operating (434) the shut-off valve with
a solenoid 372 to permit fluid communication through the
pressure relief assembly 360 after a predetermined ten-
sion is applied to the HIA 200.

[0059] In view of the entirety of the present disclosure,
including the figures and the claims, a person having or-
dinary skill in the art will readily appreciate that the
present disclosure introduces an apparatus comprising:
a hydraulic jar coupled between opposing first and sec-
ond portions of a downhole tool string, wherein the hy-
draulic jar comprises: a housing comprising a shoulder
protruding radially inward from an internal surface of the
housing; a shaft disposed within the housing, wherein
the housing and the shaft move axially relative to each
other, and wherein the shoulder axially interposes first
and second portions of an annulus formed between the
shaft and the housing; a piston fixedly positioned about
the shaft and fluidly sealed against the shoulder; and a
pressure relief device controlling fluid flow from the first
annulus portion to the second annulus portion based on
a pressure of the fluid in the first annulus portion relative
to a set pressure of the pressure relief device.

[0060] The housing may be substantially tubular.
[0061] The fluid may be hydraulic oil.

[0062] The axially relative movement of the housing
and the shaft may be between: a first position in which
the piston fluidly seals against the shoulder; and a second
position in which the piston is longitudinally offset from
the shoulder, thus permitting the fluid to flow from the
first annulus portion to the second annulus portion via a
third annulus portion between the shoulder and the shaft.
When the housing and the shaft are in the first position,
the piston may prevent fluid flow through the third annulus
portion. When the pressure in the first annulus portion
exceeds the set pressure of the pressure relief device,
the fluid may be communicated from the first annulus
portion to the second annulus portion via the pressure
relief device. The housing and the shaft may move away
from the first position and toward the second position in
response to the fluid being communicated from the first
annulus portion to the second annulus portion via the
pressure relief device. The shaft may comprise a first
impact feature, the housing may comprise a second im-
pact feature, and the first and second impact features
may impact when the housing and the shaft are in the
second position.

[0063] The pressure relief device may comprise a plu-
rality of pressure relief valves each selectable to relieve
the fluid from the first annulus portion to the second an-
nulus portion. The plurality of pressure relief valves may
be fluidly coupled in parallel between the first and second
annulus portions. Such apparatus may further comprise
a plurality of plugs each movable to selectively prevent
communication between the fluid and a corresponding
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one of the plurality of pressure relief valves. Each of the
plurality of pressure relief valves may have a substantially
different set pressure relative to each of the other pres-
sure relief valves. The plurality of pressure relief valves
may comprise: a first pressure relief valve having a first
set pressure of about 500 pounds per square inch (psi);
a second pressure relief valve having a second set pres-
sure of about 1000 psi; and a third pressure relief valve
having a third set pressure of about 2000 psi.

[0064] The apparatus may further comprise a biasing
member positioned in the first annulus portion operable
to urge the housing and the shaft towards the first posi-
tion.

[0065] The present disclosure also introduces an ap-
paratus comprising: a hydraulic jar coupled between op-
posing firstand second portions of adownhole tool string,
wherein the hydraulic jar comprises: a housing compris-
ing a first longitudinal bore extending therethough,
wherein a substantial portion of the first longitudinal bore
has a first diameter; a mandrel having a second longitu-
dinal bore extending therethough, wherein an annulus
formed around the mandrel within the first longitudinal
bore comprises a fluid, and wherein the housing and the
mandrel are moveable relatively in first and second axi-
ally opposing directions; an electrical conductor electri-
cally coupling the first and second portions of the down-
hole tool string and extending through the second longi-
tudinal bore; a piston carried with the mandrel and fluidly
sealing against a reduced diameter section of the hous-
ing, wherein the reduced diameter section has a second
diameter that is substantially less than the first diameter
of the first longitudinal bore, and wherein the reduced
diameter section collectively interposes first and second
longitudinally offset portions of the annulus; and a pres-
sure relief device controlling fluid communication from
the first annulus portion to the second annulus portion
based on a pressure of fluid in the first annulus portion
and an electrical status of the electrical conductor.
[0066] The pressure relief device may prevent fluid
communication from the first annulus portion to the sec-
ond annulus portion when the pressure of fluid in the first
annulus portion is less than a first pressure. The pressure
relief device may permit fluid communication from the
first annulus portion to the second annulus portion when
the pressure of fluid in the first annulus portion is greater
than the first pressure and less than a second pressure
and the electrical status is a first electrical status but not
asecond electrical status. The pressure relief device may
permit fluid communication from the first annulus portion
to the second annulus portion when the pressure of fluid
in the first annulus portion is greater than the second
pressure and the electrical status is the second electrical
status but not the first electrical status. The first electrical
status may comprise the existence of a substantially non-
zero voltage or current, and the second electrical status
may comprise the existence of substantially no voltage
or current. The first electrical status may comprise the
existence of at least one of: a voltage greater than about
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0.01 volts; and a current greater than about 0.001 am-
peres; and the second electrical status may comprise the
existence of each of: a voltage less than about 0.01 volts;
andacurrentlessthanabout 0.001 amperes. The second
electric status may comprise the existence of substan-
tially no voltage or current. At least one of the first and
second pressures may be adjustable without removing
the pressure relief device from the apparatus.

[0067] The pressure relief device may comprise a plu-
rality of pressure relief valves. The plurality of pressure
relief valves may be collectively hydraulically coupled in
parallel between the first and second annulus portions.
Such hydraulic jar may further comprise a plurality of
plugs, wherein each of the plurality of plugs is movable
to selectively prevent communication between the fluid
in the first annulus portion and a corresponding one of
the plurality of pressure relief valves. Each of the plurality
of pressure relief valves may have a substantially differ-
ent set pressure relative to each of the other pressure
relief valves. The plurality of pressure relief valves may
comprise: a first pressure relief valve having a first set
pressure of about 500 pounds per square inch (psi); a
second pressure relief valve having a second set pres-
sure of about 1000 psi; and a third pressure relief valve
having a third set pressure of about 2000 psi.

[0068] The pressure relief device may selectively pre-
vent fluid communication from the first annulus portion
to the second annulus portion based on hydraulic pres-
sure of the fluid within the first annulus portion.

[0069] The fluid may communicate from the first annu-
lus portion to the second annulus portion when a hydrau-
licpressure of the fluid in the firstannulus portion exceeds
the set pressure of the pressure relief device, thereby
allowing the mandrel to move in the first direction.
[0070] The mandrel may comprise a first impact fea-
ture, the housing may comprise a second impact feature,
and the firstand second impactfeatures may impacteach
other after the piston and shoulder move sufficiently far
apart.

[0071] Thehydraulicjar may further comprise a biasing
member positioned about the mandrel and operable to
resist relative movement of the piston and the reduced
diameter section of the housing away from each other.
[0072] The present disclosure also introduces a meth-
od comprising: conveying a tool string within a wellbore
in a downhole direction, wherein a hydraulic jar coupled
between uphole and downhole portions of the tool string
comprises: a housing comprising a shoulder protruding
radially inward from an internal surface of the housing; a
shaft disposed within the housing, wherein the housing
and the shaft move axially relative to each other, and
wherein the shoulder axially interposes first and second
portions of an annulus formed between the shaft and the
housing; a piston fixedly positioned about the shaft and
fluidly sealed against the shoulder; and a pressure relief
device controlling fluid flow from the first annulus portion
to the second annulus portion based on a pressure of
the fluid in the first annulus portion relative to a set pres-
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sure of the pressure relief device; and operating the hy-
draulic jar to impart an impact to the downhole portion of
the tool string.

[0073] The method may further comprise adjusting a
set pressure of the pressure relief device prior to con-
veying the tool string within the wellbore and operating
the hydraulic jar to impart the impact to the downhole
portion of the tool string. The pressure relief device may
comprise a plurality of individually activated pressure re-
lief valves, and adjusting the set pressure of the pressure
relief device may comprise activating at least one of a
plurality of pressure relief valves. The pressure relief de-
vice may further comprise a plurality of plugs each oper-
able with a corresponding one of the plurality of relief
valves, and activating at least one of the plurality of pres-
sure relief valves may comprise moving a corresponding
one of the plurality of plugs to permit fluid communication
between the first and second annulus portions via the at
least one activated pressure relief valve.

[0074] The hydraulic jar may further comprise a flow
control valve, and operating the hydraulic jar may com-
prise remotely operating the flow control valve to permit
fluid communication through the pressure relief device
after a predetermined tension is applied to the hydraulic
jar. Remotely operating the flow control valve may com-
prise remotely operating the flow control valve with a so-
lenoid to permit fluid communication through the pres-
surereliefdevice after a predetermined tension is applied
to the hydraulic jar.

[0075] The foregoing outlines features of several em-
bodiments so that a person having ordinary skill in the
art may better understand the aspects of the present dis-
closure. A person having ordinary skill in the art should
appreciate that they may readily use the present disclo-
sure as a basis for designing or modifying other process-
es and structures for carrying out the same purposes
and/or achieving the same advantages of the embodi-
ments introduced herein. A person having ordinary skill
in the art should also realize that such equivalent con-
structions do not depart from the scope of the present
disclosure, and that they may make various changes,
substitutions and alterations herein without departing
from the scope of the present disclosure.

Claims

1. An apparatus, comprising a hydraulic jar (200) for
coupling between opposing firstand second portions
(140, 150) of a downhole tool string (110), wherein
the hydraulic jar (200) comprises:

a housing (250) comprising a shoulder (230)
protruding radially inward from an internal sur-
face of the housing;

a shaft (220) disposed within the housing,
wherein the housing (250) and the shaft (220)
move axially relative to each other, and wherein
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the shoulder (230) axially interposes first and
second portions (271, 272) of an annulus (270)
formed between the shaft (220) and the housing
(250);

a piston (240) fixedly coupled with the shaft
(220) and fluidly sealed against the shoulder
(230); characterised in that the hydraulic jar
(200) further comprises a pressure relief device
(260) controlling fluid flow from the first annulus
portion (271) to the second annulus portion
(272) based on a pressure of the fluid in the first
annulus portion (271) relative to a set pressure
of the pressure relief device (260), wherein the
pressure relief device (260) comprises a plural-
ity of pressure relief valves (266a-d) each se-
lectable to relieve the fluid from the first annulus
portion (271) to the second annulus portion
(272).

The apparatus of claim 1 wherein the hydraulic jar
(200) further comprises a plurality of plugs (265a-d)
each movable to selectively prevent communication
between the fluid and a corresponding one of the
plurality of pressure relief valves (266a-d).

The apparatus of claim 1 wherein each of the plurality
of pressure relief valves (266a-d) has a substantially
different set pressure relative to each of the other
pressure relief valves (266a-d).

The apparatus of claim 1 wherein the axially relative
movement of the housing (250) and the shaft (220)
is movable between: a first position in which the pis-
ton (240) fluidly seals against the shoulder (230);
and a second position in which the piston (240) is
longitudinally offset from the shoulder, thus permit-
ting the fluid to flow from the first annulus portion
(271) to the second annulus portion (272) via a third
annulus portion (273) between the shoulder (230)
and the shaft (220) wherein, when the housing (250)
and the shaft (220)are in the first position, the piston
(240) prevents fluid flow through the third annulus
portion (273); and wherein when the pressure in the
first annulus portion (271) exceeds the set pressure
of the pressure relief device (260), the fluid is com-
municated from the first annulus portion (271) to the
second annulus portion (272) via the pressure relief
device (260).

The apparatus of claim 1 wherein the plurality of
pressure relief valves (266a-d) are fluidly coupled in
parallel between the first and second annulus por-
tions (271, 272).

The apparatus of claim 1 wherein the plurality of
pressure relief valves (266a-d) comprises: a first
pressure relief valve (266a) having a first set pres-
sure of about 500 pounds per square inch (psi); a
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second pressure relief valve (266b) having a second
set pressure of about 1000 psi; and a third pressure
relief valve (266¢) having a third set pressure of
about 2000 psi.

The apparatus of claim 1 further comprising abiasing
member (248) positioned in the first annulus portion
(271) operable to urge the housing (250) and the
shaft (220) towards the first position.

A method, comprising:

conveying a tool string (110) within a wellbore
(120) in adownhole direction, wherein a hydrau-
lic jar (200) coupled between uphole and down-
hole portions (140, 150) of the tool string (110)
comprises a housing (250) comprising a shoul-
der (230) protruding radially inward from an in-
ternal surface of the housing; a shaft (220) dis-
posed within the housing (250), wherein the
housing (250) and the shaft (220) move axially
relative to each other, and wherein the shoulder
(230) axially interposes first and second portions
(271, 272) of an annulus (270) formed between
the shaft (220) and the housing (250); a piston
(240) fixedly positioned about the shaft and flu-
idly sealed against the shoulder; and a pressure
relief device (260) controlling fluid flow from the
firstannulus portion (271) to the second annulus
portion (272) based on a pressure of the fluid in
the first annulus portion (271) relative to a set
pressure of the pressure relief device (260),
wherein the pressure relief device (260) com-
prises a plurality of individually activated pres-
sure relief valves (266a-d);

operating the hydraulic jar (200) to impart an im-
pact to the downhole portion (150) of the tool
string (110); and

adjusting a set pressure of the pressure relief
device (260) by activating at least one of the
plurality of individually activated pressure relief
valves (266a-d) prior to conveying the tool string
(110) within the wellbore and operating the hy-
draulicjar (200) to impart the impact to the down-
hole portion (150) of the tool string (110).

The method of claim 8 wherein the pressure relief
device (260) further comprises a plurality of plugs
(265a-d) each operable with a corresponding one of
the plurality of relief valves (266a-d), and wherein
activating at least one of the plurality of pressure
relief valves (266a-d) comprises moving a corre-
sponding one of the plurality of plugs (265a-d) to
permit fluid communication between the first and
second annulus portions (271, 272) via the at least
one activated pressure relief valve (266a-d).

10. The method of claim 8 wherein the hydraulic jar (200)
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further comprises a flow control valve (370), and
wherein operating the hydraulic jar (200) comprises
remotely operating the flow control valve (370) to
permit fluid communication through the pressure re-
lief device (260) after a predetermined tension is ap-
plied to the hydraulic jar (200).

The method of claim 10 wherein remotely operating
the flow control valve (370) comprises remotely op-
erating the flow control valve (370) with a solenoid
(372) to permit fluid communication through the pres-
surereliefdevice (260) after a predetermined tension
is applied to the hydraulic jar (200).

The apparatus of claim 1 wherein each of the pres-
sure relief valves (266a-d) is disposed within a cavity
(363a-d) extending from an exterior surface of the
housing (250).

The apparatus of claim 2 wherein each of the plugs
(265a-d) is disposed within a cavity (363a-d) extend-
ing from an exterior surface of the housing (250).

The method of claim 8 wherein each of the pressure
relief valves (266a-d) is disposed within a cavity
(363a-d) extending from an exterior surface of the
housing (250).

The method of claim 9 wherein each of the plugs
(265a-d) is disposed within a cavity (363a-d) extend-
ing from an exterior surface of the housing (250).

Patentanspriiche

1.

Vorrichtung, umfassend eine hydraulische Schlag-
schere (200) zum Koppeln zwischen gegeniiberlie-
genden ersten und zweiten Abschnitten (140, 150)
eines Untertagewerkzeugstrangs (110), wobei die
hydraulische Schlagschere (200) Folgendes um-
fasst:

ein Gehause (250), das eine Schulter (230) um-
fasst, die von einer Innenflache des Gehauses
radial nach innen vorsteht;

eine Welle (220), die innerhalb des Gehauses
angeordnet ist, wobei sich das Gehéause (250)
und die Welle (220) relativ zueinander axial be-
wegen, und wobei die Schulter (230) einen ers-
ten und zweiten Abschnitt (271, 272) eines
Rings (270), der zwischen der Welle (220) und
dem Gehause (250) gebildet ist, axial einfligt;
einen Kolben (240), der fest mit der Welle (220)
gekoppelt undfluidisch gegen die Schulter (230)
abgedichtet ist; dadurch gekennzeichnet,
dass die hydraulische Schlagschere (200) fer-
ner eine Druckentlastungsvorrichtung (260) um-
fasst, die Fluidfluss von dem ersten Ringab-
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schnitt (271) zu dem zweiten Ringabschnitt
(272) basierend auf einem Druck des Fluids in
dem ersten Ringabschnitt (271) relativ zu einem
Solldruck der Druckentlastungsvorrichtung
(260) steuert, wobei die Druckentlastungsvor-
richtung (260) eine Vielzahl von Druckentlas-
tungsventilen (266a-d) umfasst, die jeweils aus-
wahlbar sind, um das Fluid von dem ersten Rin-
gabschnitt (271) zu dem zweiten Ringabschnitt
(272) zu entlasten.

Vorrichtung nach Anspruch 1, wobei die hydrauli-
sche Schlagschere (200) ferner eine Vielzahl von
Stopfen (265a-d) umfasst, die jeweils bewegbar
sind, um Kommunikation zwischen dem Fluid und
einem entsprechenden aus der Vielzahl von Druck-
entlastungsventilen (266a-d) selektiv zu verhindern.

Vorrichtung nach Anspruch 1, wobei jedes aus der
Vielzahl von Druckentlastungsventilen (266a-d) ei-
nen im Wesentlichen anderen Solldruck relativ zu
jedem der anderen Druckentlastungsventile (266a-
d) aufweist.

Vorrichtung nach Anspruch 1, wobei die axial relative
Bewegung des Gehauses (250) und der Welle (220)
zwischen Folgendem bewegbar ist: einer ersten Po-
sition, in der der Kolben (240) fluidisch gegen die
Schulter (230) abdichtet; und einer zweiten Position,
in der der Kolben (240) langs von der Schulter ver-
setzt ist, wodurch ermdglicht wird, dass das Fluid
von dem ersten Ringabschnitt (271) Gber einen drit-
ten Ringabschnitt (273) zwischen der Schulter (230)
und der Welle (220) zu dem zweiten Ringabschnitt
(272) fliel3t, wobei, wenn sich das Gehause (250)
und die Welle (220) in der ersten Position befinden,
der Kolben (240) Fluidfluss durch den dritten Rin-
gabschnitt (273) verhindert; und wobei, wenn der
Druck in dem ersten Ringabschnitt (271) den Soll-
druck der Druckentlastungsvorrichtung (260) Uber-
steigt, das Fluid von dem ersten Ringabschnitt (271)
Uber die Druckentlastungsvorrichtung (260) zu dem
zweiten Ringabschnitt (272) kommuniziert wird.

Vorrichtung nach Anspruch 1, wobei die Vielzahl von
Druckentlastungsventilen (266a-d) parallel zwi-
schen dem ersten und zweiten Ringabschnitt (271,
272) fluidisch gekoppelt ist.

Vorrichtung nach Anspruch 1, wobei die Vielzahl von
Druckentlastungsventilen (266a-d) Folgendes um-
fasst: ein erstes Druckentlastungsventil (266a), das
einen ersten Solldruck von etwa 500 Pfund pro Qua-
dratzoll (psi) aufweist; ein zweites Druckentlastungs-
ventil (266b), das einen zweiten Solldruck von etwa
1000 psi aufweist; und ein drittes Druckentlastungs-
ventil (266c¢), das einen dritten Solldruck von etwa
2000 psi aufweist.



27

Vorrichtung nach Anspruch 1, ferner umfassend ein
Vorspannelement (248), das in dem ersten Ringab-
schnitt (271) positioniert und bedienbar ist, um das
Gehause (250) und die Welle (220) in Richtung der
ersten Position zu dréngen.

Verfahren, umfassend:

Fordern eines Werkzeugstrangs (110) inner-
halb eines Bohrlochs (120) in einer Untertage-
richtung, wobei eine hydraulische Schlagschere
(200), die zwischen einem Ubertage- und Un-
tertageabschnitt (140, 150) des Werk-
zeugstrangs (110) gekoppelt ist, ein Gehause
(250), das eine Schulter (230) umfasst, die von
einer Innenflache des Gehauses radial nach in-
nen vorsteht; eine Welle (220), die innerhalb des
Gehauses (250) angeordnet ist, wobei sich das
Gehause (250) und die Welle (220) relativ zu-
einander axial bewegen, und wobei die Schulter
(230) einen ersten und zweiten Abschnitt (271,
272) eines Rings (270), der zwischen der Welle
(220) und dem Gehause (250) gebildet ist, axial
einfligt; einen Kolben (240), der fest um die Wel-
le positioniert und fluidisch gegen die Schulter
abgedichtet ist; und eine Druckentlastungsvor-
richtung (260) umfasst, die Fluidfluss von dem
ersten Ringabschnitt (271) zu dem zweiten Rin-
gabschnitt (272) basierend auf einem Druck des
Fluids in dem ersten Ringabschnitt (271) relativ
zu einem Solldruck der Druckentlastungsvor-
richtung (260) steuert, wobei die Druckentlas-
tungsvorrichtung (260) eine Vielzahl von einzeln
aktivierten Druckentlastungsventilen (266a-d)
umfasst;

Betatigen der hydraulischen Schlagschere
(200), um dem Untertageabschnitt (150) des
Werkzeugstrangs (110) einen Impuls zu verlei-
hen; und

Einstellen eines Solldrucks der Druckentlas-
tungsvorrichtung (260) durch Aktivieren von zu-
mindest einem aus der Vielzahl von einzeln ak-
tivierten Druckentlastungsventilen (266a-d) vor
dem Férdern des Werkzeugstrangs (110) inner-
halb des Bohrlochs und dem Betétigen der hy-
draulischen Schlagschere (200), um dem Un-
tertageabschnitt (150) des Werkzeugstrangs
(110) den Impuls zu verleihen.

Verfahren nach Anspruch 8, wobei die Druckentlas-
tungsvorrichtung (260) ferner eine Vielzahl von
Stopfen (265a-d) umfasst, die jeweils mit einem ent-
sprechenden aus der Vielzahl von Entlastungsven-
tilen (266a-d) betatigbar sind, und wobei das Akti-
vieren von zumindest einem aus der Vielzahl von
Druckentlastungsventilen (266a-d) das Bewegen ei-
nes entsprechenden aus der Vielzahl von Stopfen
(265a-d) umfasst, um Fluidkommunikation zwischen
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dem ersten und zweiten Ringabschnitt (271, 272)
Uber das zumindest eine aktivierte Druckentlas-
tungsventil (266a-d) zu ermdglichen.

Verfahren nach Anspruch 8, wobei die hydraulische
Schlagschere (200) ferner ein Flusssteuerventil
(370) umfasst und wobei das Betatigen der hydrau-
lischen Schlagschere (200) das Fernbetatigen des
Flusssteuerventils (370) umfasst, um Fluidkommu-
nikation durch die Druckentlastungsvorrichtung
(260) zu ermoglichen, nachdem eine vorbestimmte
Spannung an die hydraulische Schlagschere (200)
angelegt wird.

Verfahren nach Anspruch 10, wobei das Fernbeta-
tigen des Flusssteuerventils (370) das Fernbetati-
gendes Flusssteuerventils (370) mit einem Solenoid
(372) umfasst, um Fluidkommunikation durch die
Druckentlastungsvorrichtung (260) zu ermdglichen,
nachdem eine vorbestimmte Spannung an die hy-
draulische Schlagschere (200) angelegt wird.

Vorrichtung nach Anspruch 1, wobei jedes der Dru-
ckentlastungsventile (266a-d) innerhalb eines Hohl-
raums (363a-d) angeordnet ist, der sich von einer
AuBenflache des Gehauses (250) erstreckt.

Vorrichtung nach Anspruch 2, wobei jeder der Stop-
fen (265a-d) innerhalb eines Hohlraums (363a-d)
angeordnet ist, der sich von einer AuRRenflache des
Gehauses (250) erstreckt.

Verfahren nach Anspruch 8, wobei jedes der Druck-
entlastungsventile (266a-d) innerhalb eines Hohl-
raums (363a-d) angeordnet ist, der sich von einer
AuBenflache des Gehauses (250) erstreckt.

Verfahren nach Anspruch 9, wobei jeder der Stopfen
(265a-d) innerhalb eines Hohlraums (363a-d) ange-
ordnet ist, der sich von einer AuRenflache des Ge-
hauses (250) erstreckt.

Revendications

Appareil comprenant une coulisse hydraulique (200)
pour le couplage entre des premiére et deuxieme
parties opposées (140, 150) d’'un chapelet d’outils
de fond de trou (110), la coulisse hydraulique (200)
comprenant :

un boitier (250) comprenant un épaulement
(230) saillant radialement vers I'intérieur depuis
une surface interne du boitier ;

un arbre (220) disposé au sein du boitier, le boi-
tier (250) et I'arbre (220) se déplagant axiale-
ment I'un par rapport a l'autre, et 'épaulement
(230) intercalant axialement des premiére et
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deuxiéme parties (271, 272) d’'un espace annu-
laire (270) formé entre I'arbre (220) et le boitier
(250) ;

un piston (240) couplé fixement a I'arbre (220)
et scellé par le fluide contre I'épaulement (230) ;
caractérisé en ce que la coulisse hydraulique
(200) comprend en outre un dispositif limiteur
de pression (260) assurant la régulation du débit
de fluide de la premiére partie annulaire (271) a
la deuxiéme partie annulaire (272) en fonction
d’une pression du fluide dans la premiére partie
annulaire (271) relativement a une pression fixe
du dispositif limiteur de pression (260), le dispo-
sitif limiteur de pression (260) comprenant une
pluralité de soupapes de slreté (266a-d), cha-
cune desquelles pouvant étre sélectionnée pour
réduire le fluide de la premiére partie annulaire
(271) a la deuxieéme partie annulaire (272).

Appareil selon larevendication 1, la coulisse hydrau-
lique (200) comprenant en outre une pluralité d’ob-
turateurs (265a-d), chacun desquels pouvant étre
déplacé pour empécher toute communication entre
le fluide et une soupape correspondante de la plu-
ralité de soupapes de slreté (266a-d).

Appareil selon la revendication 1, chacune de la plu-
ralité de soupapes de slreté (266a-d) étant réglée
sur une pression substantiellement différente de cel-
le de chacune des autres soupapes de sireté (266a-
d).

Appareil selon la revendication 1, le mouvement re-
latif, dans le sens axial, du boitier (250) et de I'arbre
(220) se déroulant entre une premiére position, dans
laquelle le piston (240) se place, en contact étanche
par le fluide, contre I'épaulement (230); et une
deuxiéme position dans laquelle le piston (240) est
décalé longitudinalement de I'’épaulement, en per-
mettant ainsi au fluide de s’écouler la premiéere partie
annulaire (271) a la deuxiéme partie annulaire (272)
en passant par une troisieme partie annulaire (273)
entre I'épaulement (230) et I'arbre (220), de sorte
que lorsque le boitier (250) et I'arbre (220) se trou-
vent dans la premiére position, le piston (240) em-
péche I'écoulement du fluide a travers la troisieme
partie annulaire (273) ; et de sorte que lorsque la
pression dans la premiére partie annulaire (271) dé-
passe la pression établie du dispositif limiteur de
pression (260), le fluide soit communiqué de la pre-
miére partie annulaire (271) a ladeuxieme partie an-
nulaire (272) a travers le dispositif limiteur de pres-
sion (260).

Appareil selon la revendication 1, la pluralité de sou-
papes de sireté (266a-d) étant couplée par le fluide,
parallélement, entre les premiére et deuxiéme par-
ties annulaires (271, 272).
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Appareil selon la revendication 1, la pluralité de sou-
papes de slreté (266a-d) comprenant : une premié-
re soupape de slreté (266a), avec une premiere
pression nominale d’environ 500 livres/pouce carré
(psi) ; une deuxieéme soupape de slreté (266b), avec
une deuxiéme pression nominale d’environ 1 000
psi ; etune troisieme soupape de sireté (266c¢), avec
une troisieme pression nominale d’environ 2 000 psi.

Appareil selon la revendication 1, comprenant en
outre un élément de sollicitation (248) positionné
dans la premiére partie annulaire (271), pouvant étre
actionné pour solliciter le boitier (250) et I'arbre (220)
vers la premiére position.

Méthode comprenant :

'acheminement d’'un chapelet d’outils (110)
dans un puits de forage (120) dans la direction
du fond de trou, une coulisse hydraulique (200),
couplée entre des parties de gueule de trou et
de fond de trou (140, 150) du chapelet d’outils
(110), comprenant un boitier (250) comprenant
un épaulement (230) saillant radialement vers
I'intérieur depuis une surface interne du boitier ;
un arbre (220) disposé au sein du boitier (250),
le boitier (250) et I'arbre (220) se déplagant axia-
lement 'un par rapport a 'autre, et 'épaulement
(230) intercalant axialement des premiére et
deuxiéme parties (271, 272) d’'un espace annu-
laire (270) formé entre I'arbre (220) et le boitier
(250) ; un piston (240) positionné fixement
autour de l'arbre et scellé par le fluide contre
I'épaulement ; et un dispositif limiteur de pres-
sion (260) assurant la régulation du débit de flui-
de de la premiéere partie annulaire (271) a la
deuxieme partie annulaire (272) en fonction
d’une pression du fluide dans la premiére partie
annulaire (271) relativement a une pression fixe
du dispositif limiteur de pression (260), le dispo-
sitif limiteur de pression (260) comprenant une
pluralité de soupapes de slreté (266a-d) acti-
vées individuellement ;

I'actionnement de la coulisse hydraulique (200)
pour communiquer un impact a la partie de fond
de trou (150) du chapelet d’outils (110) ; et
I'ajustage d’une pression nominale du dispositif
limiteur de pression (260) par l'activation d’au
moins une de la pluralité de soupapes de slreté
(266a-d) activées individuellement préalable-
ment a I'acheminement du chapelet d’outils
(110) dans le puits de forage, et I'actionnement
de la coulisse hydraulique (200) pour commu-
niquer unimpact a la partie de fond de trou (150)
du chapelet d’outils (110).

9. Méthode selon la revendication 8, le dispositif limi-

teur de pression (260) comprenant en outre une plu-



10.

1.

12.

13.

14.

15.

31 EP 3 204 594 B1

ralité d’obturateurs (265a-d), chacun desquels pou-
vant étre actionné avec une soupape correspondan-
te de la pluralité de soupapes de slreté (266a-d), et
I'activation d’au moins une soupape correspondante
de la pluralité de soupapes de sareté (266a-d) com-
prenant le déplacement d’'un obturateur correspon-
dant de la pluralité d’obturateurs (265a-d), afin de
permettre une communication fluidique entre les
premiere et deuxiéeme parties annulaires (271, 272)
par le biais de I'au moins une soupape de slreté
(266a-d) activee.

Méthode selon la revendication 8, la coulisse hy-
draulique (200) comprenant en outre un régulateur
de débit (370), et 'actionnement de la coulisse hy-
draulique (200) comprenant I'actionnement a distan-
ce du régulateur de débit (370) pour permettre une
communication fluidique a travers le dispositif limi-
teur de pression (260) suivant I'application d’'une ten-
sion prédéterminée sur la coulisse hydraulique
(200).

Méthode selon la revendication 10, I'actionnement
a distance du régulateur de débit (370) comprenant
l'actionnement a distance du régulateur de débit
(370) a l'aide d’un solénoide (372) pour permettre
une communication fluidique a travers le dispositif
limiteur de pression (260) suivant I'application d’'une
tension prédéterminée sur la coulisse hydraulique
(200).

Appareil selon la revendication 1, chacune des sou-
papes de sireté (266a-d) étant disposée dans une
cavité (363a-d) s’étendant d’'une surface extérieure
du boitier (250).

Appareil selon la revendication 2, chacun des d’ob-
turateurs (265a-d) étant disposé dans une cavité
(363a-d) s’étendant d’une surface extérieure du boi-
tier (250).

Méthode selon la revendication 8, chacune des sou-
papes de sireté (266a-d) étant disposée dans une
cavité (363a-d) s’étendant d’'une surface extérieure
du boitier (250).

Méthode selon la revendication 9, chacun des d’ob-
turateurs (265a-d) étant disposé dans une cavité
(363a-d) s’étendant d’une surface extérieure du boi-
tier (250).
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