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Well Treatment Device, Method, and System

Background
[0001] The invention relates to tools and methods of treatment of well-bores that are used,

5  for example, in the exploration and production of o1l and gas.

[0002] In many of the well-bores (as illustrated, for example, in U.S. Patent No.
6,474,419,) so-called “packers™ are run in on a work string (for example, coiled tubing), to
allow for treatment of the well-bore by perforation of casing and/or fracturing operations.

10  The packers become stuck in the well-bore, however, resulting in lost tools and, sometimes,

loss of the entire well.

(0003] There i1s a need, therefore, for improved well treatment devices, systems, and

methods.
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Summary of the Invention
[0004] It is an object of at least some examples of the present invention to provide for well-

treatment devices, systems, and methods, that reduce the chance of having a tool stuck in a

well and/or for more efficient well-treatment procedures.

[0005] In at least one example of the invention, a method is provided for treatment of at -
least one region' in a well, the method comprising:
positioning, in a well-bore, a first packer above the region of the well-bore, -
fixing, below the region, an expansion paéker,
treating the region, .
moving the expansion packer longitudinally in the well, and

moving the first packer after the moving of the expansion packer.

[0006] In at least one, more specific example, the moving of the expansion packer
comprises longitudinally moving a mandrel with i‘e'spect to the first packer. In a more
specific example, the moving of the expansion packer comprises movement of a packer
mandrel and a first packer mandrel wherein the first packer mandrel slides within a. first
packer sleéve. In an even inore specific example, the first packer 'coinpri'ses a cup packer; in
at least some alternative examples, the first packer comprises an expansion packer (for

example, a compressible expansion packer).

[0007] In still a more specific example, a further step is provided of opening a valve,
thereby communicating the region with the portion of the well-bore below the expansion |
packer, wherein the opening is caused by movement of the packer mandrel. In at least one

such example, the opening a valve occurs below the expansion packer.

[0008] In a further example, the step of moving the first packer comprises, first, lowering
the first packer below the treated region, and the step of moving the first packer then

comprises raising the first packer after the step of lowering the first packer.

[0009] According to still another example. of the invention, a system is provided for
treatment of the region in a well, the system comprising: a first packer, a first packer mandrel
disposed radially inward of the first packer, an expansion packer, an expansion packer

mandrel disposed radially inward of the expansion packer, means for treating the region,
| B
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wherein the means for treating the region is disposed between the first packer and the
expansion packer, means for moving the expansion packer, and means for moving the first

packer after the moving of the expansion packer.

[0010] In at : least one such system, the means for moving of the expansion packer
comprises means for longitudinally moving a mandrel With respect to the first packer. In a
further system, the means for moving of the expansion packer comprises a packer mandrel .
having a substantially rigid connection (either direct or indirect) a first packer mandrel,
wherein the first packer mandrel slides within the first packer sleeve. In at least one further
example, a means is provided for equalizing pressure above and below the expansion packer
before the moving of the first packer. In some such examples, the means for equalizing
comprises a valve operated by movement of the packer mandrel and communicating the |
region with a lz;ortion of the well-bore below the expansion packer. At least one acceptable

valve comprises an opening below the expansion packer.

[0011] In still a further example, the means for treating the region comprises a substantially

cylindrical member having slots disposed therein.

[0012] In yet other examples, means for moving the expansion packer comprises a shoulder
on the mandrel engaging a guide, and the means for moving the first packer after the moving
of the expansioh packer comprises: '

a first packer sleeve slideably mounted on the first packer mandrel,

a shoulder on the mandrel, and | .

a shoulder on the first packer sleeve disposed to stop longitudinal movement of the
shoulder on the mandrel.
[0013] According to another example of the invention, a packer system is provided
comprising: :

a mandrel, | ._

a sleei?e disposed around the mandrel in a longitudinally sliding relation, and

a packer element fixed to the sleeve.

10014] In at least one such example, a shoulder resides on the sleeve abutting a shoulder on

the packer element; a thimble engages the packer element at a first thimble surface; and a



CA 02623100 2008-03-18
WO 2007/035745 PCT/US2006/036503

retainer ring is threaded on the sleeve. The retaining ring engages the thimble on a second
thimble surface. In still another example, a first wiper ring is attached to a first end of the
sleeve, and a second wiper ring is attached to the retainer ring. In at least some such

examples, a seal is disposed between the sleeve end of the housing,

[0015] In some further examples, the sleeve comprises a packer element carrier section
having an outer threaded diameter and a stroke housing, the stroke housing having an inner
threaded diameter engaging the outer threaded diameter of the packer element carrier. In
even further examples, a wiper is connected to an interior diameter of the _stroke housing; a
seal is disposed between the stroke housing and the mandrel; and a seal is disposed between
the stroke housing and the packer element carrier section. In at least some such examples, the
packer element carrier section comprises a shoulder; the packer element 1s disposed betWeen
the shoulder and a retainer; and the retainer is threaded to the packer element carrier. .In at
least one example, a debris barrier is disposed in an interior surface of the retainer. In some
exaniples, the packier' element comprises a cup packer element. In further examples, the

packer element comprises an expansion packer (e.g. compressible) element.

[0016] According to still a further example of the invention, a method is provided fof
ireating a well, the method compriSing: |
positioning a compressible expansi.on.packer in the well-bore, the expansion packer
being rigidly-connected to an expansion packer mandrel connect to a work
string,
setting the expansion packer in the well-bore with a longitudinal motion of the work ‘
string,
- treating the Well, .
opening a valve below the expansion packer with a ' further longitudinal motion of the
‘work string, and

raising the packer.

[0017] At least one such method further compriées positioning a packer in the well-bore
above the expansion packer, rigidly connected to a cup packer sleeve. The cup packer sleeve
s slideably connected to a cup packer mandrel, and the cup packer mandrel is connected to

the work string and to the packer mandrel (at least indirectly). |

4
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[0018] In at least a further'example of the mvention, a system is provided for treating a
well-bore on a work string, the system comprising: ' ' ' :
| an expansion packer mandrel for substantially rigid-connection to the work
string, .
means for setting a compressible 'expansion packer in a ‘well-bore with a
longitudinal motion of the work string,
means for treéting the well,
means, below the expansion packer, for equalizing a pressure differential
across the expansion packer, and

‘means for raising the expansion packer.

[0019] In at least one such example, the means for setting the compressible expansion
packer comprises at least one J-slot on the expansion packer mandrel interacting with at least

one J-pin on a slip ring disposed about the expansion packer mandrel.

[0020] In at least a further example, the means for treating the well comprises a

substantially cylindrical member having slots therein.
[0021] In still another non-limiting example, the means for equalizing comprises a valve.

[0022] In yet a further éxample, the means for raising the expansion packer comprises a
stop surface (e.g., a shoulder) on the mandrel and a stop surface on the expansion packer,
wherein the stop surfaces interact to cause the expansion packer to be raised duﬁng vertical

motion of the expansion packer mandrel.

[0023] In still another example of the invention, a method is provided for treating multiple
zones in a cased well-bore, the method comprising:
- fixing an expansion packer of a work string below a first zone,
perforating the cased well-bore above the expansion packer,
applying between the work string and the cased well-bore a stimulation ﬂu1d
through the perforated well-bore,
equalizing the pressure above and below the expansion packer,

fixing the expansion packer at a second zone, the second Zone bemg over the ‘

first zone,
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perforatrng the cased well-bore above the expansion packer,

""" applymg, between the Work string and the cased well-bore a stlmulatron ﬂuld |
through the perforated well-bore, "

equalizing the pressure above and below the expansion packer, and

raising the expansion packer.

[0024] In at least one such method the equalizing comprises opening a valve below the
expansion packer. In a further example, the opening comprises moving a valve port
connected to an expansion packer mandrel from contact with a valve seat connected to a drag '

sleeve.

[0025]  Still a further example of the invention provides a system for treating multiple zones
in a cased well-bore, the system comprising: :

means for perforating the cased well-bore above the expansion packer,

means for applying, between the work string"and the cased well-bore, a stiniulation
flmid (e.g. fracturing fluid, foam, etc.) through the perforated well-bore,

means for equalizing the pressure above :and below the expansion packer, and

means for raising the expansion packer.

[0026] In at least one such system, the means for equalizing comprises a valve below the
expansion packer. In a further system, the means for equalizing also comprises a valve port
connected (directly or indirectly) to an expansion packer mandrel, the valve port
reciprocating from contact with a valve seat connected to a drag sleeve. In still another
example, the means for perforating the cased well comprises a jetting tool; while, in yet
another example, the means for applying comprises a surface pump connected between the
well casing and the work string, and the means for raising the expansion packer comprises a

connection between an expansion packer guide and an expansion packer mandrel.

[0027] An even further example of the invention provides an expansion packer device
comprising: . .

a mandrel having a sub stantially cylindrical bore therethrough,

a compressible packer element disposed about the mandrel,

a set of casing-engaging elements disposed about the mandrel,

a set of drag elements disposed about the mandrel,
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a set of slots 1n an outer surface of the mandrel,
a set of let-engaging elements engagihg the set of slots and disposed about the
mandrel, the slot-engaging elements bemg longitudinally and radlally
moveable about the mandrel, | _
a valve port located outSIde the cyhndrlcal bore and below the set of slots, and

a valve seat located outside the valve port.

[0028] In at least one such expansion packer, the valve port is located below the mandrel.
In a further example of the invention, a drag sleeve is prov1ded in a long1tud1na11y—-shdeable
relation to the mandrel, and the drag sleeve comprises the' valve seat. In yet a further
example, the drag sleeve further comprises openings above the valve seat. In still another
example, the valve seat is longitudinally adjustable with respect to the valve port. In an even
further example, the valve port is located below the mandrel aﬁd is positioned between

elastomer, grooved seals that have, for example, a concave surface.

10029] In at least one example the drag sleeve also comprises: a slide member in
longltudlnally-shdeable engagement with the mandrel and a seat housmg, longitudinally and
adjustably attached to the slide member. In at least one such example, the seat housing is
threaded to the slide member. In a further such example, rotation of the seat housing on
threads connecting the seat housing to the slide member adjusts a longitudinal distance the

valve ports travel to engage the valve seat.

10030] Still another example of the invention provides a well fracturing tool comprising:
- a cylinder having longitudinal slots therein,
threads located at a packer-engaging end of the cylinder,
wherein a portion of the slots located closest to the packer-engaging end is

- between about 10” and about 14” from the packer-engaging end.

[0031] In at least one such tool, the portion of the slots located closest to the packer-
engaging end is about 13” from the packer-engaging end.

10032] The above list of examples is not given by way of limitation. Other examples and
substitutes for the listed components of the examples will occur to those of skill in the art.

Further, as used throughout this document the description of relative positions between parts
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that relate to vertical position are also intended to apply to non-vertical well bores. For
example, in a well-bore having a slanted component, or even a horizontal component, a port
is “above” or “ovéi"’ anofher pQrt if it 1s cioser (alOng the well-bore) 'to the surface than the
other port. Thus, a cup packer that is in a horizorital well-bore is “abbve’.’ an expansion
packer in the same well-bore if, when the cup packer is removed from i:he well-bore, 1t

precedes the expansion packer.
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Detailed Description of the Drawings

[0033] Figure 1 is a side view of an..examplé embodimeht of the invérition.
[0034] ' Figure 1A is a side view of an enlargement of a.poftion of the example of Figure 1.

[0035] Figure 2 is a side view of a set of enlargements of a portion of the example of

Figures 1 and 1A.

[0036] Figure 3 is a sectional view of a portion of an example of the invention.

[0037] Figures 3A — 3D are sectional views of a portion of an example of the invention.
[0038] Figure 4 is a sectional view of a portion of an example of the invention.

[0039] - Fi gufes 4A — 4B are sectional views of a portion of an example of the invénﬁon.

[0040] Figure 4C is a flattened view of a portion of a surface of a cylindrical member

example of the invention.
[0041] Figures 4D — 4K are sectional views of a portion of an example of the invention.

10042] Figures 5A — 5D are sectional views of an example of the invention in a “run-in”

state.

[0043] Figures 6A — 6D are sectional views of an example of the invention 1n a “treat”

state.

[0044] Figures 7A — 7D are sectional views of an example of the invention in a “pressure

relief” state.

[0045] Figures 8A — 8B are side views of an example of the invention treating multiple

strata.
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[0046] Figures 9 — 10 are side views of an example method of use according to an example

of the invention.

[0047] Figures 11A —11C are sectional views of an example of the invention.

10-’.
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Detailed Description of Example Embodiments

[0048] Referring now to Figure 1, a well-site, generally designated by the numeral 1, is
seen. In the figure, a well-head 5 fhat is attac;hed" to thé ground 3 has blow-out preventers 7
attached to the well head 5. A luqbricator 9 1s seen connected under injector 11 that injects
coiled tubing 12, through Jubricator 9,'.b10w-out preventer 7, well-head 5 , and into the well-
bore. In many situations, the well-bore 1s cased with casing 15. Seen in the well-bore at an
oil and/or gas, strata 13 is an example of the present invention straddling the oil and/or gas

strata 13.

[0049] In Figure 1A, an enlargement of the example from Figure 1 is _seen 1n which a cup
packer 308 is connected through centralizer section 503, spacer joint 510, ported section 511,
expansion packer section 404, and well-bore engagement section 701. Figure 2 and Figures

2A-2F show enlargements of each of the sections discussed above.

[0050] Refefring now to Figure 3, a crossi"-'seotion of an example cup-packer assembly is
seen comprising a top connector section 301 that 1s connected by threads to mandrel 303. A
sockét set screw: 304 prevents connector 301 and mandrel 303 from unscrewing. An O-ring
seal 302 (for example, an SAE size 68-227, NBR9O Shore A, 225 PSI tensile, 175%
elongation, increases the pressure that can be handled by the assembly, al_lbwing a relatively
low pressure thread 317 for the connector.) In at least one example, thread 317 comprises
#2.500-8 STUD ACME 2G, major diameter 2.500/2.494, :pitch diameter 2.450/2.430, minor
diameter 2.405/2.385, .blunt start thread. As used in this example, many of the dimensions
(and even other threads) have been found useful in the design of a 5%” casing tool. Similar
dimensions, threaded connections, etc., are used in the examples seen. in the figures, .which
will not be described in detail, that also allow for lower pressure treads with secondary seals
to be used. Other dimensions and pressure sealing arrangements will be used in other size

tools (for example, 4%” and 7” tools) and other pressure considerations that will occur to

those of skill in the art.

[0051] Further, connections other than threads, and/or other materials, will be used by those
of skill in the art without departing from the invention. In at least one example of the parts
seen in the figures, the following rules of thumb are observed (dimensions in inches): (1)
machined surfaces .X - XX 250 RMS, .XXX 125 RMS, (2) inside radii .030-.060; (3) corner

breaks .015 x 45°; (4) concentricity between 2 machined surfaces within .015 T.LR.; (5)
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normality, squareness, parallelism of machined surfaces .005 per inch to a max of .030 for a
single surface; (6) all thread entry & exit angles to be 25° — 45° off of thread axis. A thread
surface ﬁnish of 125 is 'accéptable. Materials useful in many examples of the ihvention
incl.ude:.4140-4145 steel, 110,000 MY, 30-36¢ HRc. Other rules of thumb that will be

useful in other embodiments will occur to others of skill in the art, again without departing |

from the invention.

[0052] In the example shown, cup retainer 306 holds thimble 307 against cup element 308,
which 1s, itself, held against a shoulder 314a of cup carrier sleeve 309. Cup retainer 306 is
threaded to cup carrier sleeve 309, causing cup element 308 to be slideably mounted along
and around mandrel 303. Being slideable around mandrel 303 allows cup element 308 to

spin, allowing it to clear debris more easily than if it were no table to move in that dimension.

[0053] Cup carrier sleeve 309 is connected, in the illustrated example, by threads and an O-
ring seal 313 to stroke ‘hbusing 310. A piston-T-seal (for example, a Parker 4115-B001-
TP031) prevents tlow of fluid and pressure from entering between stroke housing 310 and
mandrel 303. By using a low-pressure thread (such as an “SB” thread), a wide torque range
s enabled,ﬁ which allows “make up” of the work String with smaller toois. A wiper ring (for
example, Parker SHU-2500) is used at the end of stroke hoilsing 310. Similarly, wiper ring

305 also operates as a debris-barrier.

[0054]  In operation, which is described more below, cup element 308 slides on cup holder
309 about mandrel 303. ‘Shoulder 314a of cup carrier sleeve 309 and shoulder 314b 'o‘f
mandrel 303 define the travel distance that the —mandrel 303 and cup carrier sleeve 309 are
able to slide, longitudinally, with respect to each other. Since connector 301 is ﬁxed
longitudinally tcj mandrel 303, if the coiled tubing (which is attached to connector 301) is
pulled from above, mandrel 303 will move upward and slide within cup sleeve carrier 309;
therefore, éup element 308 does not have to move in order to move mandrel 303. Therefore,
tools (such as expansion-packers) that are below cup element 308 can be manipulated

longitudinally without the need to move a cup packer fixed above them.

[0055]  In at least one example, an expansion packer that is longitudinally operable with J-
slots 1s used, and the travel distance is sufficient to allow a stroke that is larger than the length

of the J-slots. It has been found that it is especially useful to allow some distance greater than
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the J-slots because when an expans1on packer is being p081t10ned and set, drag elements on
the packer (e.g., spnngs pads, etc.) will slip. For a 5 %2” tool, for example, about 10” has
been found to be sufficient for the travel d1stance between shoulders 314a and 314b to allow

fora6”] -slot travel.

[0056] Referring now to Figure 4, an example expansion packer assembly is seen. In the
illustrated example, expansion packer mandrel 402 is connected by threads backed by a set
screw 417 to an upper element 401 (for example, a slotted “sub” used for applying fracturing
fluid in some examples) Therefore, when the work string is lifted from above expansmn
packer mandrel 402 is lifted. Expans1on packer mandrel 402 includes a shoulder 430 against
which setting cone 405 abuts. Expansion packer element 404 is slid up against setting cone
405, and guide ring 403 1s slid up against expansion packer element 404. The attachment of
upper element 401 against guide 403 holds guide 403 against a shoulder 432 in mandrel 402;
and, therefore, when setting cone 405 is pushed toward guide 403, longitudinally, element
404 is compressed and expands radially outward from mandrel 402, due to the rigid
connection of guide 403 backed by upper element 401. Likewise, when mandrel 402 1s lifted
from above, shoulder 432 causes guide 403 to move 1ong1tud1nally away from setting cone

405 allowmg decompression and elongat1on of packer element 404.

[0057] In operation, when a cup packer 1s set (as seen 1n Figure l) above an oil and/or gas
containing strata 13, and an expansion packer is set below an oil and/or gas containing strata
13, well treatment (for example, perforation and/or fracturing operations) occur. After

treatment, it is desirable to move the expansion packer and/or the cup packer. However, .
many times, .there is a pressure differential across the expansion packer. To relieve that

pressure differential, at least one valve port 421 is provided outside of the mandrel 402.

[0058] In the illustrated example, port 421 operates with a valve-seat surface 425 (which
has a diameter less than the diameter of surface 423 above openings 421°). Openings 421°
are located in equalizing sleeve 416. Ports 421 are provided, in the illustrated example, by
threading equalizing housing 600 onto mandrel 402; a set screw is again used to prevent the
elements from becoming detached. Referring now to Figure 4D, ports 421 are sealed against
surface 425 in equalizing sleeve 416 (Figure 4E) by seals 602a — 602d (for example, nitrile
elastomer between about 70 to 90 shore hardness; in higher temperature viton elastomer).

Other elastomers will occur to those of skill in the art. In some examples, the seal material
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consists essentially of NBR 80 shore A, 2000 PSI Tensile, 300% Elongation. Further, a
concave is seen in seals "602a-602d Such a concave allows a reduction of force needed to put
the seal into the seal bore. The dimensions of the seals 602a-602d in some examples are
substantially the same as if two o-rings were located in housing 600; for example, the
concave in seals 602a—-§02d 1S about the same size as the gap that would be formed by two o-

rings positioned side-by-side.

[0059] | Figure 4K shows an example of seals 60éa-602d. For an equalizing housing 600
having a diameter between about 2.640 inches to about 2.645 inches (which is particularly
useful in a 4 %" fool), with a groove width of between about .145” and about .155’;, and seals
602a—602d have a protrusion distance 645 of about .020 inches from housing 600, while the
radius of curvature of concave surface 643 is_' about .06 inches. In at least one 5 Vz” tool
example, groaves 603a-603d are betweén about .145 inches and about .155 inches, and the

radius of curvature of groove surface 643 is about .06 inches.

[0060] It will be noted that there 1s no requirement for a “longitudinal opening” of the type
described in U.S. Patent No. 6,474, 419 nor 1s there a need for a valve extendlng up into the
packer mandrel A significant advantage of the example valve ports being, outside the
mandrel (and, in at least some cases, below the mandrel) is that a larger flow path is available
than with valves located within the mandrel. This allows the tool to be run in the well-bore

faster and causes the tool to have less problems with debris.

[0061] Referring agaih to Figures 4 and 4F (takenthroughline “A” of Fi‘gure 4G), 4G, 4H,
41, and 4J, equalizing sleeve 416 is connected by threads to lower component 414 that 1s
slideably mounted (longitudinally and radially in the example shown) around mandrel 402.
Lower component 414 covers J-pins 413 that engage a J-slot 420 that is formed in the surface
of mandrel 402. J-pins 413 are held in a slip-ring 412 (described in more detail below) that
spins around mandrel 402. Threaded to lower component 414 is a slip-stop-ring 410. Again,
a set screw 418 prevents lower component 414 and élip-stop-ring 410 from unscrewing. Slip-
stop-ring 410 is seen in the top portion of Figure 4 connected to slip ring 409 by slip ring
screw 411 (for example, ASME B 18.3 hexagon socket-cap head-screw, 5 1/16” — 18 UNTC
x 2.750 long, ASTM A574 alloy steel).

14
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[0062] On the bottom of Figure 4, 180° from slip ring screw 411, slip springs 408 are seen.

Springs 408 reside in channel 426 and bias rocker slip 406 against rocker slip retaining ring

407' the biasing action of springs 408 operates against retaining ring 407, causing rocker slip
406 to be biased toward mandrel 402 T herefore when the packer assembly is belng run into

the well-bore, the teeth on rocker slip 406 are nct engaged with the well-bore.

[0063] Referring now to Figure 4A, mandrel 402 is seen alone, Where shoulder 430 and
shoulder 401 are more easily seen. Further, J-slot 420 is seen machined into the surface of

mandrel 402, in the illustrated eXample.

[0064] Figure 4B shows the actual shape of J-slot 402, which is formed (e.g., machined)
circumferentially around mandrel 402. The top line 461 and bottom line 461° actually do nct

exist. Those are the 11nes on which the J-slot 420 j Joins on the outside of mandre] 402.

[0065] Figure 4F shows, slip ring 412, which, in the example embodiment of Figure 4]
(taken along line B of Figure 4F) comprises two halves, 412a and 412b, each of which
includes a threaded receptacle 481 that mates with threads 483 of J-pin 413 (Figure 4I).

Fixing J-pins to shp nng 412, rather than floating them without a sub stantlally ﬁxed radial

connection, reduces wear and other problems caused by debris mterfenng between J-pins 413

and slip ring 412.

[0066] With the two J-pins 413 (Figure 4), each set 180° apart, there are three states for the
expansion packer assembly, depending on where the J -pine are located. During the process in
which the expansion packer is being run into the well-bore, the J-pins reside in slot 471.
Once the expansion packer is in place, an operator lifts the work string (e.g. coiled tubing)
from the surface, which lifts mandrel 402. J-pin 413 then shifts from position 471 (Figure
4B) to position 472. During that shifting, the drag pads 429 (Figure 4) of rocker slip 406
cause friction between the rocker slip 406 and the well-bore. This allows the mandrel 402 to
move upward and the J-pin to change positions. Mandrel 402 is then pushed down from
above, causing J-pin 413 to again shift from position 472 to pcsition473 "(Figure 4B). This
shift causes setting cone 405 (Figure 4) to engage rocker slips 406, causing them to move

outward and engage the well-bore. Further movement downward of mandrel 402 causes

mandrel shoulder 430 (Figure 4) to move away from setting cone 405, and expansion packer

15
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element 404 expands against the well-bore, sealing the lower portion of the well-bore from
the portlon of the well-bore above element 404. In this position, ports 421 have moved past

opening 421° ﬂand are sealed agamst surface 425

[0067] When mandrel 402 is again lifted (after tl*eatment operations), J-pin 413 again shifts
into position 472 (Figure 4B), causing ports 421 (Figure 4) to again be in fluid
communication with opening 421°, and pressure 1s equalized above and below packer
element 404. As will be seen in more detail below, the alignments of ports 421 with opening

421" occurs while packer element 404 may still be substantially engaged with the well-bore.

[0068] Also, during treatment operations (such as well fracturing, when fluids containing
sand may be used), it has been found that the upper cup packer 308 (Figure 3) can become

stuck. However, the cup packer element 308 is mouﬁted on cup carrier sleeve 309, so that .
cup mandrel 303 (and, therefore, expansion packer mandrel 402) can slide without the need
to move cup element 308. This allows the setting and the operation of pressure i‘elease below

a fixed cup element.

[0069] Referring now to Figure 3A, an _assembly view of the cup element assembly is seen.
Cup carrier sleeve 309 is positioned to be slid into the cup element assembly such that surface
320a of the cup element 308 engages surface 320b of cup carrier sleeve 309. In various
embodiments, cup element 308 comprises and elastomer (for example, an elastomer seal --
for example NBR 80 Shore A), and a spring 308a is imbedded in the elastomer material,
mounted to cup element ring 308b, as shown. In me.ny exarnples, there 1s a slight outward
taper of the inner surface 308c of cup element 308. Thimble 307 holds cup element 308 |
against cup carrier .sleeve 309 by pressing cup surface 316a against cup carrier sleeve
shoulder 316b by engaging thimble surface 318a with cup surface 318b. As mentioned with
reference to Figure 3, the threading of a cup retainer ring 306 onto sleeve 309 at threads 315
holds the thimble 307, cup element 308 and cup carrier sleeve 309 together.

[0070] Referring now to Figure 3C, the cup carrier sleeve is positioned to be slid over cup
mandrel 303 (left to right in the Figure) such that surface 314a of cup carrier sleeve 309 is
stopped by shoulder 314a of mandrel 303. A seal 313 is applied around mandrel 303, as

shown. Referring now to Fi gure 3B stroke housing 310 "is slid over mandrel 303 (from the '_

nght as in the F1gure) then, pin threads 319 on cup carrier sleeve 309 mate with box threads
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319’ on stoke housing 310. The connection between cup carrier sleeve 309 and stroke
housing 310 is sealed with another seal 313. At the end of stroke housing 310 a wiper ring
(not shown) 1s mounted in wiper rmg receptaele 312 (Flgure 3B). Figure 3D shows a

common seal 313 used in cormectlon W1th stroke housmg 310 and cup carrier sleeve 300.

[0071] Retferring to Figures SA-5D, an example of a system is seen in the “run-in” position
(that is, the “state” or positions of the components when seen run into a well-bore). In Figure
SA, connector 301 comprises two components '301a and 301b. The form of connector 301
varies depending on a variety of considerations including Size, type of work string, "t_reatment
method, and other considerations that will occur to those with skill in the art, Cup retainer
306 1s run up against connector 301a, and the cup sleeve carrier and stroke housing are in a

compressed position with respect to cup mandrel 303.

[0072] In 'Figure 5B, cup mandrel 303 1s seen connected to a centralizer 503 that includes a
gauge receptacle 505. In some example embi'odimems, centralizer 503 does not include ;I
gauge receptacle; however, in the illustrated example, gauge receptacle 505 is provided so
that an instrument (for example, a pressure gauge) may be positioned in the well during
treetment operations. Having pressure measurements frem an area close to the locatioh of
treatment helps interpretations of the quelity of the treatment compared with pressure .

readings taken at the surface.

[0073] Figure 11A shows an example centralizer 503 with gauge receptacle 505 drilled
through, as more fully illustrated in Figure 11B, taken through line “A” of Figure 11A.
There, barrel 571 of centralizer 503 is surrounded by extensions 573, at least one of which
has been drilled through to accept a gauge in receptacle 505. The gauge is mounted, in

Vaﬁous embodiments, in many ways thet will occur to those of skill in the art; there is no .

particularly best way to mount such a gauge in receptacle 505.

[0074] Centralizer 503 i1s seen in Figure 5B connected to space cylinder 510, which is, in
turn, connected to ported member 401, which includes port 511. For simplicity, not all of
ported member 401 1s seen in Figure 5B. ' |

[0075] A more complete view of ported member 401 is seen in Figure 4C, where slots 511
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