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The EZ Drill[err] packer and bridge plug and the EZ Drill SV[err] packer
are designed for fast removal This invention relates to downhole tools for
use  from the well bore by either rotary or cable tool in well bores and
the removal of such tools out of  drilling methods. Many of the components
in these well bores.                                   5   drillable
packing devices are locked together to In the drilling or reworking of oil
wells, a great  prevent their spinning while being drilled, and the variety
of downhole tools are used. For example,   harder slips are grooved so that
they will be broken but not by way of limitation, it is often desirable to
up in small pieces. Typically, standard "tri-cone" seal tubing or other
pipe in the casing of the well,  rotary drill bits are used which are
rotated at such as when it is desired to pump cement or  10  speeds of
about 75 to about 120 rpm. A load of other slurry down tubing and force the
slurry out  about 5,000 to about 7,000 pounds of weight is into a
formation. It then becomes necessary to seal  applied to the bit for
initial drilling and increased as the tubing with respect to the well
casing and to  necessary to drill out the remainder of the packer prevent
the fluid pressure of the slurry from lifting  or bridge plug, depending
upon its size. Drill col- the tubing out of the well. Packers and bridge
is  lars may be used as required for weight and bit plugs designed for
these general purposes are well  stabilization. known in the art.
Such drillable devices have worked well and When it is desired to remove
many of these      provide improved operating performance at rela- downhole
tools from a well bore, it is frequently  tively high temperatures and
pressures. The pack- simpler and less expensive to mill or drill them out
20  ers and plug mentioned above are designed to rather than to implement a
complex retrieving op-  withstand pressures of about 10,000 psi and tem-
eration. In milling, a milling cutter is used to grind  peratures of about
425  F. after being set in the the packer or plug, for example, or at least
the   well bore. Such pressures and temperatures re- outer components
thereof, out of the well bore.    quire the cast iron components previously
dis- Milling is a relatively slow process, but it can be   25  cussed. used
on packers or bridge plugs having relatively      However, drilling out
iron components requires hard components such as erosion-resistant hard
certain techniques. Ideally, the operator employs steel. One such packer is
disclosed in U. S. Patent  variations in rotary speed and bit weight to
help No. 4,151,875 to Sullaway, assigned to the as-     break up the metal
parts and reestablish bit pene- signee of the present invention and sold
under the   30  tration should bit penetration cease while drilling. A
trademark EZ Disposal packer. Other downhole       phenomenon known as "bit
tracking" can occur, tools in addition to packers and bridge plugs may
wherein the drill bit stays on one path and no also be drilled out.
longer cuts into the downhole tool. When this hap- In drilling, a drill bit
is used to cut and grind up  pens, it is necessary to pick up the bit above
the the components of the downhole tool to remove it  35  drilling surface
and rapidly recontact the bit with from the well bore. This is a much
faster operation  the packer or plug and apply weight while continu- than
milling, but requires the tool to be made out of  ing rotation. This aids
in breaking up the estab- materials which can be accommodated by the drill
lished bit pattern and helps to reestablish bit pene- bit. Typically, soft
and medium hardness cast iron  tration. If this procedure is used, there
are rarely are used on the pressure bearing components,  40  problems.
However, operators may not apply these along with some brass and aluminum
items. Pack-    techniques or even recognize when bit tracking has ers of
this type include the Halliburton EZ Drill[err]  occurred. The result is
that drilling times are great- and EZ Drill SV[err] squeeze packers.
ly increased because the bit merely wears against The EZ Drill SV[err]
squeeze packer, for example,  the surface of the downhole tool rather than
cutting includes a lock ring housing, upper slip wedge,  45  into it to
break it up. lower slip wedge, and lower slip support made of       While
cast iron components may be necessary soft cast iron. These components are
mounted on    for the high pressures and temperatures for which a mandrel
made of medium hardness cast iron.       they are designed, it has been
determined that The EZ Drill[err] squeeze packer is similarly con-     many
wells experience pressures less than 10,000 structed. The Halliburton EZ
Drill[err] bridge plug is  50  psi and temperatures less than 425  F. This
in- also similar, except that it does not provide for fluid  cludes most
wells cemented. In fact, in the majority flow therethrough.
of wells, the pressure is less than about 5,000 psi, All of the
above-mentioned packers are dis-     and the temperature is less than about
250  F. closed in Halliburton Services Sales and Service   Thus, the heavy
duty metal construction of the Catalog No. 43, pages 2561-2562, and the
bridge  55  previous downhole tools, such as the packers and plug is
disclosed in the same catalog on pages     bridge plugs described above, is
not necessary for 2556-2557.                                         many
applications, and if cast iron components can be eliminated or minimized,
the potential drilling 2    



3                 EP 0 519 757 B1                       4 problems
resulting from  bit tracking might be         Most of the components of the
slip means are avoided as well.                                   subjected
to substantially compressive loading In the apparatus of the present
invention, at   when in a sealed operating position in the well least some
of the components, including pressure   bore, although some tensile loading
may also be bearing components, are made of non-metallic ma-   5
experienced. The center mandrel typically has ten- terials, such as
engineering grade plastics. Such  sile loading applied there to when
setting the pack- plastic components are much more easily drilled    er and
when the packer is in its operating position. than cast iron, and new
drilling methods may be        In order that the invention may be more
fully employed which use alternative drill bits such as  understood, some
embodiments thereof will now polycrystalline diamond compact bits, or the
like,  10  be described by way of example only with refer- rather than
standard tri-cone bits.                ence to the accompanying drawings,
wherein: More specifically, the present invention, pro-    FIG. 1 generally
illustrates a downhole tool ap- vides a downhole apparatus for use in a
well bore,    paratus of the present invention positioned in a said
apparatus comprising: a center mandrel; and      well bore with a drill bit
disposed thereabove. slip means disposed on said mandrel for grippingly  15
FIGS. 2A and 2B show a cross section of a first engaging said well bore
when in a set position,       embodiment of a drillable packer;
characterized in that said slip means comprise a      FIGS 3A and 3B show a
second form of drillable slip wedge made of a non-metallic material, and
packer embodiment, with a poppet valve therein. that the diameter of the
bore of the mandrel is less  FIG. 4 is a cross section of one embodiment of
than half the outside diameter of the mandrel.  20    a drillable bridge
plug made in accordance with The downhole tool apparatus of the present
the present invention. invention utilizes non-metallic materials, such as
Referring now to FIG. 1, the downhole tool engineering grade plastics, to
reduce weight, to   apparatus of the present invention is shown and reduce
manufacturing time and labour, to improve   generally designated by the
numeral 10. Apparatus performance through reducing frictional forces of  25
10, which may include, but is not limited to, pack- sliding surfaces, to
reduce costs and to improve   ers, bridge plugs, or similar devices, is
shown in an drillability of the apparatus when drilling is required
operating position in a well bore 12. Apparatus 10 to remove the apparatus
from the well bore. Pri-   can be set in this position by any manner known
in marily, in this disclosure, the downhole tool is char-  the art such as
setting on a tubing string or wire acterized by well bore packing
apparatus, but it is  30  line. A drill bit 14 connected to the end of a
tool or not intended that the invention be limited to such  tubing string
16 is shown above apparatus 10 in a packing devices. The non-metallic
components in    position to commence the drilling out of apparatus the
downhole tool apparatus also allow the use of  10 from well bore 12.
Methods of drilling will be alternative drilling techniques to those
previously  further discussed herein. known.
35       Referring now to FIGS. 2A and 2B, the details In addition to the
slip wedge or wedges, the    of a first squeeze packer embodiment 100 of
ap- mandrel, the slips and or slip supports may be     paratus 10 will be
described. The size and configu- made of the non-metallic material, such as
plastic.  ration of packer 100 is substantially the same as Specific
preferred plastics include nylon, phenolic  the previously mentioned prior
art EZ Drill SV[err] materials and epoxy resins. The phenolic materials  40
squeeze packer. Packer 100 defines a generally may further include any of
Fiberite FM4056J,       central opening 104 therein. Fiberite FM4005 or
Resinoid 1360. The plastic          Packer 100 comprises a center mandrel
102 on components may be molded or machined.              which most of the
other components are mounted. One preferred plastic material for at least
some  Mandrel 102 may be described as a thick cross- of these components is
a glass reinforced phenolic  45  sectional mandrel having a relatively
thicker wall resin having a tensile strength of about 18,000 psi  thickness
than typical packer mandrels. A thick and a compressive strength of about
40,000 psi,    cross-sectional mandrel may be generally defined although
the invention is not intended to be limited  as one in which the central
opening there through to this particular plastic or a plastic having these
has a diameter less than about half of the outside specific physical
properties. The plastic materials  so  diameter of the mandrel. That is,
mandrel central are preferably selected such that the packing ap-  opening
104 in center mandrel 102 has a diameter paratus can withstand well
pressures less than     less than half the outside of center mandrel 102.
It about 10,000 psi and temperatures less than about  is contemplated that
a thick cross-sectional man- 425 F. In one preferred embodiment, but not by
drel will be required if it is constructed from a way of limitation, the
plastic materials of the pack-  55   material having relatively low
physical properties. In ing apparatus are selected such that the apparatus
particular, such materials may include phenolics can withstand well
pressures up to about 5,000 psi  and similar plastic materials. and
temperatures up to about [err]. 3    



5                 EP 0 519 757 B1                    6 An upper support 106
is attached to the upper  upwardly and inwardly. Thus, valve housing 144
end of center mandrel 102 at threaded connection  may also be considered a
lower slip support 144. 108. In an alternate embodiment, center mandrel
Referring now also to FIG. 2B, valve housing 102 and upper support 106 are
integrally formed   146 is attached to the lower end of center mandrel and
there is no threaded connection 108. A spacer   5   102 at threaded
connection 146. A sealing means, ring or upper slip support 110 is disposed
on the  such as O-ring 148, provides sealing engagement outside of mandrel
102 just below upper support   between valve housing 144 and center mandrel
106. Spacer ring 110 is initially attached to center  102. mandrel 102 by
at least one shear pin 112. A         Below the lower end of center mandrel
102, downwardly and inwardly tapered shoulder 114 is  io  valve housing 104
defines a longitudinal opening defined on the lower side of spacer ring
110.     150 therein having a longitudinal rib 152 in the Disposed below
spacer ring 110 are a plurality  lower end thereof. At the upper end of
opening 150 of upper slips 116. A downwardly and inwardly     is an annular
recess 154. sloping shoulder 118 forms the upper end of each   . Below
opening 150, valve housing 144 defines slip 116. The taper of each shoulder
118 conforms   15  a housing central opening including a bore 156 to the
taper of shoulder 114 on spacer ring 110,  therein having a closed lower
end 158. A plurality and slips 116 are adapted for sliding engagement  of
transverse ports 160 are defined through valve with shoulder 114, as will
be further described   housing 144 and intersect bore 156. The wall thick-
herein.                                           ness of valve housing 144
is thick enough to ac- An upwardly and inwardly facing taper 120 is  20
commodate a pair of annular seal grooves 162 defined in the lower end of
each slip 116. Each   defined in bore 156 on opposite sides of ports 160.
taper 120 generally faces the outside of center      Slidably disposed in
valve housing 144 below mandrel 102.
center mandrel 102 is a sliding valve 164. At the A plurality of hardened
inserts or teeth 122   upper end of sliding valve 164 are a plurality of
preferably are molded into upper slips 116. In the   25  upwardly extending
collet fingers 166 which initially embodiment shown in FIG. 2A, inserts 122
have a   engage recess 154 in valve housing 144. Sliding generally square
cross section and are positioned  valve 164 is shown in an uppermost,
closed posi- at an angle so that a radially outer edge 124     tion in FIG.
2B. It will be seen that the lower end of protrudes from the corresponding
upper slip 116.  center mandrel 102 prevents further upward move- Outer
edge 124 is adapted for grippingly engaging   30  ment of sliding valve
164. well bore 12 when packer 100 is set. It is not       Sliding valve 164
defines a valve central open- intended that inserts 122 be of square cross
sec-  ing 168 therethrough which is in communication tion and have a
distinct outer edge 124. Different  with central opening 104 in center
mandrel 102. A shapes of inserts may also be used. Inserts 122   chamfered
shoulder 170 is located at the upper can be made of any suitable hardened
material.  35  end of valve central opening 168. An upper slip wedge 126 is
disposed adjacent      Sliding valve 164 defines a plurality of substan- to
upper slips 116 and engages taper 120 therein.  tially transverse ports 172
therethrough which inter- Upper slip wedge 126 is initially attached to
center  sect valve central opening 168. As will be further mandrel 102 by
one or more shear pins 128.        discussed herein, ports 172 are adapted
for align- Below upper slip wedge 126 are upper back-up   40  ment with
ports 160 in valve housing 144 when ring 37, upper packer shoe 38, end
packer ele-    sliding valve 164 is in a downward, open position ments 40
separated by center packer element 42,   thereof. Rib 152 fits between a
pair of collet fingers lower packer shoe 44 and lower back-up ring 45.
166 so that sliding valve 164 cannot rotate within Below lower back-up ring
45 is a lower slip    valve housing 144, thus insuring proper alignment
wedge 130 which is initially attached to center  45  of ports 172 and 160.
Rib 152 thus provides an mandrel 102 by a shear pin 132. Preferably, lower
alignment means. slip wedge 130 is identical to upper slip wedge 126  A
sealing means, such as O-ring 173, is dis- except that it is positioned in
the opposite direction.  posed in each seal groove 162 and provides seal-
Lower slip wedge 138 is in engagement with    ing engagement between
sliding valve 164 and an inner taper 134 in a plurality of lower slips 136.
50  valve housing 144. It will thus be seen that when Lower slips 136 have
inserts or teeth 138 molded  sliding valve 164 is moved downwardly to its
open therein, and preferably, lower slips 136 are sub-  position, O-rings
173 seal on opposite sides of stantially identical to upper slips 126.
ports 172 in the sliding valve. Each lower slip 136 has a downwardly facing
Referring again to FIG. 2 A, a tension sleeve shoulder which tapers
upwardly and inwardly.  55  174 is disposed in center mandrel 102 and at-
Shoulders 136 are adapted for engagement with a   tached thereto to
threaded connection 176. Tension corresponding shoulder 142 defining the
upper end  sleeve 174 has a threaded portion 178 which ex- of a valve
housing 144. Shoulder 142 also tapers  tends from center mandrel 102 and is
adapted for 4    



7                EP 0 519 757 B1                       8 connection to a
standard setting tool (not shown) of  valve housing 416. A sealing means,
such as O- a kind known in the art.                         ring 446
provides sealing engagement between Below tension sleeve 174 is an internal
seal  valve holder 442 and valve housing 416. 180.
Above shoulder 424 in valve housing 416, Referring now to FIGS. 3A and 3B,
a second   5   valve body 430 has a radially outwardly extending squeeze
packer embodiment is shown and gen-      flange 448 thereon. A biasing
means, such as erally designated by the numeral 400. As illus-  spring 450,
is disposed between flange 448 and trated, the packer embodiment 400
incorporates   shoulder 424 for biasing valve body 430 upwardly the same
thick cross-sectional center mandrel 102  with respect to valve housing
416. as does the packer embodiment 100 shown in  10       Valve holder 442
defines a first bore 452 and a FIGS. 2A and 2B. Also, the external
components   smaller second bore 454 therein with an upwardly positioned on
center mandrel 102 are the same as  facing chamfered shoulder 456 extending
there- in the first packer embodiment, so the same refer-  between. A ball
458 is disposed in valve holder 442 ence numerals will be used. Further,
tension sleeve  and is adapted for engagement with shoulder 456. 174 and
internal seal 180 in second embodiment  15   Referring now to FIG. 4, a
bridge plug embodi- 100 are also incorporated in fifth embodiment 400,
ment of the present invention is shown and gen- and therefore these same
reference numerals have  erally designated by the numeral 500. It comprises
also been used.                                  the same center mandrel
102 and the external The difference between the second packer em-
components positioned thereon as does the first bodiment 400 and first
embodiment 100 is that the   20  packer embodiment 100. Therefore, the
reference lower end of center mandrel 102 is attached to a  numerals for
these components shown in FIG. 4 lower slip support 402 at threaded
connection 404.  are the same as in FIG. 2A. Shoulders 140 on lower slips
136 slidingly engage    The lower end of center mandrel 102 in the an
upwardly and inwardly tapered shoulder 406 at  bridge plug embodiment 500
is connected to a the upper end of lower slip support 402.     25  lower
slip support 502 at threaded connection 504. Referring now to FIG. 3B, a
sealing means,    An upwardly and inwardly tapered shoulder 506 on such as
O-ring 408, provides sealing engagement  lower slip support 502 engages
shoulders 140 on between the lower end of center mandrel 102 and  lower
slips 136. As with the other embodiments, lower slip support 402.
slips 136 are adapted for sliding along shoulder Lower slip support 402
defines a first bore 410  30  506. therein and a larger second bore 412
spaced          Lower slip support 502 defines a bore 508 downwardly from
the first bore. A tapered seat   therein which is in communication with
mandrel surface 414 extends between first bore 410 and   central opening
104 in center mandrel 102. second bore 412.
A bridging plug 510 is disposed in the upper The lower end of lower support
402 is attached   35  portion of mandrel central opening 104 in center to a
valve housing 416 at threaded connection 418.  mandrel 102 and is sealingly
engaged with internal Valve housing 416 defines a first bore 420 and a
seal 180. A radially outwardly extending flange 512 smaller second bore 422
therein. An upwardly fac-  prevents bridging plug 510 from moving downwar-
ing annular shoulder 424 extends between first   dly through center mandrel
102. bore 420 and second bore 422. Below second bore  40  Above bridging
plug 510 is tension sleeve 174, 422, valve housing 416 defines a third bore
426  previously described for second packer embodi- therein with an
internally threaded surface 428 for-  ment 100. ming a port at the lower
end of the valve housing.  In prior art drillable packers and bridge plugs
Disposed in first bore 420 in valve housing 416  of this general type,
mandrel 102 is made of a is a valve body 430 with an upwardly facing an-
45  medium hardness cast iron, and the slip wedges nular shoulder 432
thereon. An elastomeric valve  126, 130 and lower slip support 144 are made
of seal 434 and a valve spacer 436, which provides  soft cast iron for
drillability. Most of the other support for the valve seal, are positioned
adjacent  components are made of aluminium, brass or rub- to shoulder 432
on valve body 430. A conical valve  ber which, of course, are relatively
easy to drill. head 438 is positioned above valve seal 434 and is  50
Prior art upper and lower slips are made of hard attached to valve body 430
at threaded connection  cast iron, but are grooved so that they will easily
440. It will be seen by those skilled in the art that  be broken up in
small pieces when contacted by valve seal 434 is adapted for sealing
engagement  the drill bit during a drilling operation. with seat surface
414 in lower slip support 402      As previously described, the soft cast
iron con- when valve body 430 is moved upwardly.      55  struction of
prior art lock ring housings, upper and The lower end of valve body 430 is
connected  lower slip wedges, and lower slip supports are to a valve holder
442 by one or more pins 444.   adapted for relatively high pressure and
tempera- Valve holder 442 is disposed in second bore 422 of  ture
conditions, while a majority of well applications 5    



9                 EP 0 519 757 B1                    10 do not require a
design for such conditions. Thus,  laway. the apparatus of the present
invention, which is      In the setting of the packer embodiments 100
generally designed for pressures lower than 10,000  and 400, and the bridge
plug embodiment 500 the psi and temperatures lower than 425 F, utilizes
setting tool is attached to tension sleeve 174. Dur- engineering grade
plastics for at least some of the   5   ing setting, the setting tool
pushes downwardly on components. For example, the apparatus may be
upper slip support 110, thereby shearing shear pin designed for pressures
up to about 5,000 psi and   112. Upper slips 116 are moved downwardly with
temperatures up to about 250 F, although the in-   respect to upper slip
wedge 126. Tapers 120 and vention is not intended to be limited to these
par-  upper slips 116 slide along upper slip wedge 126, ticular conditions.
10  and shoulders 118 on upper slips 116 slide along At least some of the
previously soft cast iron  shoulder 114 on upper slip support 110. Thus,
components of the slip means, upper and lower      upper slips 116, are
moved radially outwardly with slip wedges and optionally the lower slip
support  respect to center mandrel 102 such that edges 124 are made of
engineering grade plastics. In particu-  of inserts 122 grippingly engage
well bore 12. lar, the upper and lower slip wedges are subjected   15  Also
during the setting operation, upper slip to substantially compressive
loading. Since engi-  126 is forced downwardly, shearing shear pin 128.
neering grade plastics exhibit good strength in    This in turn causes
packer elements 40 and 42 to compression, they make excellent choices for
use   be squeezed outwardly into the sealing engage- in components
subjected to compressive loading.    ment with the well bore. The lower
slip support is also subjected to substan-   20  The lifting on center
mandrel 102 causes the tially compressive loading and can be made of
lower slip support (valve housing 144 in the first engineering grade
plastic when the packer is sub-  packer embodiment 100, lower slip support
402 in jected to relative low pressures and temperatures.  second packer
embodiment 400, and lower slip The upper and lower slips may also be of
support 502 in the bridge plug embodiment 500) to plastic in some
applications. Hardened inserts for  25  be  moved up and lower slips 136 to
be moved gripping well bore 12 when the packer is set may   upwardly with
respect to lower slip wedge 130. be required as part of the plastic slips.
Such con-  Tapers 134 in lower slips 136 slide along lower slip struction
is discussed in more detail below.       wedge 130, and shoulders 140 on
lower slips 136 Mandrel 102 is subjected to tensile loading     slide along
the corresponding shoulder 142, 406, or during setting and operation, and
many plastics will  30  506. Thus, lower slips 136 are moved radially out-
not be acceptable materials therefor. However,     wardly with respect to
center mandrel 102 so that some engineering plastics exhibit good tensile
inserts 138 grippingly engage well bore 12. loading characteristics, so
that construction of man-  Also during the setting operation, lower slip
drel 22 from such plastics is possible. Reinforce-  wedge 130 is forced
upwardly, shearing shear pin ments may be provided in the plastic resin as
35  132, to provide additional squeezing force on pack- necessary.
er elements 40 and 42. The engagement of inserts 122 in upper slips Example
116 and inserts 138 in lower slips 136 with well bore 12 prevent packers
100 and 400 and bridge A packer was constructed in which the upper  40
plug 500 from coming unset slip wedge and lower slip wedge were constructed
Once the packer 100 is set, the valve 164 by molding the parts to size from
a phenolic resin  therein may be actuated in a manner known in the plastic
with glass reinforcement. The specific ma-  art. terial used was Fiberite
4056J manufactured by         In the packer embodiment 400, the valve as-
Fiberite Corporation of Winona, Minnesota. This  45  sembly comprising
valve body 432, valve seal 434, material is classified by the manufacturer
as a two  valve spacer 436, valve head 438 and valve holder stage phenolic
with glass reinforcement. It has a  442 is operated in a manner
substantially identical tensile strength of 18,000 psi and a compressive
to that of the Halliburton EZ Drill[err] squeeze packer strength of 40,000
psi.                            of the prior art. 50 Setting and Operation
of the Apparatus             Drilling out the Packer Apparatus Downhole
tool apparatus 10 is positioned in        Drilling out any embodiment of
downhole tool well bore 12 and set into engagement therewith in  10 may be
carried out by using a standard drill bit a manner similar to prior art
devices made with  55  at the end of tubing string 16. Cable tool drilling
metallic components. For example, a prior art ap-  may also be used. With a
standard "tri-cone" drill paratus and setting thereof is disclosed in the
bit, the drilling operation is similar to that of the above-referenced U.S.
Patent No. 4,151,875 to Sul-  prior art except that variations in rotary
speed and 6    11                 EP 0 519 757 B1                    12 



bit weight are not critical because the non-metallic  5. Apparatus
according to claim 1, 2, 3 or 4, materials are considerably softer than
prior art cast   wherein said slip means comprises slips iron, thus making
tool 10 much easier to drill out.     (116,136) made of a non-metallic
material. This greatly simplifies the drilling operation and reduces the
cost and time thereof.              5   6. Apparatus according to claim 5.
further com- In addition to standard tri-cone drill bits, and    prising a
plurality of hardened inserts (122,138) particularly if tool 10 is
constructed utilizing en-    molded  into said  material of said  slips
gineering grade plastics for the mandrel as well as     (116,136). for slip
wedges, slips, slip supports and housings, alternate types of drill bits
may be used which   10  7. Apparatus according to any of claims 1 to 6,
would be impossible for tools constructed substan-      wherein said
mandrel (102) is made of a non- tially of cast iron. For example,
polycrystalline dia-  metallic material. mond compact (PDC) bits may be
used. Drill bit 14 in FIG. 1 is illustrated as a PDC bit. Such drill bits
8. Apparatus according to any of claims 1 to 7, have the advantage of
having no moving parts  15        wherein said non-metallic material is an
en- which can jam up. Also, if the well bore itself was     gineering grade
plastic. drilled with a PDC bit, it is not necessary to replace it with
another or different type bit in order to drill  9. Apparatus according to
claim 8, wherein said out tool 10.
plastic is nylon, a phenolic material which is While specific squeeze
packer and bridge plug   20   Fiberite FM4056J, Fiberite FM4005 or Resinoid
configurations of packing apparatus 10 have been        1360, or an epoxy
resin. described herein, it will be understood by those skilled in the art
that other tools may also be     10. Apparatus according to any of claims 1
to 9, constructed utilizing components selected of non-       wherein the
or each said wedge (126,130) is metallic materials, such as engineering
grade plas-  25  molded to size. tics. Patentansprtiche Claims 1. En
Bohrlochwerkzeug zur Verwendung in ei- 1. A downhole apparatus for use in a
well bore,  30     nem Bohrloch, bestehend aus: einer zentralen said
apparatus comprising: a center mandrel         Spindel (102) und einer
Gleiteinrichtung (116, (102); and slip means (116,126,136,130) dis-
126, 136, 130), die zum  Eingriff in besagte posed on said mandrel for
grippingly engaging       Bohrlochbohrung in gesetzter Stellung auf be-
said well bore when in a set position, char-        sagter Spindel
ausgefUhrt ist, gekennzeichnet acterized in that said slip means comprise a
35   dadurch, daB besagte Gleiteinrichtung einen slip wedge (126,130) made
of a non-metallic         Gleitkeil (126, 130) aus nichtmetallischem
material, and that the diameter of the bore         Werkstoff umfaBt und
daB der Durchmesser (104) of the mandrel is less than half the          der
Bohrung (104) der Spindel kleiner als halb outside diameter of the mandrel.
so groB wie der Aulendurchmesser der Spin- 40      del ist. 2. Apparatus
according to claim 1, which is a packing apparatus and comprises packing
2. Gerit nach Anspruch 1, wobei es sich um ein means (40,42) disposed on
the mandrel (102)         Packergerat handelt, bestehend aus Packerein- for
sealingly engaging said wellbore when in a      richtungen (40, 42), das
zum dichtenden Emn- set position.                               45
griff in gesetzter Stellung in besagte Bohrloch- bohrung auf der Spindel
(102) ausgeftihrt ist. 3. Apparatus according to claim 2, wherein said slip
means is an upper slip means (116) dis-     3  Gerit nach Anspruch 2, wobei
besagte Gleit- posed above said packing means and further
einrichtung eine obere Gleiteinrichtung (116) comprising a lower slip means
(136) disposed   so   ist, die Ober besagter Packeinrichtung ausge- below
said packing means (40,42), said lower        fUhrt ist und weiter eine
untere Gleiteinrichtung slip means comprising another slip wedge
(136) aufweist, die unter besagten Packerein- (130) made of a non-metallic
material.              richtungen (40, 42) ausgefUhrt ist, wobei be- sagte
Gleiteinrichtung einen weiteren Gleitkeil 4. Apparatus according to claim
1, 2 or 3,  55         (130) aus nichtmetallischem  Werkstoff auf- wherein
said slip  means (116,126,136,130)          weist. comprises a slip support
(110,144) made of a non-metallic material. 7    11                 EP 0 519
757 B1                    12 



bit weight are not critical because the non-metallic  5. Apparatus
according to claim 1, 2, 3 or 4, materials are considerably softer than
prior art cast  wherein said slip means comprises slips iron, thus making
tool 10 much easier to drill out.   (116,136) made of a non-metallic
material. This greatly simplifies the drilling operation and reduces the
cost and time thereof.             5   6. Apparatus according to claim 5,
further com- In addition to standard tri-cone drill bits, and   prising a
plurality of hardened inserts (122,138) particularly if tool 10 is
constructed utilizing en-   molded  into said  material of said  slips
gineering grade plastics for the mandrel as well as    (116,136). for slip
wedges, slips, slip supports and housings, alternate types of drill bits
may be used which   io  7. Apparatus according to any of claims 1 to 6,
would be impossible for tools constructed substan-     wherein said mandrel
(102) is made of a non- tially of cast iron. For example, polycrystalline
dia-  metallic material. mond compact (PDC) bits may be used. Drill bit 14
in FIG. 1 is illustrated as a PDC bit. Such drill bits  8.  Apparatus
according to any of claims 1 to 7, have the advantage of having no moving
parts  is       wherein said non-metallic material is an en- which can jam
up. Also, if the well bore itself was    gineering grade plastic. drilled
with a PDC bit, it is not necessary to replace it with another or different
type bit in order to drill  9  Apparatus according to claim 8, wherein said
out tool 10.                                           plastic is nylon, a
phenolic material which is While specific squeeze packer and bridge plug
20  Fiberite FM4056J, Fiberite FM4005 or Resinoid configurations of packing
apparatus 10 have been       1360, or an epoxy resin. described herein, it
will be understood by those skilled in the art that other tools may also be
10. Apparatus according to any of claims 1 to 9, constructed utilizing
components selected of non-      wherein the or each said wedge (126,130)
is metallic materials, such as engineering grade plas-  25  molded to size.
tics. PatentansprLfche Claims 1. Ein Bohrlochwerkzeug zur Verwendung in ei-
1. A downhole apparatus for use in a well bore,  30    nem Bohrloch,
bestehend aus: einer zentralen said apparatus comprising: a center mandrel
Spindel (102) und einer Gleiteinrichtung (116, (102); and slip means
(116,126,136,130) dis-       126, 136, 130), die zum Eingriff in besagte
posed on said mandrel for grippingly engaging      Bohrlochbohrung in
gesetzter Stellung auf be- said well bore when in a set position, char-
sagter Spindel ausgefUhrt ist, gekennzeichnet acterized in that said slip
means comprise a   35  dadurch, daB besagte Gleiteinrichtung einen slip
wedge (126,130) made of a non-metallic        Gleitkeil (126, 130) aus
nichtmetallischem material, and that the diameter of the bore
Werkstoff umfaBt und daB der Durchmesser (104) of the mandrel is less than
half the         der Bohrung (104) der Spindel kleiner als halb outside
diameter of the mandrel.                   so groB wie der AuBendurchmesser
der Spin- 40   del ist. 2. Apparatus according to claim 1, which is a
packing apparatus and comprises packing         2. Gerdt nach Anspruch 1,
wobei es sich um ein means (40,42) disposed on the mandrel (102)
Packergerat handelt, bestehend aus Packerein- for sealingly engaging said
wellbore when in a     richtungen (40, 42), das zum dichtenden Ein- set
position.                              45      griff in gesetzter Stellung
in besagte Bohrloch- bohrung auf der Spindel (102) ausgefUhrt ist. 3.
Apparatus according to claim 2, wherein said slip means is an upper slip
means (116) dis-    3. Gert nach Anspruch 2, wobei besagte Gleit- posed
above said packing means and further         einrichtung eine obere
Gleiteinrichtung (116) comprising a lower slip means (136) disposed   so
ist, die Uber besagter Packeinrichtung ausge- below said packing means
(40,42), said lower       f0hrt ist und weiter eine untere Gleiteinrichtung
slip means comprising another slip wedge           (136) aufweist, die
unter besagten Packerein- (130) made of a non-metallic material.
richtungen (40, 42) ausgeffhrt ist, wobei be- sagte Gleiteinrichtung einen
weiteren Gleitkeil 4. Apparatus according to claim  1, 2 or 3,  55
(130) aus nichtmetallischem  Werkstoff auf- wherein said slip means
(116,126,136,130)          weist. comprises a slip support (110,144) made
of a non-metallic material. 7 * C   L  M   S*    
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Anspruch 1, 2 oder 3, wobei be-          en dessous dudit moyen de
garniture (40,42), sagte Gleiteinrichtung (116, 126, 136, 130)        ledit
moyen grippeur inferieur comprenant un eine KeilstUtze (110, 144) aus
nichtmetalli-       autre coin glisseur (130) fait en un mat6riau schem
Werkstoff beinhaltet.                        non metallique. 5 5. Gerat
nach Anspruch 1, 2, 3 oder 4, wobei       4. Un equipement selon la
revendication 1, 2 ou besagte Gleiteinrichtung Keile (116, 136) aus      3,
dans lequel ledit moyen de glissement (116, nichtmetallischem Werkstoff
umfalt.                126, 136, 130) comprend un coin d'appui (110, 144)
fait en un matnriau non metallique. 6. Gerat nach Anspruch 5, das weiterhin
eine   10 Mehrzahl geharteter Einsatze (122, 138) um-     5. Un equipement
selon la revendication 1, 2, 3 faBt, die in besagten Werkstoff besagter
Keile     ou 4 dans lequel ledit moyen de glissement (116, 136) eingebettet
sind.                       comprend des grippeurs (116, 136) faits en un
materiau non metallique. 7. Gerat nach einem  der Ansprlche 1 bis 6,  15
wobei besagte Spindel (102) aus nichtmetalli-   6. Un equipement selon la
revendication 5, com- schern Werkstoff besteht.
prenant encore plusieurs pieces d'insertion trempees (122, 138) moulees
dans ledit mat6- 8. Gerdt nach einem  der AnsprUche 1 bis 7,
riau desdits grippeurs (116, 136) wobei besagter nichtmetallischer
Werkstoff ein.  20 Maschinenkunststoff ist.                        7. Un
equipement selon nWimporte laquelle des revendications 1 a 6, dans loquel
ledit mandrin 9. Gerat nach Anspruch 8, wobei besagter Kunst-        (102)
est fait on un materiau non metallique. stoff Nylon, ein Phenolwerkstoff
mit der Be- zeichnung Fiberite FM4056J, Fiberite FM4005   25  8. Un
equipement selon n'importe laquelle des oder Resinoid 1360 oder ein
Kunstharz ist.         revendications de 1 a 7, dans loquel le mate- riau
non metallique est un plastique de qualite 10. Gerat nach elnern der
AnsprUche 1 bis 9,           construction. wobei der oder alle besagte
Keil(e) (126, 130) auf angemessene GrBoe geformt ist/sind.    30  9. Un
dquipement selon la revendication 8, dans lequel ledit plastique est du
nylon, un materiau Revendicatlons
ph~nolique qui est de la Fiberite FM4056J, de la Fiberite FM4005 ou du
R6sinoid 1360, ou 1. Un equipement d'outil de fond a utiliser dans
une resine d'dpoxy. un forage de puits, ledit equipernent compre-  35 nant:
un mandrin central (102); des moyens de   10. Un dquipement selon n'importe
laquelle des glissement (116, 126, 136, 130) disposes sur
revendications de 1 & 9, dans loquel un ou lodit mandrin pour s'embofter en
serrant ledit     chacun des coins grippeurs (126, 130) est forage du puits
quand il est en mis en place,      moul6 sur mesure. caract6ris6 par le
fait quo lesdits moyens de   40 glissement comprennent un coin grippeur
(126, 130), fait en un matdriau non m6tallique, et quo le diambtre du
forage (104) du mandrin est inferieur a la moitie du diametre externe du
mandrin.                                   45 2. Un equipernent selon la
revendication 1, qui est un 6quipement de garniture et comprend des moyens
de garniture (40, 42) disposes sur le mandrin (102) pour s'emboiter de
manibre  50 Mtanche sur le forage du puits en question lorsqu'il est en
place. 3. Un 6quipement selon la revendication 2, dans lequel ledit moyen
de glissement est un   55 moyen grippeur superieur (116) place au des- sus
dudit moyen de garniture et comprenant encore un moyen grippeur inferieur
(136) plac6 8                      11l~l~l~i111Li 111111111IIpIO    


