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ISOLATION WASHPIPE FOR EARTH WELL CM CEIPT—

AND METHOD FOR USE TN GRAVEL PACKING A WELL

This invention relates generally to methods and
apparatus for oil and gas well completions, and in
particular to methods for isolating distinct production
zones which intersect a single well bore from each other
and apparatus for use in such methods.

In a typical well completion it may be desirable
to isolate one pay zone from another so that only one
zone from another so that only one zone is produced at a
time. Such isolation is typically accomplished by the
placement of well packers in the well bore on either side
of each pay zone. The sequence of production of multiple
pay zones which are tapped individually is typically
dictated by well and reservoir conditions. Such
conditions may include different fluid loss
characteristics frdﬁ“zone to zone, downhole well
pressures_which differ from.zgﬁe to zone, and differing
mineralogic conditions.fréﬁ'ééne to zone.

In addltlon to. rege£v01r and well conditions,
the cost of completlon i& typlcally an overrldlng factor
because each packer whlch 1s ﬁéed to isolate the pay
zones from each othef-is usually relatlvely expensive.
Also, the time it takes to complete a well is partially
determined by the high expense associated with renting

drilling rigs. Therefore any completion method which can

reduce the time required to complete a well provides a
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net savings to the producer.

Typically, wells in which multiple production
zones intersect the well bore are completed from the
bottom up. In a typical completion where isolation of
pay zones is desired so that only one zone is produced at
a time, such pay zones are typically isolated from one
another by the placement of well packers within the well
bore on either side of each pay zone.

In order to sequentially produce from discrete
zones in such wells, a sump packer is placed in the well
bore below the deepest pay zone. Another packer, which
may be either a permanent or a retrievable packer, is
placed above the deepest pay zone. Between the two
packers is placed a well filtration device, such as a
screen, slotted liner, perforated pipe or sintered metal
tube as is well known in the art to reduce sand
production and such other completion equipment as may be
desirable. Hereinafter, "weil screen" means any well
filtration device intended t& inhibit the flow of fines
into the production tubing. Production tubing is stung
into the upper packer to convey produced fluids to the
surface, and the well is produced. When the deepest pay
zone is depleted or otherwise becomes unproductive, the
production tubing is removed from the upper packer and
replaced with a plug. Another packer is run into the
well above the next shallower pay zone, a well screen is
hung off from the packer and the production tubing is

stung into that packer. The next shallower zone is then
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produced. The process is continued up the well bore from
pay zone to pay zone until all zones have been depleted.

The major drawback to this method of production
is that it is wvery costly. The packers employed in the
process are expensive. In addition, a workover rig must
be moved on site to remove and replace the production
tubing and set new packers each time a production zone is
depleted, also at great cost.

An alternative prior art method of sequential
zone production is depicted in Fig. 1. This figures
depicts a type of well completion well known in the art
commonly called a dual string completion allows two
discrete producing zones to be produced before the well
must be reworked. In a dual string completion, well bore
1, which may be essentially vertical or deviated from the
vertical and having a deviation ranging from only a few
degrees from vertical to more than.90°, will normally
pass through several layers of overburden, 2 and 2’ which
lie aboﬁe the shallowest prodﬁétion zone. The well bore
may also pass through one or more layers of non-producing
material, 2" located between producing zones. Below the
layers of overburden 2,2'.and between layers of non-
producing material 2" will be found producing zones 3,3’
which contain well fluids of interest.

Frequently the well bore 1 will be lined with a

tubular casing 5 which is cemented in place and

-subsequently punctured with a plurality of perforations

7,7a within the producing zones 3,3'.

Tt
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Adjacent producing zones 3,3’ are mechanically
separated within the ¢asing string 5 by combinations of
single string well packers 8 and dual string well packers
9. A single string well packer has provision for one
flow conduit to pass therethrough, and a dual string
packer has provision for two flow conduits to pass
therethrough.

The dual string well packer 9 will have a well
gscreen S hung off from one of its flow bores and a
production string P connecting the other bore of the dual
string packer 9 to the single string packer 8. As with
dual string packer 9, single string packer 8 also has a
well screen S hung off from it.

The well screens S are positioned in well bore 1
so that they are adjacent perforations 7 and 7a,
respectively.

In this type of completion, well fluids from
upper producing zone 3 are not commingled with fluids
from lower producing zone 3’ ﬁécause separate production
strings P,P’ extend from dual string packer 9 to the
earth’s surface. As shown in Fig. 1, the production
string P is connected to the well screen hung off from
single string packer 8, and production string P’ is
connected to well screen hung off from dual string packer
9.

However, dual string packers, such as that shown
in Fig. 1 are very expensive when compared to the cost of

a single string packer, so that this type of completion
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is not very desirable from the economic point of view.
In addition, in a dual string completion such as that
described herein, the lower zone is frequently exposed to
completion fluids for an exfended period of time while
the upper zone is completed and the dual packer is run in
place. This extended exposure to completion fluids is
frequently detrimental to the production capabilities of
the lower zone.

As an alternative to the zonal production
methods described above, an entire well might be placed
on production utilizing a sump packer below the deepest
pay zone and a second packer above the shallowest pay
zone. However, this non-zonal method of production is
frequently not desirable because pressure and temperature
characteristics, as well as other mineralogical factors
which may be different from zone to zone, may cause
reservoir damage. When such reservoir damage occurs, the
overall producing life of wells in the reservoir can be
seriousiy diminished and oil thch might have been
normally produced if such reservoir damage did not exist
will be lost.

An additional alternative to zonal production in
which well workovers are required to bring each zone on
production is the utilization of washpipes which depend
from each packer and extend into sealing engagement with
the next lower packer. In this embodiment, each
successive zone is brought on production by running a jet

perforator into the washpipe to the zone of interest and
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6
punching holes through the washpipe at that location.

The shortcoming of this prior art method of
washpipe isolation is that such systems require several
trips into the hole with washpipes which are stacked upon
the next lower packer to effect a seal between the packer
and the washpipe to isolate one pay zone from another.
The use of several units to complete the well in this
manner also exposes the formation to well completion
fluids for a long period of time which may cause damage
to the producing formation. Should such formation damage
occur, it will be difficult to achieve a uniform and
therefore effective gravel pack, should one be required
and could result in reduced production from the well.

Also, in prior art one trip washpipe assemblies,
such washpipes are prone to premature release from the
running tool, thereby necessitating a costly fishing job
to recover the dropped or lost washpipe.

In a preferred form of zonal isolation washpipe
system according to the preseﬁﬁ invention there is
provided a seal assembly adapted for sealing engagement
with the bore of a well packer disposed about the
external circumferences of one end of a tubular washpipe
and é releasable connector system on the other end of the
washpipe which also provides means for retrieval of the
washpipe from the wellbore together with a releasable
telescoping expansion joint which is resistant to
undesired or premature extension.

In one embodiment, the isolation washpipe system
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7
is run into the well bore simultaneously with production
tubing, which may include a sand screen, together with an
upper packer. After the upper packer has been set in the
well casing, the inner string, which includes the
isolation washpipe and its running tool is picked up
until opposing shoulders on the production tubing support
ring and on the running tool no-go.against each other.
This contacting engagement of the no-go shoulders allow a
teleséoping expansion joint to be extended and a washpipe
release mechanism to be activated. The washpipe is then
set down until the seal system disposed about the lower
end thereof engages a seal bore in the sump packer. A
ratchet profile at the upper end of the washpipe engages
a corresponding profile on the internal circumference of
the production string.

Once the washpipe is latched into the ratchet
profile, an annular space is formed in the production
tubing between the preperforated screen base pipe and the
exterior of the washpipe. Thié annular space is
sealingly isolated from the production tubing by the seal
assemblies disposed about the washpipe so that £luids
which might be produced from the pay zone adjacent the
washpipe are prevented from entering the production
string at that point.

When it is desired to place the isolated zone on
production, a tubing perforator, such as a jet perforator
which is commonly known.in the art is lowered into the

bore of the washpipe to a location adjacent previously
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formed perforations in the casing and the washpipe is
perforated. In an alternative method, one or more sleeve
valves, not shown, can be inserted into the washpipe.
The sleeve valves can be opened or closed using wireline
methods well known in the art as an alternative to
perforating the washpipe as aforesaid. This perforation
of the washpipe or opening of the sleeve valves places
the previously isolated zone on production.

In an alternative embodiment of the invention,
additional pay zones within the same wellbore may be
simiiarly isolated at the time the well is initially
completed by stacking one isolation washpipe assembly on
top of another with an intervening well packer having a
seal bore extension in its throat between each washpipe.
Once the stacked washpipe assemblies are in place, the
washpipe can be perforated as aforesaid, and, once a zone
has been depleted, the sleeve valve in the washpipe or
the washpipe itself can be plugged at the next shallower
packer. The pipe can then beiﬁerforated adjacent the
next shallower zone or a sleeve valve opened to bring
that zone on production.

Embodiments of the invention will be described
in moreldetail, by way of example, with reference to the
accompanying drawings, in which:

Fig. 1 is a view, partially in section and
partially in elevation of a prior art zonal isolation
completion;

Figs. 2A through 2S are views, partially in
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section and partially in elevation of a well completion
which employs the invention;

Figs. 3A and 3B are views, partially in section
and partially in elevation of the latch assembly of this
first embodiment in the unlatched position;

Figs. 4A and 4B are views, partially in section
and partially in elevation of an altermative embodiment
of the invention for multi-zonal isolation completions;
and

Fig. 5 1is a cross-section of the device taken

along line 5-5’ in Fig. 3B.

In the description which follows, like parts are

marked throughout the specification and drawings with the
same reference numerals, respectively. The drawings are
not necessarily to scale and the proportions of certain
parts may have been exaggerated to better illustrate the
details and features of the invention. As used herein,
ngn reférs to a well filtration device, such as a well
screen as is commonly known iﬁ'the art, and "T" refers to
a threaded union.

It is to be understood that although the
invention is presented in the context of a gravel pack
system and gravel packing a well, it is not necessary
that a gravel pack job be performed. Likewise, it is
also intended that other well stimulation tools could be
substituted for the gravel pack tools shown, and, again

it is not necessary that any such stimulation job be

performed. o
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Referring now to Figs. 2A through 2S, a gravel
pack system is shown from the top down in the run-in
position. It is to be understood that, although the
apparatus is shown vertically in the drawings, it may
also be run in deviated or horizontal wells.

In Figs. 2A and 2B, a hydraulic packer setting
tool 10, described below, is shown shearably attached to
a hydraulically set packer 20, such as the Versa-Trieve®
packer sold by Otis Engineering Corporation, Dallas,
Texas and shown in US Patent 5,103,902, by shear screws
12. Of course, one skilled in the art will recognise
that any suitable well packer may be employed in this
application without regard to the means or method
employed to set the packer, which, by way of example and
not by means of limitation, may include mechanical,
hydraulic or electric line actuated setting devices.

The hydraulically set packer 20 is comprised of
a strengthened tubular inner mandrel 22 which defines the
outer boundary of longitudinai backer bore 24. The
longitudinal packer bore 24 is in flow registration with
the production string above and below the packer
cooperating therewith to establish a flow passage for
produced fluids from the producing formation to the
surface.

Concentrically disposed about the exterior of
the inner mandrel 22 is an outer packer mandrel 26 which
is adapted to carry a sealing element package 28, which

is comprised of one or more elastomeric sealing elements,

This Sheet Has Been Replaced

[]

AT




-3

-y

10

15

20

25

11
and a slip carrier assembly 30.

The outer packer mandrel 26 is threadedly
attached at threaded union T to the production string
which consists of several lengths of blank pipe which
comprise production string P. The blank pipe is of
sufficient length to position the well screens S adjacent
the producing zone 3,3’.

Concentrically disposed within the longitudinal

packer bore 24 is a gravel pack service tool 50, such as

that disclosed in US Patent 4,832,129, and concentrically

disposed within the service tool 50 is a ball catcher sub
56, which is commonly known in the art.

Referring now to Figs. 2C through 2F, the ball
catcher sub 56 is comprised of a seal collar 64 which is
threadedly attached at union T to connecting collar 68.
Releasably attached to the seal collar 64 is an
expendable ball seat assembly 62.

An o-ring seal 70 ig_interposed between the
upper sub 68 and a lower sub 64 to prevent fluid leakage
therebetween. The resilient ball seat 62 is slidably
mounted and retained in position within the lower sub 64
by shear pin 72. The resilient ball seat 62 is sealed
against fluid leakage therearound by o-ring seal 74.

Threadedly attached to the lower sub 64 at
threaded union T is blind catcher 76 (Fig. 2G) which
holds the drop ball B after the ball seat has been

expended from the catcher sub as described below.

The gravel pack service tool 50 is an elongate
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tubular structure which is in flow communication with a
tubular work string, not shown, which carries various
completion and gravel pack fluids to the well bore from
the surface. The tubular structure has several ports
52,52’ which can be aligned with a sleeve valve 80 as it
is reciprocated within the longitudinal bore 24 during
the gravel pack process. Threadedly attached at union T
in flow registration with the bore of the gravel pack
service tool 50 is a check valve sub 54 (Fig. 2H) of the
conventional ball-check variety which is positioned to
prevent the flow of fluids down the service tool during
the gravel packing operation and to allow excess fluids
to return to the surface therethrough.

Attached to the check valve sub 54 is a tail
pipe 55 (Fig. 2I) and mounted on the tail pipe is a
collet type shifter 82 which is adapted to move the
sleeve valve 80 between its open and its closed
positions. The resiliency ofﬁthe collet portion 82C of
the shifter 82 allows it to mofe into and out of
engagement with a shifting profile located on the
interior of the sleeve valve 80.

As shown in Figs. 2J and 2K, a telescoping
expansién joint 90 is attached to the tail pipe 55 below
the collet shifter. The telescoping expansion joint 90
comprises an inner tube 92 concentrically disposed and
slidably mounted within an outer tube 94. An upper slide
stop 96 is threadedly attached to said outer tube at

union T and a lower slide stop 98, which is in slidable
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and sealing engagement with the outer tube 94 is
threadedly attached to union T to the opposing end of the
inner tube 92.

An internal slip retainer 100 is threadedly
engaged with the lower slide stop 98 at threaded union T
and cooperates therewith to retain a triangularly shaped
internal slip 102 within an internal slip chamber 104.
The base of the internal slip 102 has a serrated finish
105 which enters into biting engagement with a
éorresponding roughened, or phonograph, finish on the
exterior wall of the inner tube 92 when the inner tube 92
and the outer tube 94 are moved into extended
relationship with respect to each other. The serrations
are pitched with reference to the corresponding
serrations on the internal slip 102 to allow extension of
the tubes relative to each other and to prevent their
retraction. On run in, the inner tube 92 is restrained
in a fully enclosed and retragted relationship with
respect to the outer tube 94 b? a secondary shear screw
106 which is threadedly inserted into a bore 108 in
secondary shear screw carrier 130, described below.

The inner tube 92 has an outer detent 112 and
inner slideway, 112a honed into its outer surface with a
raised intermediate ring 113 therebetween. A set of lugs
114 are retained in the outer detent 112 by a primary
shear screw carrier 110. A primary shear screw 116
protrudes from the screw bore 120 into a screw depression

118 in the internal slip retainer 100.
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The primary shear screw carrier 110 has a
threaded shear screw bore 120 located intermediate a
flexible and resilient snap ring retainer 122 which
extends over the lugs 114 and the first of two radially
inwardly stepped shoulders 124 into which is threadedly
inserted the primary shear screw 116.

External to the first radially inwardly stepped
shoulder 124 and remotely placed from it is a second
radially inwardly stepped shoulder 126. The space
between the first shoulder 124 and the second shoulder
126 forms a prop which an outer snap ring 128 is located.

The outer snap ring 128 is retained on the prop
by the secondary shear screw carrier 130 which has a
threaded bore 132 holding the secondary shear screw 106
protrudes from the bore into a corresponding shear pin
bore 108 in the primary shear screw carrier 110.

The outer tube 94 and the assemblies depending
therefrom are retained in proper alignment about the
inner tube 92 by a collar 134 ﬁhreadedly attached
thereto.

Referring now to Fig. 2L, the inner tube 92 of
the expansion joint 90 is threadedly attached to a Ratch-
Latch® running tool 140 by means of threaded collar C.
Ratch-Latch® assemblies are available from Otis
Engineering Corporation, Dallas, Texas.

The running tool 140 includes a tubular mandrel
141 which is used to locate and lock a Ratch-Latch®

locking mechanism, discussed below, in a corresponding
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profile which is machined into the inner wall of a sub
which forms part of the production string P.

The running tool 140 is shearably attached to
the upper end of a létching assembly 142 by shear screws
144,146 which are threadedly inserted into a running tool
latch assembly 148 and into the latching assembly 142,
respectively. The shear screws 144,146 are matched so
that the same amount of tension applied to the assembly
will cause both screws to shear under approximately the
samé applied force. The shear screws 144,146 protrude
into detents 144a,146a, respectively in the running tool
140.

The running tool latch assembly 148 has an
enlarged nose piece 150 into which the shear screw 144 is
threaded and an elongated thin tail piece 152. At the
end of the tail piece 152 which is remote from the nose
piece 150 is a radially inwardly stepped shoulder 154
which forms a prop on which a .snap ring 156 is
positioned. |

Threadedly attached to the top of the latching
assembly 142 at union T is a snap ring retainer 158 which
has a groove 158a milled into its inner surface which is
sized to mate with the outer surface of the hollow snap
ring 156. The running tool 140 is sealed to the latch
mandrel 142 by o-ring seals 149. Internal threads 142T
are formed on the latch mandrel 142 for engaging a
retrieving tool (not shown) so that the washpipe may be

retrieved.
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Referring now to Figs. 2L and 2M, the safety
joint 164 is threadedly attached at its upper end to the
production tubing P at threaded joint T and forms a part
of the production tubing. The safety joint 164 is
threadedly attached at its lower end by threaded union T
to a ratch latch profile sub 190, discussed below. The
safety joint 164 also has an internal portion 166 which
is slidably and sealingly positioned within the bore of
the external portion 162 and secured in place by a shear
screw 168. The shear screw 168 in the safety joint 164
is rated at a much higher parting strength than any of
the other shear screws in the completion. The safety
joint 164 functions as an emergency means to remove
production equipment from the hole and is not intended to
be separated during the life of the well, except under
extraordinary circumstances.

Referring now to Fig. 2M, the latching assembly
142 is threadedly connected to a washpipe 180 at threaded
union T and has a plurality of.flexible collet latches
170 depending therefrom.

The collet latches 170 comprise a plurality of
resilient, flexible collet arms 172 fixedly attached to
the latching assembly 142. At the end of each collet arm
172 which is remote from the latching assembly 142 is a
plurality of sawteeth 176 formed on an enlarged portion
of the collet arm 172. Each sawtooth 176 is angled on
the side remote from the latching assembly 142 and

radially stepped outwardly on the side nearest the
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latching assembly 142. The sawteeth are pitched so as to
mate with a corresponding profile 174 formed on the
inside of the female ratch latch assembly, described
below. The angular shape of the sawteeth 176, coupled

with the resiliency of the collet arm 172 allows the

. collet latch 170 to cam over the corresponding profile of

the female ratch latch assembly, while the angular shape
of the sawteeth 176 prevents the assembly from coming
unlatched as a result of a straight pull on the work
striﬁg.

A resilient seal assembly 182,182a is mounted on
the washpipe 180 and retained in place by a seal retainer
184 which is threadedly attached to the washpipe 180 at
union T.

The Ratch-Latch® profile sub 190, which forms an
integral part of the production tubing P has milled
within its flow bore 192 a series of helical threads 194
which have the same pitch as phe sawtooth 174 of the
collet latch 170 which comprisés part of the ratch latch
latching assembly 140. In addition to the same pitch as
the sawteeth 174, the profile also exhibits angled and
stepped portions which match the angled and stepped
portions respectively, of the latching profile on the
collet latch 170.

With this aggregation of parts, it is therefore
possible to push the latching assembly 142 into

engagement with the helical threads 194 thereby causing

the camming surfaces to slide over one another. However,

This Sheet Has Been Replaced

[T




o)

10

i5

20

25

18
it is necessary to rotate the latching assembly 140
relative to the profile sub 190 to release one from the
other.

Referring now to Figs. 2N through 2Q, the lower
end of the ratch latch profile sub 190 is threadedly
connected by threaded collar C to a series of well
screens S and at least one seal bore sub 200, described
below, which run through the well bore for substantially
the entire length of the producing zone(s) 3,3’.

The seal bore sub 200 is attached to the
production string P intermediate sections of well screen
S by threaded coupling C and has a radially inwardly
sloping shoulder 202 which reduces the diameter of the
flow bore 204 which passes therethrough to substantially
that of the external diameter of the washpipe 180.

Within the reduced diameter bore portion are located
several seals, 206a,206b and 206c which form a £fluid
tight bond with the washpipe 180 as described below.

Referring now to Fié.IZQ, a lower seal sub 210
is threadedly attached at union T to the lower end of the
washpipe 180. At the lower end of the lower seal sub 210
are placed resilient seals 212,212a which are retained in
place on the lower seal sub 210 by a muleshoe 214 which
is threadedly attached to the seal sub 210 at union T.

Threadedly attached at union T to the bottom end
of the lowermost screen is a muleshoe guide 220 which
cooperates with the muleshoe 214 to guide the washpipe

180 into the bore of a bottom hole, or sump, packer. The
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lower end of the muleshoe guide 220 is threadedly
attached to a straight slot guide 230 which is positioned
by lugs 231 within the bore of the sump packer 225,
described below.

The sump packer 225 can be any permanent or
retrievable packer which is capable of being set
preferably by wire line or by any other means. The
particular model of packer shown in Figs. 2R through 28
is a Model AWD Perma-Series® packer sold by Otis
Engineéring Corporation and shown on page 32 of Otis
Catalogue No. OEC 5516. The Model AWD packer is an
electric line set packer with a set of upper slips 232
and a set of lower slips 234 which are located on either
side of a resilient sealing element package 236.

The lower end of the straight slot guide is
threadedly attached at union T to a molded seal unit 238
which is in turn threadedly attached at union T to an
indicating collet sub 242.

The molded seal unié 238 has resilient seals 240
positioned about the external circumference thereof. The
molded seals 240 are retained in position on the seal
unit 238 by the upper end of the indicating collet sub
242,

The inner mandrel 244 is threadedly attached to
an indicating bottom end 245 which has a raised ring 246
formed on its inner bore which forms detents on either
side thereof. When the seal unit 238 is run in the hole

on the end of the production string P, a muleshoe guide
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248 on its lower end guides the seal unit 238 into the
bore of the sump packer. When the collet 250 of the
indicating collet sub 242 contacts the raised ring 246 of
the indicating bottom end 245, the operator will see an
increase in set down weight followed by a sudden decrease
as an indication that the production string has landed in
the sump packer. |

In the use of the apparatus described above, the
sump packer 225, which may be of any convenient design,
is first run into the well on electric line or by any
other convenient means and set in place in an appropriate
fashion.

The remainder of the assembly described above is
assembled at the surface and run into the well until the
weight change described above indicates that the assembly
has been landed in the sump packer as described above.

After the assembly has been landed in the sump
packer 225, the upper packer 20, shown herein as an
hydraulically operated packer,'but intended to include
any packer suitable for packing off a well bore in
addition to providing means to hang production tubing
therefrom, is set by dropping ball B into the bore
thereof and pumping fluid down the well so as to bring
the ball into sealing engagement with the ball seat 70
thereby diverting the fluid through flow port 13 into
chamber 14 of the hydraulic setting tool 10.

Continued application of pressure forces piston

16 downwardly into engagement with a setting arm 18. The
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setting force is directed down the outer packer mandrel
26 to the torque transfer lug 27 (Fig. 2D). The torque
transfer lug 27 redirects the setting force upwardly
forcing the slip expanders 32,32a under the slip assembly
30 so that the slips 30 are brought into biting
engagement with the casing 5. The torque transfer lug 27
is longitudinally movable through a slot 300 formed in
the packer mandrel 26, with its travel being limited by
the shoulders 302,304.

| Once the slips 30 are set, the continued
application of fluid power to the setting mechanisms of
the packer moves the seal expander 29 against the seal
element package 28. The sealing element package 28 is
compressed longitudinally between the seal expander 29
and the seal retainer 29a thereby causing the sealing
element package to expand radially. The radially
expanded sealing element package 28 thus seals off the
well bore effectively isolating the bore above the packer
from the well bore below the pécker. After the packer
has been set, the pressure of the fluid being introduced
into the well bore is increased to shear pin 72 and expel
the drop ball B and the expendable ball seat assembly
into the blind catcher 76.

Thereafter the well can be gravel packed or
other chemical treatment can be applied to the well bore
utilizing the gravel pack service tool 50 and the sleeve
valve 50 and the sleeve valve 80 in a manner well known

in the art.
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Once the well has been successfully gravel
packed or otherwise treated, the gravel pack service tool
50, or the appropriate stimulation tool, together with
the tail pipe 55 is pulled upward towards the surface
thereby bringing the collet shifter 82 into engagement
with a profile, not shown, on the inside of the sleeve
valve 80. Because the collet shifter 82 is somewhat
resilient it is able to flex inwardly to engage and
disengage the profile. Continued upward pull closes the
sieeve valve and then disengages the shifter from it.

Once the collet shifter 82 is disengaged from
the profile, the operator at the surface continues to
pull the inner assembly upward until outer snap ring 128
of the telescoping expansion joint 90 which functions as
a first latching means comes into contact with a
thickened portion of the production string assembly 58,
shown in Fig. 2E.

Continued upward pu};.on the inner assembly
applies longitudinal pressure 6n the secondary shear
screw carrier 130, thereby shearing screw 106. Once the
shear screw 106 has sheared, the secondary shear screw
carrier 130 is pushed by the outer snap ring 128
longitudinally downwardly until the snap ring drops off
the radially inwardly stepped shoulder 126.

However, prior to the snap ring 128 dropping off
the shoulder 126 as aforesaid, continued upward pull also
enables a second latching means retainer, namely the snap

ring retainer 122, to flex. As the snap ring retainer
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122 flexes radially outwardly, a second latching means,
namely the lugs 114, moves over the raised intermediate
ring 113. This movement over the ring frees the outer
tube 94 to telescope longitudinally with reference to the
inner tube 92. The outer surface of the inner tube 92 is
finished with a serrated, or "phonograph" finish so that
the serrated edge 103 of the internal slip 104 enters
into biting engagement therewith. This biting engagement
prevents the longitudinal retraction of the inner tube 92
into the outer tube 94 once the tubes have been
longitudinally extended with reference to each other.

Once the nested tubes of the tubular expansion
joiﬁt 90 have fully extended, this fact will be
communicated to the operatdr at the surface by an
apparent increase in weight on the weight indicator, not
shown, which is attached to the hoist on the surface.

Referring now to Fig. 3B, once the operator has
determined that the expansioq,joint 90 has fully
extended, he then lowers the aésembly until the sawteeth
174 of the ratch latch latching assembly 142 cam into
engagement with the helical threads 194 of the ratch
latch profile sub 190. However, prior to the threads
becoming engaged in the profile, the sawteeth 174 first
slide downward and ride up radially outwardly sloped
shoulder 178 and engage radially stepped shoulder 179.
The engagement of the sawteeth 174 with the radially
stepped shoulder 179 both prevents any further

independent movement of the sawteeth 174 relative to the
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latching assembly 142 and props the sawteeth 174 radially
outwardly to enable engagement of the sawteeth 174 with
the mating teeth in the profile 194.

This downward movement of the assembly also
places the seals of the resilient seal assembly 182,182a
into sealing engagement with the smooth polished bore
portion 196 of the ratch latch profile sub 190.

Likewise, the resilient seals 212,212a are placed into
sealing engagement with a polished bore 239 of the molded
seél unit 238.

With the upper seals 182,182a in sealing
engagement with the ratch latch profile sub 190, the
lower seals 212,212a in sealing engagement with the
polished bore 239 of the molded seal unit in the sump
packer 225, and the central portion of the washpipe 180,
which forms a portion of the production tubing string P,
in sealing engagement with the o-ring seals 206a,206b and
206c of the seal bore sub 200f_the flow bore of the
production tubing P is effectifely sealingly isolated
from the well bore.

Further downward pressure shears shear screw 144
thereby allowing the nose piece 150 to slide
longitudinally relative to the running tool 140 thereby
removing the prop from beneath the snap ring 156. With
the snap ring released, the running tool is free to be
pulled from the hole while leaving the washpipe 180
firmly latched to the production tubing P.

Referring now to Fig. 3A, the running tool 140
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is then detached from the ratch latch latching assembly
142 by an upward pull on the assembly which shears screw
146. Thereafter, the hydraulic setting tool 10, the
gravel pack service tool 50, together with the ball
catcher sub 56 contained within the bore thereof, the
telescoping expansion joint 90, and the tail pipe 55 are
pulled from the well bore as é unit.

The production string including the sump packer
225, well screens S, production tubing P, ratch latch
profile suﬁ 190, seal bore sub 200, sleeve valve 80, and
the hydraulic upper wellbore packer 20, together with the
latched - in and sealed washpipe 180 are left in the well
and form a part of thelproduction string P.

When it is desired to place the isolated
production zone on production, a perforating device, such
as a jet perforator, or any such device which is well
known in the art is lowered into the well bore until it
is located in the washpipe 189,. Once the perforator is
in place, the pipe is perforatéd thereby establishing
flow communication between the production zone and the
surface, and the well is placed on production.

Alternatively, the washpipe 80 could have sleeve valves,

. not shown, threadedly inserted at points along its length

as aforesaid. The location of the sleeve valves in the
washpipe would necessarily be selected to position the
sleeve valves adjacent producing formations when the
washpipe is seated and sealed in place as described

herein.
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Referring now to Figs. 4A and 4B, in an
alternative embodiment, a sump packer 225 is placed and
set in the well casing 5 below the lowest production zone
of interest, the well casing 5 having been previously
perforated at 6,6’ adjacent the various production zones
of interest. A first hydraulic packer 20 having a Ratch-
Latch® profile and a polished seal bore positioned within
the packer’s longitudinal bore is run in the well,
together with a first length of production tubing P, a
first-set of well screens S and a first sleeve valve 80
as aforesaid. The first packer 20 is set so as to place
the first well screens S adjacent the lowest producing
zone of interest. The lowest production zone then the
gravel packed in any one of a number of manners well
known in the art.

Once the gravel pack is completed, a washpipe,
not shown is sealed in the bore of the sump packer 225 as
described above.

_ Thereafter a second sét of screens S’, a second
length of production tubing P’, a second sleeve valve 80’
and a second hydraulic packér 20’ are run in the hole so
that the lower end of the second set of well screens S’
is landed and sealed in the bore of the first hydraulic
packer 20. It will be understood by one skilled in the
art that there may be a length of blank pipe of variable
length threadedly inserted between the lower end of the
second well screen S’ ‘and the first hydraulic packer 20

so that the second screen S’ is positioned adjacent the
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production zone of interest in the general vicinity of
the second perforations 6’.
| Again the well is gravel packed and a second
washpipe is landed and sealed as aforesaid so as to
isolate the second producing zone from communication with
the surface.

It will be understood by one skilled in the art
that any number of sets of screens, production tubing and
packers can be stacked in the manner described in the
alternative-embodiments gsection of this disclosure. It
is intended and understood that the claims are intended
to cover this alternative embodiment as well as a single
zone completion.

The operator can then bring each production zone
on line by perforating the washpipe adjacent the zone of
interest in the manner described above.

It will be seen from these examples that the
invention can provide a zonal .isolation washpipe system
which can be reliably released.from the run-in string.
The washpipe can also simply and reliably seal within a
production string.

The system as déscribed does not inhibit the
ability to gravel pack or chemically treat a well
production zone and it allows the application of fluid
treatmehts to a well bore in a single tubing run. A
further feature of the described system is that it can be
run in the initial completion pipe trip. Moreover it can

also be utilized in deviated and horizontal well bores.
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CLAIMS

1. Apparatus for isolating a production interval in
a production well of the type including a tubing string
and a packer having a tubular mandrel and flow bore
coupled in communication with the tubing string,
comprising:
| a washpipe disposed within the tubing string and

adap;ed for sealing engagement within the flow bore of
the packer mandrel;

an expandable travel joint coupled to the
washpipe for extending the length of the washpipe, the
travel joint having first and second latching means for
retaining the travel joint in a contracted position and
in an expanded position, respectively;

the tubing string and the washpipe being
provided with latch receptacle means and a latch member
for connecting them together by mating said latch member
in a positively latched union with the latch receptacle

means.

2. Wellbore isolation apparatus as defined in claim
1, wherein:

the latch receptacle means comprises a tubular
latch receptacle coupled to the tubing string, the
tubular latch receptacle having an internal latch surface
for engaging the latch member; and,

the latch member including a collet coupled to
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the washpipe, the collet having deflectable arms adapted
for insertion into the latch receptacle, each deflectable

arm including a radially projecting latching member.

3. Wellbore isolation apparatus as defined in claim
2, wherein the internal latch surface is intersected by
helical threads and each radially projecting latching
member includes a saw tooth coupling member adapted for
ratchet engagement with the helical threads on the latch

receptacle.

4. Wellbore isolation apparatus as defined in claim
1 or claim 2, wherein:

the latch receptacle means comprises mateable
coarse threads having camming surfaces thereon so as to
be ratchetable in one direction with respect to the
radially deflectable latching members and pitched in
relation to the latching members to allow rotational

unlatching thereof.

5. Wellbore isolation apparatus as defined in any
one of claims 1 to 4, including a running tool threadedly
attached to a work string, wherein the washpipe latch
member is attached to the running tool by shearably

detachable means.

6. Wellbore isolation apparatus as defined in claim

5, wherein the shearably detachable means comprlses

U O il
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a retainer collar disposed on the latch member;

a latch member retainer propped radially
outwardly into engagement with the retainer collar;

a first shearable means;

5 propping means shearably retained under the

latch member and longitudinally slidable from engagement
therewith; and,

a second shearable means.

10 7. Wellbore isolation apparatué as defined in any
one of claims 1 to 6, wherein the travel joint comprises:
a first tubular member having a longitudinal
bore;
a second tubular member disposed for extension
15 and retraction movement within the longitudinal bore of
the first tubular member;
means attached to the first tubular member and
to the second tubular member for opposing withdrawal of
the second tubular member froﬁnthe bore of the first
20 tubular member; and,
means coupled to the first and second tubular
members for retaining the second tubular member in an

extended position relative to the first tubular member.

25 8. Wellbore isolation apparatus as defined in claim
7, wherein the withdrawal opposing means comprises:
detent means formed in the washpipe;

a lug carrier mounted on the washpipe;

R ) R
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a locking lug coupled to the lug carrier and
propped radially outwardly by the detent means; and
a first retaining means shearably attached to
the lug carrier and disposed in radially inwardly

5 propping engagement with the locking lug.

9. Wellbore isolation apparatus as defined in claim
8, wherein the withdrawal opposing means comprises:

an indicator ring positioned on and

10 longitudinally movable over the first retaining means;

and,

a second retaining means shearably attached to
the first retaining means and positioned to oppose
retraction movement of the indicator ring relative to the

15 first retaining means.

10. Wellbore isolation apparatus as defined in any
one of claims 7 to 9, the extended position retaining
means including a ratchet slib.slidably mounted on said
20 washpipe and movably coupled to said lug carrier, and
said ratchet slip having tooth portions oriented to
permit only one-way movement of the ratchet slip relative

to the washpipe.

25 11. Wellbore isolation apparatus as defined in any
one of claims 1 to 10, in which the packer has a polished
sealing surface on the flow bore of the packer mandrel,

said apparatus further including: S
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a first seal bore sub connected between the well
bore packer and one section of well production screen;

one or more sections of tubular well production
screen connected in flow registration with each other and

5 connected to and in flow registration with the first seal
bore sub;

a second seal bore sub connected in flow
registration with the lowermost of the production
screens;

10 a first releasable latching ﬁeans incorporated
into the bore of one of the seal bore subs;

a washpipe having first and second end portions;
and,

a first supplemental sealing means disposed on

15 one end of the washpipe, a second supplemental sealing
means disposed on the other end of the washpipe, and a
second releasable latching means disposed on one end of
the washpipe, said supplemental sealing means sealingly
engaging the seal bores and béing releasably latched in

20 sealing engagement with the polished sealing surface of
the packer by cooperative engagement of the first
releasable latching means with the second releasable

latching means.

25 12. Wellbore isolation apparatus as defined in claim
11, wherein the first releasable latching means and the
second releasable latching means comprise coarse threads

which are mateable in engagement with each other.

is Sheet Has Been Repllaced

AT T |WMMW




10

15

20

25

33
13. Wellbore isolation apparatus as defined in claim
12, wherein the coarse threads are biased to permit
ratcheting movement in only one direction with respect to

each other.

14. Wellbore isolation apparatus as defined in claim
12 or claim 13, wherein the coafse threads are pitched
with respect to each other to allow the release of the
latching means by rotating one of the latching means with
respect to the other latching means to unscrew-and

unlatch the latching means.

15. Wellbore isolation apparatus as defined in any
one of claims 11 to 14, wherein one of the latching means
ig resiliently mounted with respect to the other of the

latching means.

16. Wellbore isolation apparatus as defined in any
one of claims 1 to 15, whereiﬁ.the expandable travel
joint includes an inner travel joint tube received for
telescoping movement within an outer travel joint tube,
and further including:

a tubular lock mandrel having a longitudinal
flow bore, a first end portion adapted for connection
with the washpipe and having a second end portion adapted
for attachment to the inner travel joint tube, the lock
mandrel having first and second mandrel support surfaces,

the second mandrel support surface being radlally stepped
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with respect to the first mandrel support surface, and
the first mandrel support surface being intersected by a
detent for receiving a locking lug;
a tubular coupling sleeve mounted for slidable
5 movement on the tubular mandrel, the tubular coupling
sleeve being adapted for attachment to the outer travel
joint tube, said tubular coupling sleeve having a
counterbore defining a pocket for receiving a ratchet
slip; and,
10 a ratchet slip received within éaid pocket, said
ratchet slip having tooth portions oriented to permit
only one-way movement of the ratchet slip relative. to the

lock assembly mandrel.

15 17. Wellbore isolation apparatus as defined in claim
16, further including:

a tubular extension sleeve connected to the
tubular coupling sleeve, the tubular extension sleeve
having a first tubular body péftion adapted for sliding

20 movement along the lock assembly mandrel and having a
second tubular body portion radially spaced from the
locking assembly mandrel by a longitudinal counterbore,
the second tubular portion being intersected by a detent
for receiving a locking lug;

25 a locking lug received within the detent in the
first mandrel support surface;.

a tubular lug carrief sleeve mounted on the

first mandrel support surface; e e e
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a tubular retainer sleeve connected to the
tubular carrier sleeve and mounted on the tubular
extension sleeve in overlapping relation with the locking
lug in said detent; and,
.. shearable means releasably connecting the lug

carrier to the tubular extension sleeve.

18. Wellbore isolation apparatus as defined in claim
17, further including:

a positive indicator shear ring mounted-on the
tubular retainer sleeve;

a retainer collar mounted on the tubular
retainer sleeve for limiting longitudinal movement of the
positive indicator shear ring relative to the tubular
carrier sleeve; and;

shearable means connecting the retainer collar

to the tubular retainer sleeve.

19. Wellbore isolation épparatus as defined in any
one of claims 18 to 20, including:

a running tool mandrel coupled to the lock
mandrel_and having an end portion adapted for releasable
connection to the washpipe;

a latching assembly coupled to the running tool
mandrel including a prop sleeve and a latch mandrel
having a counterbore;

a C-ring disposed within the counterbore of the

latch mandrel, said C-ring being supported in a propped
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position by the prop sleeve; and,
including shearable means releasably connecting
the tubular latch mandrel and prop sleeve to the running

tool mandrel.

20. A method of isolating a production zone and
subsequently placing the isolated zone on production
comprising.the steps of:

running and setting first and second well
packers each having a smooth seal bore thefein above and
below the production zone;

running a production string including at least
one well production screen and having seal bore subs
attached to each end thereof and having a sufficient
number of sections of threadedly interconnected blank
pipe to- space the first packer and the second packer
above and below the production zone threadedly connected
to one end of the well screen, the uppermost of said
sections of blank pipe having.feleasable latching means
attached thereof;

placing a gravel pack assembly including a
crossover service tool and a sleeve valve shifting tool
within the flow bore of the second wellbore packer, the
wellbore packer having a washpipe releasably engaged with
the gravel pack assémbly by shearable means and depending
therefrom, the washpipe having sealing means and
releasable latching means mounted thereon;

simultaneously running the gravel pack assembly,
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the wellbore packer and the washpipe into the hole;

gravel packing the wellbore;

manipulating the gravel pack assembly to seal
the washpipe into said first packer and to latch the

5 washpipe into sealing engagement therewith;

removing the gravel pack assembly from within
the bore of the production string leaving the washpipe in
sealing engagement with said first packer and the second
packer; and,

10 " establishing communication between the flow bore

of the washpipe and the producing zone.

21. The method as defined in claim 20, including the

step of establishing communication between the flow bore
15 of the washpipe and the producing zone by perforating the

washpipe and/or by opening a sleeve valve which has been

installed intermediate the sections of blank washpipe.

22. The method as definéd-in claim 20 or claim 21,
20 including the step of extending the length of the

washpipe by expanding a travel joint coupled between the

washpipe and the work string and securing the travel

joint in the expandéd position.
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