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This invention relates generally to methods and
5 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

10 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

15 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

20 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 USed to isolate the pay
zones from each othef-is usually relatlvely expensive.

25 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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and -apparatus for use in such nethods. In a typical well conpletion it may
be desirable to isolate one pay zone from another so that only one zone is
progucedsat a tinme. Such isolation is typically acconplished by the
pIacenen? of well packers in the well bore on either side of each pay zone.
The sequence of production of nultiple

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

5 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

10 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

15 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

20 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

25 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

i



pay zones which are tapped individually is typically dictated by well and
reservoir conditions. Such conditions may include different fluid | oss
cha;acterlstlcs fromzone to zone, downhole well pressures which differ
from zoné to zone, and differing n1nera|og%c conditions fromzone to zone.
In addition to reservoir and well conditi

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
5 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
10 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
15 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
20 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.
25 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'.
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the. cost of conmpletion is typically an overriding factor because each
packer which is used to isolate the pay zones fromeach other is usually
rel atively expensive. Also, the time it takes to conplete a well is
partially determ ned by the high expense associated with renting drilling
rigs. Therefore any conpletion nethod whidch can reduce the tinme required

to conplete a well provides a ) ,
: 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

5 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

10 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

15 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

20 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

25 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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2 net savings to the producer. Typically, wells in which multiple
production zones intersect the well bore are conpleted fromthe

b3 x

Y 5

5

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

5 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

10 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

15 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

20 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

25 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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bottomup. In a typical conpletion where isolation of pay zones is desired
so that only one zone is produced at a tine, such pay zones are typically
|sqlated from one another by the placenent of well packers within the well
bor'e on'either side of each pay zone. In order to sequentially produce from
di screte zones in such wells, a sunp pack®r is placed in the well

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

5 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

10 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,

15 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

20 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

25 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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bore bel ow t he deepest pay zone. Another packer, which nmay be either a
permanent or a retrievable packer, is placed above the deepest pay zone.
Bet ween the two packers is placed a well filtration device,such as a
screen, slotted liner, perforated pipe or sintered netal tube as is well
known in the art to reduce sand productiorf and such other conpletion

equi pnment as na be
qui p yrun 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
5 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

io 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

15 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

20 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.

25 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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desirable. Hereinafter, "well screen” means any well filtration device

i ntended to inhibit the flow of fines into the production tubing.
Production tubing is stung into the upper packer to convey produced fl uids
to the surface, and the well is produced. Wien the deepest pay zone is
depl eted or otherw se becones unproductlvé the production tubing is

r enoved fronlthe gper acker and,
formed per oratlons 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
5 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,

10 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.

15 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

20 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:

25 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

This Sheet Has Been Replaced

TR




replaced with a plug. Another packer'is run into the well above the next
shal | oner pay zone, a well screen is hung off fromthe packer and the
progucti gn tublng is stung into that packer. The next shall ower zone is
t hen
9
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
5 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

10 ' Fig. 5 is 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

15 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

20 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

25 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.

————
—_—
-—
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3 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 nethod
of produgtion is that it is very costly. The packers enployed in the
process are expensive. In addition, a workover rig nust be noved on site to
renove and repl ace the production 10

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

5 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,

10 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

15 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

20 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.

25 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,
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tubi ng and set new packers each tinme a production zone is depleted, also at

great cost.

An alternative prior art nmethod of sequential zone production

is depicted in Fig. 1. This figures depicts a type of well conpletion well
known in the art commonly called a dual string conpletion allows two
di screte producing zones to be produced beftore the well

10

15

20

25

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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nmust be reworked. In a dual string conpletion, well bore 1, which may be
essentially vertical or deviated fromthe vertical and having a deviation
ranging fromonly a few degrees fromvertical to nmore than [err], wll
normal |y pass through several |ayers of overburden, 2 and 2' which lie
above the shall owest production zone. Thelfel | bor e may al so pass through

one or nore |ayers of non-producing
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
5 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
10 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
15 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
20 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
25 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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material, 2" |ocated between producing zones. Below the |ayers of
overburden 2,2' and between |ayers of non- producing material 2" will be
f ound produ0|ng zones 3,3 which contain well fluids of interest.
Frequentﬁy the well bore 1 will be lined with a tubular casing 5 which is
cemented in place and subsequently punctdred with a plurality of

perforations . ) .
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
5 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
10 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
15 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
20 106 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
25 114 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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7,7a within the producing zones 3,3'. 4 Adj acent producing zones 3,3
are nechanically separated within the casing string 5 by conbi nations of

i T
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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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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

t her et hrough. The dual string well packer 9 will have a well screen S hung
off fromone of its flow bores and a 15

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
5 144,146 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
10 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
15 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. |
20 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
25 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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production string P connecting the other bore of the dual

string packer 9

to the single string packer 8. As wth dual string packer 9, single string
packer 8 also has a well screen S hung off fromit. The well screens S
positioned in well bore 1 so that they are adjacent perforations 7 and

respectively.

10
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25
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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

are
7a,
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In this type of conpletion, well fluids fromupper producing zone 3 are not
commngled with fluids froml|ower producing zone 3' because separate
productij on strings P,P extend fromdual string packer 9 to the earth's
surface. As shown in Fig. 1, the production string Pis connected to the
wel | screen hung off fromsingle stringy{yacker 8, and production string P
'S 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
5 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
10 striﬁg.
A resilient seal assembly 182,182a is mounted on
the washpipe 180 and retained in place by a seal retainer
154 which is threadedly attached to the washpipe 180 at
union T.
15 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
20 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.
25 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,
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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
conmpared to the cost of a single string packer, so that this type of

conpl etion

10
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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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I's not very desirable fromthe economc point of view In addition, in a

dual string conpletion such as that described herein, the | ower zone is
friequently exposed to conpletion fluids for an extended period of tine

whil e the upper- zone is conpleted and the dual packer is run in place.
ext ended exposure to conpletion fluids A8

i0

15

20

25

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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frequently detrinmental to the production capabilities of the |ower zone. As
an alternative to the zonal production nethods descri bed above, an entire
wel | mght be placed on production utilizing a sunp packer bel ow the
deepest pay zone and a second packer above the shall owest pay zone.

However, this non-zonal nmethod of producddon is

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
5 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,
10 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
15 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
20 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
25 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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frequently not desirable because pressure and tenperature characteristics,
as well as other m neralogical factors which may be different fromzone to
zone, may cause reservoir damage. \Wen such reservoir damage occurs, the
over al | producing life of wells in the reservoir can be seriously
di m ni shed and oil which m ght have been 2mbrnal |y produced if such
reservoir danage did not exi st

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

5 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.

10 | 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

15 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

20 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

25 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. . -

This Sheet Has Been Replaced




will be lost. An additional alternative to zonal production in which well
wor kovers are required to bring each zone on production is the utilization
of washpi,pes whi ch depend from each packer and extend into sealing
engagenent with the next |ower packer. In this enbodi nent, each successive
zone i s brought on production by running 22jet
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
5 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
10 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
15 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
20 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.
25 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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perforator into the washpi pe to the zone of interest and 6 punchi ng
hol es through the washpi pe at that |ocation. The shortcom ng of this prior
art ;net hpd of

23
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
5 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
10 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
15 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
20 174 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
25 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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washpi pe isolation is that such systens require several trips into the hole
w th washpi pes which are stacked upon the next | ower packer to effect a
seal, between the packer and the washpipe to isolate one pay zone from
anot her. The use-of several units to conplete the well in this manner al so
exposes the formation to well conpletion 24uids for a long period of tine
whi ch nmay cause danage
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
5 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
10 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

15 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

20 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

25 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 runnlng tool 140
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to the producing formation. Should such formation damage occur, it w
difficult to achieve a uniformand therefore effective gravel pack, sh
one_be required and could result in reduced production fromthe well.
in prior art (US-A-4944348) one trip washpi pe assenblies, such washpip
are prone to premature rel ease fromthe r2gni ng tool, thereby necessit
a costly fishing job to recover the dropped or |ost washpi pe. The

10

15

20

25

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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drawbacks of the prior art are overcone by an apparatus and nethod as
defined in the anended clains. In a formof zonal isolation washpi pe system
according to the present invention there is provided a seal assenbly
adapted for sealing engagenent with the bore of a well packer disposed
about the external circunferences of one2$nd of a tubul ar washpi pe

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

5 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

10 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

15 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

20 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

25 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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and a rel easabl e connector systemon the other end of the washpi pe which
al so provides neans for retrieval of the washpipe fromthe wellbore
together with a rel easabl e tel escopi ng expansion joint which is resistant
to undesired or premature extension. In one enbodi nent, the isolation
washpi pe system 27
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
5 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

10 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

15 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 zonalfisolation washpipe system
which can be reliably released.from the run-in string.

20 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

25 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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7 is runinto the well bore sinultaneously wi th 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, *ﬂéﬁﬁahﬂ ud )

. IR

CLAIMS

1. Apparatus for isolating a production interval in
a production well of the type including a tubing string
5 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
adapted for sealing engagement within the flow bore of
10 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
15 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

20 means.

2. Wellbore isolation apparatus as defined in claim
1, wherein:
the latch receptacle means comprises a tubular
25 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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I sol ation washpi pe and its running tool is picked up until opposing

shoul ders on the production tubing support ring and on the running tool
no-go agai nst each other. This contacting engagement of the no-go shoul ders
all ow a tel escopi ng expansion joint to be extended and a washpi pe rel ease
mechani smto be activated. The washpipe i29then set down until the seal
system di sposed about the | ower

10

15

20

25

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 i
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end thereof engages a seal bore in the sunp packer. A r.atchet profile at
t he upper end of the washpi pe engages a corresponding profile on the

i nternal circunference of the production string. Once the washpipe is

| atched into the ratchet profile, an annular space is formed in the
production tubing between the preperforat&@ screen base pipe and the

10

15

20

25

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;

propping means shearably retained under the
latch member and longitudinally slidable from engagement
therewith; and,

a second shearable means.

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
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
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.

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;

L
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exterior of the washpipe. This annular space is sealingly isolated fromthe
production tubing by the seal assenblies disposed about the washpipe so
that, fluids which m ght be produced fromthe pay zone adjacent the washpi pe
are prevented fromentering the production string at that point. Wwen it is
desired to place the isolated zone on 31

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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production, a tubing perforator, such as a jet perforator which is comonly
known in the art is lowered into the bore of the washpipe to a | ocation
adj acent | preV|oust formed perforations in the casing and the washpi pe

S
32

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.
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perforated. In an alternative nethod, one or nore sleeve val ves, not shown,
can be inserted into the washpi pe. The sl eeve val ves can be opened or
closed using wireline nmethods well known in the art as an alternative to
perforating the washpipe as aforesaid. This perforation of the washpipe or
openi ng of the sleeve valves places the p?%V|oust | sol ated zone on

pr oducti on. . .
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
10 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
15 is 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

20 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

25 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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In.an alternative enbodi nent of the invention, additional pay zones wthin
the same wel |l bore may be simlarly isolated at the tine the well is
initially conpleted by stacking one isolation washpipe assenbly on top of
another with an intervening well packer having a seal bore extension in its
t hroat between each washpi pe. Once the st3fked washpi pe assenblies are in

pl ace, the ,
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

e This Sheet Has Been Rep

W ' il i



washpi pe can be perforated as aforesaid, and, once a zone has been

depl et ed,

the sl eeve valve in the washpi pe or the washpipe itself can be

plugged at the next shallower packer. The pipe can then be perforated
adj acent the next shallower zone or a sleeve valve opened to bring that
zone on production. Enbodiments of the im®&ntion will be described

10

i5

20

25
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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

is Sheet Has Been Reilaced

| |I|I|I IIII il




in nmore detail, by way of exanple, with reference to the acconpanying
~drawings, in which: Fig. 1is a view, partially in section and partially in
el evation of a prior art zonal isolation conpletion; Figs. 2A through 2S

are views, partially in
36

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
10 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
15 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
20 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
. 25 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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9 section and partially in elevation of a well conpletion which enploys the
i nvention; Figs. 3A and 3B are views, partially in section and partially in
rel eyation of the latch assenbly of this

37

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.
25
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first enbodinment in the unlatched position; Figs. 4A and 4B are views,
partially in section and partially in elevation of an alternative

enbadi nent of the invention for nulti-zonal isolation conpletions; and Fig.
5 1is a cross-section of the device taken %I;ong line 5-5'" in Fig. 3B

ISOLATION WASHPIPE FOR EARTH WELI, COMPLETIONS

AND METHOD FOR USE IN GRAVEI, PACKING A WELL

ABSTRACT

5 A zonal isolation washpipe system for isolating
a production zone which intersects a wellbore from
‘communication with the surface comprises a seal assembly
(212) adapted for sealing engagement within the bore of a
well packer (225) disposed about the external

10 circumference of one end of a tubular washﬁipe (180), a
releasable connector system on the other end of the
washpipe which provides means for retrieval of the
washpipe from the wellbore is placed in sealing
engagement by a releasable telescoping expansion joint

15. (90) which is resistant to undesired extension. .To place
the isolated zone on production, a tubing perforator is
lowered into the bore of the washpipe and perforates the
washpipe at a location adjacent previously formed
perforations in the casing. Aiternatively sleeve valves

26 (80) are included in the system to open the washpipe to
the flow of well fluids. A method for gravel packing a

well using the system is also described.
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In the description which follows, like parts are marked throughout the
specification and drawings with the sane reference nunerals, respectively.
The, drawi ngs 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, "S" refers to a well filtration
device, such as a well '
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screen as is comonly known in 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 systemand gravel packing a well ;" TT 15 not
i necessary that a gravel pack job be performed. Likew se, itTiiSshadt$@s Been Replaced
.intended that other well stinulation tools could be ||II I" III" l I lill
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again it is not necessary
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Referring now to Figs.
the top down in the run-in position.
"the.apparatus is shown.vertically in the draw ngs,
devi ated or
setting tool

hori zont al
10, descri bed bel ow,

wel | s.

In Figs.

2A through 2S, a gravel

It
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a hydraulically set packer 20, such as the [err] packer sold by Qis

Engi neering Corporation, Dallas, Texas and shown in US Patent 5,103,902, by
shears screws 12. O course, one skilled in the art will recognise that any
sui tabl e well packer may be enployed in this application without regard to
t he neans or nethod enployed to set the packer, which, by way of exanple-
and
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not by neans of limtation, may include nechanical, hyd hB@Mmm¢

line actuated setting devices. The hydraulically set pac I sed

.of a:strengthened tubular inner mandrel 22 which defines dary
n

of longitudinal packer bore 24. The |ongitudinal packer bore 24 |s
registration with the production string above and bel ow t he packer
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cooperating therewith to establish a fl ow passage for produced fluids from
the producing f or rpdid Sheet Hes BeheReplacddace. Concentrical |y di sposed about the

exteriar of the inn S an outer packer mandrel 26 which is
adapted to carry a package 28, which is conprised of one or
‘more el astoneric se ements, : '
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and a slip carrier assenbly 30. The outer packer mandrel 26 is threadedly
attached at threaded union T to the production strlng whi ch consi sts of
several | engths of blank pipe which s Sheet Has Been Replaced
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conprise production string P. Fhe-blank—pipe—+s—of sufficient length to

‘position the well screens S adj%ﬁe the _praqduci ng zone 3, 3'.
Concentri-cal |y di sposed within t : ' e5acker bore 24 is a gravel
pack service tool 50, such as tha I I US Patent 4,832,129, and
concentrically disposed within th 50 is a ball catcher sub
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56, which is conmonly known in the art. Referring nowto Figs. 2C through

- 2F, the ball catcher S'nlliksEEetHé?sBé iacslgd of a seal collar 64 which is

t hr eadedty attached at ectl ng collar 68. Releasably attached
to the seal collar 64 | baII seat assenbly 62. An o-ring:;
seal 70 is interposed be en : '
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upper sub 68 and a |lower sub 64 to prevent fluid | eakage t herebetween. The
resilient ball seat 62 is slidably nounted and retained in position within
the 4 ower sub 64 by shear pin 72. The resilient ball seat 62 is sealed
agalnst fluid | eakage therearound by o-ring seal 74. Threadedly attached to
the | ower sub 64 at threaded union T is blind catcher 76 (Fig. 2G which
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tubul ar structure which is in flow comruni cati on wi t h-a—+tubular—work .. ..
string, not shown, which carries various conpletion andl_élgr Evel pack fl uids

to'the wall bore fromthe surface. The tubul ar structur ﬁm eEiFﬂts
ed
edl y

52,582' which can be aligned with a sleeve valve 80 as it
W thin the |ongitudinal bore 24 during the gravel pack p
‘attached at union T
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ISOLATION WASHPIPE FOR EARTH WELL M CBIeT 2. .....

AND METHOD FOR USE IN GRAVEL PACKING A WELL

This.invention relates generall§ to methods and
apparatus for oil and gas:weil completicne, and in
particﬁlar 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 zohe_from ancther so thet 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 productlon of multiple
pay zones which are tapped individually is typlcally

 dictated by well and reservoir conditions. Such
conditions may include different fluid loss
characteristics from zone to zone, downhole well
pressures which differ from zone to zone, and differing
mineralogic cohditions from zcne to zone.

Ih addition to reserﬁoir'and well conditions,
the cost of completion is t?pically an overriding factor
because each packer which is used to isclete the pay
zones from each other 1s usually relatlvely expensive.
Also, the time it takes’ to complete a we11 is partially
determined by the high expense associated with renting
drilling rigs. Therefcre any compietion ﬁethod which can

reduce the time requ:.red to complete a well provides a
This is the replacement sheet
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pi pe 55 (Fig. 21) and nounted on the tail pipe is a collet type shifter 82—

which is adapted to nove the sleeve valve 80 between its open and |t lmﬂ
‘closed pesitions. The resiliency of the collet portion 82C off® a
182 allows it to nove into and out of engagenent with a Shlftln | ' ‘l

ilocated on the interior of the sl eeve val 2 80

net savings to the prcducer.

Typically, wells in which'multiple production
zcnes in;ersect thé well bore are completed from the
bottcm up. In-a typical'completién where“iéolation of
pay zcnes is desired sé that only one zone is produced-at.
a time, such pay zones ars typically isolated from one
ancther by the placement of well packers within_the well

© bor e on elther side of each pay zone.

In order to sequentially produce from di5cfete
zones in such wellé,-a sump paéker.is placed in the well
bere below the deepest pay zone. Another packer, which
may be either a permanent.dr a retrievable packer, is
.placed above the deepest pay zdne. Between the twé
packers is plaéed 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 sénd
production and such other ‘completion equipmeht.as may be
desirable. Hereinafter, "well screen" means any well
filtration device intended to 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
replacad with a plug} Another'packéfriéirun into the
well above the next shallower pay zone, a well screen is
hung off from the packer and the production tubing is

stunglinto that packer. The next shallower zone is then
Thig is the repiacement sheet
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As shown in Figs. 2J and 2K, a tel escoping expansion joint 90 |s attached
to the tail pipe 55 below the collet shifter. The teles
joint 90 conprises an inner tube 92 concentrically dispos 'WJ ﬁm

mounted Within an outer tube 94. An upper slide stop 96
‘attached to said outer tube at union T and a lower slide stop 98,
in slidable

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 produetion
is that it is very costly. The packers employed in the
process are expensive. In addition, a workover rig must
be moved on site to remove and'repiace 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. i.. This figures
depicts a type of well completion well known in the art
commonly called a dual string completioﬁ allows two
discrete producing zones to be produced before the we;l
must be reworked. In a dual string completion, well bore
1, which may be essentially vertical or deviated f?om the
vertical.and having a deviation ranging from only a few
degrees from'verticai to more than.90°, will normally
pass through several layers of o&erburden, 2 and 2’ which
lie ebove the shallowest pfoduction zone. The wellfbore'
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’
whlch contain well fluids of interest.

Frequently the well bore 1 will be lined with a
tubular casing S5 which is eemented in place and
subsequently punctured with a- plurality of perforations

7,7a within the producing zomes 3,3'. 144 is the repiaosment sheet

bate: 1 7 AUG 1396



13 and sealing engagenent with the outer tube 94 is threaqﬁdgy %}tached to
union T to the opposing end of the inner tube 92. I's ect aSBee“RTlaced

WA

Adjacent prdducing zones 3,3’ are mechanically

' _ 4

separated within the casing string 5 by combinations of
single string weli packers 8 and dual string well packers
9. A single étring well packer has provision for one
flow conduit to_pass therethrough, and a dual string
packer has provision for tﬁo flow conduits to pass
therethrough. _ |

The dual string weil_packer 9 will have a well
screen S hung off from one of its flow bores and a

. production string P'cohnécting the other bore of the dual
string packer 9 to the single strihg 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 aré pdsitioned in well bore 1
so that they are adjacent perforations 7 and 7a,
respectively.. .

In'this type 6f completion, well fluids from
upper producing zone 3 are not commingled with fluids
from lower producing zone 3’ because separaté production
strings P,P’ extend from dual string packer 9 to the
earth’s surface. As shown in Fig. 1, the productioﬁ
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, suchlas_that'shown
in Fig. 1 are‘very.expensi§e when éompared to thé cost of
a éingle string packer, so that this type of completion

This is the replacement sheet
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An internal slip retainer 100 is threadedly engaged wit hthe tower stide —
stop 98 at threaded union T and cooperates therewi th to r@ladd @as Been Repl
‘triangul arly shaped internal slip 102 within an internal s Ed
‘The base of the internal slip 102 has a serrated finish [e Wlm
'into biting engagenent with a correspondigg roughened, or ;
|finish on the :

is not Veryldesirable from the economic point of view.

In addition, in a dual string completion such as that
described herein, the lower zone is frequently ekposed'te
completion fluids for an extended period &f 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

l-methods described above, an entire.well might be piaced
on production utilizing a sump packer below the deepest
pay zone and e second éacker abeve the shallowest pay
zone. However, this non-zonal method of production is
frequently not desirable because pressure and temperature
characteristice, as well as other mineralogical factors
which may be diffe:ent_from zone to zone, may cause

~reservoir damage. When such :eservoir damage occurs, the
overall preducing life of wells in the reservoir can be’
seriously diminished and oil which 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 Waehpipes Whieh depend
from each packer and extend into sealing engagement with
the next lower packer. In this embodiment,-eech'
successive zone ie brought on production by running a jet

perforator into the washpipe to the zone of interest and
' This is the replacement sheet

12 AUG 1936

Daeats:



exterior wall of the inner tube 92 when the inner tube 92 and the outer
tube 94 aré noved into extended rel ationship with respect to each other.

' The serrations are pitched with reference to the correspondi ng serrations
on the internal slip 102 to.allow extension of the tubes relative to each
other and to prevent their retraction. 'O% run in, the inner tube 92 is
‘restrained ' :

- punching holes through the washpipe at that,locatioﬁ.

The shortcoming of this priof art methcd 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 enothef.
The use of several units to complete the well in this
manner also exposes the formetion to well completion

- fluids for a long period of cime-which may cause damage
to the producing formation. Should such formation demage
occﬁr, it will be difficult_to achieve a uniform and |
therefore effective gravel peck, should oﬁe be required
and could result in reduced production from the well.

Aiso, in prior art one trip washpipe assemblies,
such washpipes are pfcne 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 present invention there is
provided a seal eesembly adapted for sealing engagement
with the bore of a well packer disposed about the |
external circumferences of one end of a tubular washpipe |
and a releasable ccnnectcr system on the other end of the
washpipe which also provides.means for retrieval of the
washpipe from the wellbore together with a releasable
telesccping expansion joint which is resistant to -

undesired or premature extension.

In one embodiment, the isolation washpipe system
' - Thia is the replacement sheet.
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inafully enclosed and retracted relationship with respect to the outer

tube 94 by a secondary shear screw 106 which is threadedTmSm@aemggahR

bore 108 in secondary shear screw carrier.130, described
tube 92 has an outer detent 112 and inner slideway, 112a !HE
outer surface with a raised internmediate King 113 therebe

| ugs

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
isolétion wéshpipe and its running tool is picked up
until opposing.shoulders on the broduction tubing support
ring.and on the rﬁnning Eool_no-go against each other.
This contacting engagement of the no-go shoulders allow a
telescoping expansion joint to be extended and a washpipe
release mechanism to be aétivafed. -The washpipe is then
éet down until the seal gystem 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 ratqhét
profile, an annular space'ié formed in the production
tubing_between~the preperforated screen base pipe and the
exterior of the washpipe. This annular space is
sealingly isolated from the prdduction tubing by the seal.
assemblies disposed'about the washpipe so that fluids

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

."? hig lg tho. rGDIa0BIem sheet
12 AUG 1935
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114 are retained in the outer detent 112 by a primary shear screw carrier
110. A primary shear screw 116 protrudes fromthe screw bore 120 into a
screw depression 118 in the internal slip retai ner 100.

8

formed perforations in the casing and the washpipe is
perforated. 1In an alternative method, one of more sleeve
valves, noﬁ 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 aforésaid. This perforation
of the washpipe or opening of the sleeve valves places
the previously isolated zone on prodﬁction. .

- In an alternative embodimént-of the invention,
‘additional pay zones wifhin the.same wellbore may be |
similarly isolated at the time the well is initially
completed by stacking one isolation washpipe assembly on
tbp of another with'an'interveniﬁg well packer having a
seal bore extension in its.throat between each washpipe.
Once the stacked washpipe assemblies are in place, .the
washpipe can bé-pérforated as aforesaid, and, once a zone
has been depieted, the sleeve valve in the.washpipg or
the washpipe itself can be plugged at the next shallower
packer. The pipe can then be perforated adjacent-the
next shallower zone or a sleeve valve opened to bring
that zone on production.

Embodiments of the invention will be described
in more detail, by way of example, with referénce_to the
'accompanying drawings, in which:

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

Figs. 2A through-ZS'ére views, partially in

Sheet Has Been Replaced
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14 The primary shear screw carrier 110 has a threaded shear screw bore 120
located internediate a flexible and resilient snap ring retainer 122 which
'extends over the lugs 114 and the first of two radially inwardly stepped
‘shoul ders 124 into which is threadedly insgrted the primary shear screw
116 _
section and partially in elevation of a well completion

which employs the invention;

| Figs. 3A and 3B are vieWs, partially in. section
and paxtially in elevation of the latch assembly of this
first embodiment in the unlatched positiéﬁ;

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

~and |
| Fig. 5 is a cross-seétion of.the dévice taken
- along line 5-5’ in FiQ. 3B. |

In the description which follows, like parts are
marked throughout the specificatién and draﬁings with the
same reference numefals, respectivély. 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,
“S" refers to a well filtratign device, such as a well
screen as is éommonly'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 éf a.gravel;paék
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.
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External to the first radially inwardly stepped shoul der 124 and renotely
placed fromit is a second radially inwardly stepped shoul der 126. The
space between the first shoul der 124 and the second shoul der 126 forns a
. prop which an outer snap ring 128 is |od#ed. The outer snap ring 128 is
retained on the prop by the secondary shear screw carrier 130 which has a
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
aléq be run in deviated or horizontal weiis.
In Figs. 2A and 2B, a hydraulic packer setting
tool lO,'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 Paﬁent 5,103,902, by sheér screws
12. oOf coursé, one skilled in the afrt will recognise
that any Suitable well'packér may be employed in this
application without regafd to the means or method
employed to set the packer, which, b& way of example and
not by means.of limitation, may include mechanical,
hydraulic or electric line actﬁated_setting devices._
- o The hydraulically set packer 20 is comprised of
a strengthened tubular inner mandrel 22 which defines the
outer bounaary of longitudinai bécker bore 24. The
longitudinal Qackef bore 24 is in flow registration with
the produétion string above and below the packer
cooperating therewith to éstablish a flow passage for
produced fluids from the producing formation to the
_surface.
Concentrically disﬁosed about the exterior qf
the inner mandrel 22 is an outer packer mandrel 26 which _
is adépted to carry é sealing element package 28, which

is comprised of one or more elastomeric sealing elements,
-
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t hreaded bore 132 hol ding the secondary shear screw 106 protrudes fromthe
bore into a correspondi ng shear pin bore 108 in the primary shear screw .
carrier 110. The outer tube 94 and the assenblies depending therefromare
retained in proper alignnment about the inner tube 92 by a.collar 134
‘threadedly attached thereto. 11

and a slip carrier assembly 30.

The outer packer-mandrél 26 is threadedly
attached at threaded union T to the production string
which consists of'séveral.lengths of blank pipe which
cdmprise prbduction string P. The blank pipe is of
sufficient length to position the well screens S adjacent-.
the producing zone 3,3’.

Concentrically dispoéed within the longitudinal
packer bore 24 is a gravel pack service tool 50, such as
that disclosed in US Patent 4,832,129, &nd cohcentrically
disposed within the service tool S0 is a ball éatcher sub
56, which is commonly known in the art.

Referring now‘té 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 interpbsed between the
upper sub 68 and a lower sub 64 tb 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 catchef 76 (Fig. 2G) which
holds the drop ball B after the ball seat has been
expeﬁded from_the catcher sub as described below.

————  The gravel pack service tool 50 is an elongate
Sheet Has Been Reﬂlaced
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Referring nowto Fig. 2L, the inner tube 92 of the AYJNESHNBeORMlacRO i S

threadedly attached to a Ratch- [err] running tool threaded
~collar C J[err] assenblies are available fromQis Eimmglmag oration,
Dal | as, Texas. The running tool 140 includes a tubul which is
used to locate and.lock a [err] 12

tubular structure which is in flow communication with a
tubular work string, ﬁot shown, which carries various
completion and gravel pack fluids to the well bore from
the surface. The tubﬁlaf structure has sevéral 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_flbw registratién with.the bore of the gravel.pa¢k
service tool 50 is a check valve sub 54 (Fig. 2H) of the
conventional ball-check vafiety which is positioned to
prevent the flow of.fluids down.the sexrvice 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 of the collet portion 82C of

the shifter 82 allows it to move into and out of
engagement with a shifting profile located on the
interior of the sleeve valve 80. '

As shown in Figs. 23 and 2K, a telescoping
expansion joint 90 ié_attached to the tail pipe 55 below
the collet shifter. The telescoping expansion joint 90
comp?ises‘an iﬁner 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
Thig is the replacement sheet
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| ocki ng mechani sm di scussed below, in a correspondi ng 15 profile which
i's machined into the inner mall of .a sub which fornms part of the production
string P.

13

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 threaaedly
éngaged with thellower slide stop 98 at threaded union T
and éooperates therewith to retain a triangularly shaped
internal slip 102 within an internal slip chamber 104.
The base of the internal slip 102 haé a sérréted'finish
105 which enters into'biﬁing engagement with a |
corresponding roughened, or phonbgraph, finish on the
exterior wall of the innef tube 92 when the inner tube 92
and the outer tube 94 are moved into extended
relationship with respeét Eq 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 ﬁrevent their
retraction. On run in, the inner tube 92 is restrained
"in a fully enclosed ard rétraqted relatiénship with
respect to the outer tube 94 by a secondary shear screw
106 which is threadedly inserted into a bore 108 in
secondary shear screw qarrief 130, described below.

Thé 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 détent 112'by a primary
shgar screw carrier 110. A priﬁary shear screw llé
"protrudes from the screw bdre 120 into a screw depression

118 in the internal slip retainer 100.

Thﬁiﬁthsrepmqmmontshﬂﬂ
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The running tool 140 is shearably attached to the upper end of a.latching
|asserrbly 142 by shear screws 144,146 which are threadedly inserted into a
| runni ng tool latch assenbly 148 and into the |atching assenbly 142,
respectlvely The shear screws 144,146 are ,matched so that the sane anount
of tension applied to the assenbly will calse both screws to shear under

approximately the The primary shear screw carrier 110 has a

threaded sheaf 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
é : inwardly stepped shoulders 124 into which is threadedly
ihsertéd the primary shéar:sc;ew lis.

External to the first radially inwardly stepped

shoulder 124 and remotelylplaced from it is a second
radially inwardly stepped shoulder 126. The space
between the first shoulder 1é4'and the second shoulder
126 forms a prop which an outer snap ring 128 is 1ocatéd.
The outer snap ring 128 is retained on the prop
by the secondary shear screw carrier 130 which has a
threadéd bore 132 holding the secoadary shear screw 106
pfofrudés 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

'lnner tube 92 by a collar 134 threadedly attached

_thereto

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

The running tocl 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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sane applied force. The shear screws 144,146 protrude into detents

1l44a, 146a, respectivelyin the running tool 140. The running tool |atch
assenbly 148 has an enl arged nose piece 150 into which the shear screw 144
is threaded and an el ongated thin tail piece 152. At the end of the tai
pi-ece 152 which is renote fromthe nose 15

‘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 latching assembly 142 by shear screws
144,146 which are threadedly inserted into a running tool
latch assembly 148 and into the latching assémbly 142,
respectively. The shear screws 144,146 are matched so
that the same amouﬁt of tensioﬁ applied to the assembly
will cause both screws to sheaf.under approximately Ehe
same applied force. The shear screws 144,i46 protrude
into detents 144a,146a, respectively in the running tool
140. | _ _ _ .

The'ruﬁning 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. Aﬁ_the
endlof the tail piece 152 which is remotelfrom the nose
piecellso 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 gréove 158a milled into_ité inner surface which is
sized to mate with the outer surface of'the hollow snép
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 engaéing a

retr1ev1ng tool (not shown) so that the washplpe may be _

retrleved '
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piece 150 is a radially inwardly stepped shoul der 154 which fornms a prop on
which a snap ring 156 is positioned. Threadedly attached to the top of the
-l atchi ng- assenbly 142 at union T is a snap ring retainer 158 which has a
.groove 158a mlled into its.inner surfacejﬁpich is sized to mate with the
‘outer surface of the hollow snap

Referring now to Figs. 2L and 2M, the safety
- joint 164 is threadedly attached at ité 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
.té a ratch latch prbfile 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 b? a shear
screw 16§.  The shear screw 158 in the safety joint 164
is rated at a much higher'pérting strength ﬁhan 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 circgmétances.
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. o
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 assembiy 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 agsembly 142 and

radially stepped outwardly on the side nearest the
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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
rengagi ng a retrieving tool (not shown) so that the washpi pe nay be
%retrieved. i7
latching assembly 142.. The.sawteeth are pitched so as to
mate with a corresponding profile 174 formed on the
inside of the feméle ratch latch assembly, described
below. The angular shape of the sawteeth 176, ccupléd
with the resilienéy.of the dollet arm 172 allows the
collet latch 170 to cam over the-corresponding prbfile of
the female ratch latch assembly, while the angular shape
of the sawteeth i76 érevents the assembly from coming
unlatched as a result of a straight pull on the work
stripg. -

A resilient seal assémbly 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 tubihg P has milled
within its flow bore 192 a series of helical threads 194
which have the same pitch as the sawtooth 174 of the
collet latch 170 which comprisés part of the ratch latch
latching assembly 140. In addltlon to the same pitch as

 the ‘sawteeth 174 the profile also exhibits angled and .
stepped portions whlch match the_angled and stepped
portions respectively, of the latching profile on the
collet latch 170.

With this aggfegation'df éarts, it is therefore
possible to push the latching assembly 142 into
engagement with thg helical threads 194 thereby causing'

the camming surfaces to slide over one another. However,
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16 Referring nowto Figs. 2L and 2M the safety j0| %§4 ) thre%ded y
attached at its upper end to the production tubing

and forrms a part of the production tubing. The saf. ety mlﬁﬁﬁil
threadedly attached at its lower end by threaded unio

: ﬁeﬁﬂqeﬁl |

relative to the profile sub 190 to release one from the

it is necessary to rotate the latching assembly 140

other.

Referring now to Figs. 2N through 2Q, the lower
end of the ratch latch profile sﬁb 190 is threadedly
connected by threaded'collar C to a series of well
screens S and at least one seal bofe'sub 200, described
below, which run through_the well bore for substantially
the entire length of the producing Zone(s) 3,37,

| 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.
'slopiﬁg shoulder 202 which reduces the diameter of the
flow bore 204 which paeses 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.;BO'as described below.

Referring now to Fig. 2Q, 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 eub 210
-are placed resilient seals 212,212a which are retained in
place on the lowei 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 washplpe
180 into the bore of a bottom hole, or sump, packer. The

,hsfsrharmﬁﬁaemenisnmr
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to a ratch latch profile sub 190, discussed below. The safety join

/ y.joint 164
al so has an internal portion 166 which is slidably and sgar? oS ¢ o
within the bore of the external portion 162 and secured in 4 I | r
screw 168. The shear screw 168 in the safety joint 164 is 1

hi gher parting strength than any of the other shear screws in the
conpletion. The SaTely 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,
des ribed'below; |

The.sumé packer 225 can be any permanent or
ratrievable packer which is capable of being set
preferably by wire line or by an? other means. The
particular model of packer shown in Figs. 2R through 28
is a Model AWD Perma-Series® packer sold by Otis
Engineering Corporétion 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 sealiﬁg element package 236. |

The lower end of the straight slot guide is
tareadedly attached at ugién T to a molded seal unit 238
which is in:turn thréadedly attached'at ﬁnion T to an
indicating collet sub 242.

The molded seal unit 238 has resilient seéls 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 mandral 244 is threadedly attached to
an indicating bottom exd 245'which has a raised ring 246
formed on its inner kcrs which forms detents on eithef
side thereof. When tz2 seal unit 238 is run in the hole
on the'end'of the procuction string P, almuléshoe guide

Thig 8 the ranisosmen sheet
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joint 164 functions as an energency neans to renove production equi pnent
fromthe hole and is not intended to be separated during the life of the-
wel I, except under extraordinary circunstances. Referring nowto Fig. 2M
t he Iatchlng assenbly 142 is threadedly connected to a washpi pe 180 at
threaded ‘'union T and has a plurality of f0xible collet |atches

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 onerator 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 oacker.

In tne use of the apparatus described above, the
sump packer 225, which may be of any convenient design,
is first run into the'weli'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 upoer 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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170 depending therefrom The collet |latches 170 conprise a plurality of
resilient, flexible collet arms 172 fixedly attached to the | atching
assenbly 142. At . the end of each collet arm 172 which is renote fromthe
l'atching 'assenbly 142 is a plurality of sgameeth 176 formed on an enlarged
portion of the collet arm 172. Each sawtooth 176 is angled on

setting force is directed down the outer packer mandrel
26 to the torQue transfer lug 27 (Fig. 2D)." The torque
tranefer 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 slipe 30 are set, the c0ntinﬁed
application ef 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 29%a thereby'causing the sealing
element package to e#pand radially. The radially
| expanded sealing element package 28 thﬁs seals off the
'well bore effectively isolatipg.the bore above the packer
from the well bore below the pecker. After the packer
has been set, the pressure of the flﬁid being introduced
into the well bore is incfeased'to shear pin 72 and expel
the drop ball'Bland the expendeble.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 serv1ce tool 50 and the sleeve

_valve 50 and the sleeve valve 80 in a manner well known

in the art. -
[
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the side renote fromthe latching assenbly 142 and radially gj &% as d
outwardly on the side nearest the 17 latching assenbly 142. ”ﬁml“n Jace

jare pitched so as to

22
Once the well has been successfully gravel
packed or otherwise treated, the gravel pack service tool
50, or thelappfopriate 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 shiftér 82 is somewhat
resilient it is able to flei inwardly to engége and
disengage the profile. Continued upward pull closes the
sleeve valve and then disengagés the shifter from. it.
Once the collgt shifter 82 is disengaged ffom
the profile, the.operator.at the surface continues to
.pull the inner assembly upward ﬁntil outer snap ring 128
cf the ;elescoping expansionljoint'so which functions as
a first latching means comes inté contact with a
hickaned portion of ﬁhe production string assembly 58,
shown in Fig. 2E.
| Continued upward pull on the inner assembly
applies longitudinal pressure on the secondary shear
.screw carrier 130, thereby shearing screw 106. Once the_'
shear screw 106 has sheared, the secondarylshear 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 PUIl also
enables a second latchiag means rstainer, namely the snap

ring retainexr 122, to flex. As the Snap ring retainer
Th}a |s the replacement shtet
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mate with a corresponding profile 174 formed on the inside 9& he femal e

ratch | atch assenbly, described bel ow. The angul ar shape of Eﬁ‘mﬁﬁﬁeﬂi‘rﬂ

176, coupled with the resiliency of the collet arm 172 allo
weeth 176 prevents the assenbly

| atch 170°to cam over the correspondi ng Qggfile of the fema
assenbly, while the angul ar shape of the

fromcomng 3123 flexes radially cutwardly, a second latching means,

namely the lugs 114, moves over the raised intermediate
ring 113. This mcvement over the ring frees_the'cuter
tube 94 to telescepe longitudinally with reference tc'the
izner tube 92. The cuter surface of ﬁhe inner tuke &2 is
finished with a serratad, or "phonograph" fiﬁish so that
.the serrated.edge 103 of the internal slip 104 enters
into biting engagement therewith. This biting engagement
preventslthe longitudinal retraction of the inner tubke 92
'into the outer tube 94 once the tubes have been
lengitudinally extended wiéh reference to each other.

- Once the nésteé-tubes of the tubular expansioﬁ
jeint 90 have fully.ex:ended; this féct will be

communicated to the crerator at the surface by an

0

Trarsnt incrsase in weight on the weight indicatsr, not
- shown, which is attachad to the hoist on the suxface.
Referring now to Fig. 3B, once the operatar has

determined that the expansion joint 90 has fully

174 of the ratch latch latching assembly 142 cam into
engagement with the helical threads 194 of the ratch
létch profile sub 190. However, prior to the threads
tecoming engaged in the profile, the sawteeth 174 first
slide downward and ride up radially outwardly sléped
shcﬁlder 178 and engage radially étepped'shoulder 179.
The.engagemént of Ehe sawteeth 174 with the radially
stapred shoulder 179 koth prevgnts-any further-

independent movement of the sawteeth 174 relative to the
' This is the replacemsent sheet
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unl atched as a result of a straight pull on the work string. A resilient
seal assenbly 182,182a is nounted on the washpi pe 180 and retained in place
‘by a seal retainer 184 which is threadedly attached to the washpi pe 180 at
Eunio'n T. The [err] profile sub 190, which forms an
' . 24
 -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 6f the éssembly 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 résilient seals 212,212a are placed into
sealing engagement with a polished bore 239 of the molded
seal unit 238. | |

. With the upper seals 182,182a in sealing
engagement with the ratch létch profile sub 190, the
-lower seals 212,212a in éealing engagemént with the
pclished bore 239 of the molded seal unit in the sump
packer 225, and the'centralléortion of the washpipe 180,
which forms a portion of the production tubing string P,
in sealing'engagemént with the o-ring seals 205a,266b and
206c of the seal bore sub 200, the flow bore of the
production tubing P is effectively 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
femoving the prop from beneath the snap ring 156. With
the snap ring released, the rﬁnning tool is free to be
pulled from the hole while leaving the washpipe 180

firmly latched to the gricduction tublna P.

Referring now to Fig. 3A, the running tool 140
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integral part of the production tubing P has mlled within its flow bore
192 a series of helical threads 194 which have the sane pitch as the

. sawmt ooth 174 of the collet latch 170 which conprises part of the ratch
latch latching assenbly 140. In addition to the sane pitch as the saw eeth
174, the profile also exhibits angled and §tepped portions which match the

ang'ed_a“d Stegpggen detached from the ratch latch 1atching assembly
142 by an upward pull on the_assembly which shears screw
146. Thereafter, the hydraulic setting tool.lo, the
gravel pack service tool 50, together with the ball
catcher sub:SS contained within the bore thereof, the
teiescqping expansion jdint.so, and the tail pipe 55 are
pulled from the well bore as a unit. |

The production string including the sump packer
225, wéll scréens S, production tubing P, ratch latch
profile sub 190, seal bore.sub'zoo, sleeve valve 80; and.
the hydraulic upper wellﬁore packer 20, together with the
latched - in and sealed washpipe 180 are left in the well
and form a part of the production string P.

When it is desired to place the isolated
production zone on production, a pefforating device, such
as a jet perforétor, or'any such device which is well
known in the art is lowered into the well bore until it
is located in the washpiﬁe 180. Once the perforator is
in place, the pipe is perforatéd thereby establishing
flow communication between the érodﬁction’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 locatioﬁ of the sleeve valves in the
washpipe would necessarily be selected to position the
sleeve valves adjacent producing formationé?when the

washpipe is seated and sealed in place as described

herein.
' This Sheet Has Been Rer
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portions respectively, of the latching profile on the collet latch 170.
Wth this aggregation of parts, it is therefore possible to push the

| at chi ng assenbly 142 into engagenent with the helical threads 194 thereby
causing the canmi ng surfaces to slide ovegsone anot her. However,

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 6,5' adjacent the various prgduction_zones
of interest. A first hydraulic packér 20 having a Ratch-
Latch® profile and a polished seal bore positioned within
the packer’s longitudinal boré is run in the well,
together with a first length of production tubing P, a
first set of well screens S and a firsf sleeve valve 80
as aforesaid. The first'packer-zo is set so as to piace
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 p;cker 225 as
_described above.

Thereafter a second séﬁ of screens S’, a second
length of production tubing P/, a seéond sleeve valve 80
and a second hydraulic packer_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
Secoﬁd weli screen S’ and the first hydraulic pacﬁef 20

so that the second screen.S’ is positioned adjacent the

Sheet Has Been RTlaced Thig is the t’GpEat}em-em sheet
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it is necessary to rotate the |atching assenbly 140 rel ative to the profite-
sub 190 to rel ease one fromthe other. Referring nowto FID&Sh&E\HisfHeENﬂi

2Q, the |l ower end of the ratch latch profile sub 190 is thrﬁ"mmﬂ”,
: . . . : _—

production zone of interest in the general vicinity of

the second perforations 6’. |

Again the well is graﬁel packed and a second
washpipe is ianded and sealed aslaforesaid_so as to
isolate thé second prcducing zone from communication with
the surf acé . | . |

| It will be understood by one skilled in the art
that any number of éets of séreens, production tﬁbing and
packers can be stacked.in #he manner described in the
alternative embodiments section of this disclosure. .Iﬁ
is intended and understood that the claims are_inténded
to cover this éltérnative embodiment as well as a single
‘zome completion.

| The operator can then bring eéch 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 pfovide a zonal .isolation wéshpipg system
which caﬁ be reliably released from ;he run-in string.
The washpipe can also simply and reliably seal.within a
production string.

The system as described does not inhibit the
ability to.gravel paék or chemically tréat a well
production zone and it allows the appliéation of fluid
treatments to a well bore in a single tubing run. A
further featuie.of the desqribed system is that it can be
run in the initial completicn pipe trip. .Mcrecver'ic can

also be utilized in deviated and horizontal well_bores.

Thig is- ﬂ)lo ée;;\lﬁce?é sheet
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connected by threaded collar Cto a series of well screens S and at | east
one seal bore sub 200, described bel ow, which run through the well bore tor

substantially the entire I ength of the producing zone(s) T&sSheetI-EEIBee‘ﬁ& laced
bore sub 200 is attached to the product|0283tr|ng P |nter mrn,

of well screen S by threaded coupling C a has a radi al

CLAIMS

1. | Apparatus for isolating a production interval_in
a ﬁroduction well of the type including a tubing string
and a packer having a tubular mandrel and'flow bore
eoupled in communication with the tubing string,'
comprlslng
| a washpipe disposed w1th1n the tublng string and
adapted for sealing engagement within the flow bore of
the packer mandrel~

an expandable travel joint coupled to the
'washplpe 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 ﬁhem together by mating said lateh member
in a positively latched union with the latch receptacle

means.

2. ‘Wellbore isoiation apparatus as defined in claim.
1, whefein: | |

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

the latch member ineluding a collet coupled to

| ROER 0D R  Tnisis tne replacement stwet
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sl opi ng shoul der 202 whi ch reduces the dianmeter of the. flow bore 204 which

passes therethrough to substantially that of the external diﬁﬁeﬂga}th&mﬁjimxd

washpi pe 180. Wthin the reduced di aneter bore portion are lO(imnEumgmﬂl
t
su

seal §, 206a, 206b. and 206c which forma fluid tight bond with
180 as described below. Referring nowto #3g. 20, a |ower sea

the washpipe, the collet having deflectable arms

adépted

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

1 or claim 2, wherein:

in claim

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 aﬁparatus 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

detachablé means.

8. : Wellborse iscla:zicn apparatus as defined

in claim

5, wherein the shearably detachable means comprises:

Thig is th# replacement sheet
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is threadedly attached at union T to the |ower end of the wdbi hmd
the lower end of the |ower seal sub 210 are pl aced reS|I|en
which are retained in place on the |ower seal sub 210 by a

which is threadedly attached to the seal $4b 210 at union T. Threa e
attached at union T to the bottomend of the | owernost screen is a nuleshoe

gui de 220 which 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;
propping means shearably retained undef the
latch member and longitudinally slidéble from engégement
therewith; and,

a second shearable means.

7. .Wellbore isolation apparatus as defined in-any
one of claims 1 to §, whérein the travsl joint comprises:

a first tubular member having a longitudinal
bore; |

a second tubular member disposed for extension
and retfaction mo#ement within the longitudinal bore'of
the first tubular member; | |

means Attached to the first tubular member and
to the secpnd.tubular member ﬁOr opposing withdrawal of
thé_second tubular member from the bore’of the first
_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.

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;

Thig is the replacement shioet
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cooperates wth the mul eshoe 214 to guide the washpi pe I8ﬁ“fﬂftrf+ﬁ%4%¥%&4ﬁl

a bottom hol e, or sunp, packer. The | oner end of the nyﬂggﬂ&gi
i's threadedl y attached to a strai ght sl ot guide 230 which |”'m m ”m aced
| ' 31

a locking lug coupled to the lug carrier and
propped radially outwardly by ﬁhe detent means; and
-a first rétaining means shéarably attached to
the lug carrier and dispcsed in radially inwardly

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-
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

first retaining means.

;10. Wellbore isolation apparatus as defined in any
‘one of claims 7 to 9, the extended position retaining
means including a'ratchét slip.slidably mounted on said
washpipe and movably cOupléd ;o said lﬁg carrier, and

said ratchet slip héving tooth-portions oriented to

permit only one—way_movemeht of the ratchet slip relative

to the washpipe;

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

said apparatus further including:

This is the replacement sheet
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by lugs 231 within the bore of the sunp packer 225, describednggﬁgw
sunp packer 225 can be any pernmanent or retrievabl e. packer whl]l

H ee eplaced
of being set preferably by wire line or by any other neans. Th¥ ﬂ"ﬂl ﬂ ﬁ"

nodel of ,packer 'shown in Figs. 2R through 2S is a Mddel AW [e

sold by Qis S 32 -

: 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 precduction
screen connected in flow registration wit@ each other and
connected to and in flow registration with the first seal
bore sub;

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

a first releasable latching means incorporated
'into the bore of one.cf the seal bore subs}

a washpipe haviné first and second eqd portions;
and,

a first supplemegtal sealing meanS'dispcéed 6n
cne end of the washpipe, a secqnd supplemental sealing
means dispesed on the other end of thé washpipe, and a-
second releasable latching .means disposed on one end.of
the washpipe, said suppleméntal sealing means sealingly
engaging the seal bores and being releasably latched in
sealing engagement with the polished sealing surface of
the packer by cooperative engagement of the fifst
releasable latching means with the second releasable

latching means.

12. Wellbore isolation apparatus as defined in claim

[y

1, wherein the first releasable latching means and the
second releasable latching means comprise coarse threads

which are mateable in endagement with'each other.
Thig is the roplacement shoet
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Engi neering Corporation and shown on page 32 of Ois Catal og umMeetﬁsCBeenR laced
5516. The Model AWD packer is an electric line set packer mnth I,"l

upper slips 232 and a set of lower slips 234 which are | ocated Eu IFHm
side of a'resilient sealing el ement packagg 236. The |ower end

‘straight slot guide is threadedly attached at union T to a nol ded seal unit
238 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 coarse threads are pitched
with respect to each other to allow the release of the
latching'meaﬁs by rotating one of the latching means with
.respect to the other-latching méans 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
is resiliently mounted with respect to the other of the

‘latching means.

16. .Wellbore isolation éppa;atus as’definéd in any
one of claims 1 to 15, whereih the expandable tra&el
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 porﬁion adapted for connection
with the washpipe and having a second end portion adapté@
for attachment to the inner travel joint tube, the lock

| mandrel having first and second mandrel support-surfacés,

the second mandrel support surface being radially stepped

Thig is tha replacement sheet
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which is in turn threadedly attached at union T to an i ndicat EhemeR hmﬂ
242. The nol ded seal unit 238 has resilient seals 240 p05|t|on n"mnﬁ -

external circunference thereof. The nolded seals 240 are retal
position on the seal unit 238 by the upperg end of the indicati
242.

| 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 mounﬁed for slidable -
mo&ement on the tubular_mandrél, the tﬁbular coupling
sleeve being adapted for attachment to the outer travel
joint tube, said tubular coupling sleeve having a
counterbore defining a pockeﬁ for receiving a ratchet
slip; and, |
a rafchet slip'receivea.within said pocket, said
ratchet slip having tooth portions oriented to permit
only one-way movement of the ratchet slip relative to the

lock assembly mandrel.

17. Wellbore isolation apparétus as defined in claim
16, further iqcluding:

a tubular exteﬁsion sleeve connected to the
tubular coupling sleeve, the tubular extension sleeve |
having a first tubﬁlai body pofﬁion adapted for sliding
movement along the lock assembly mandrel and having a
second tubular body portion radially spaced from the
iocking assembly mandrel.by a longitudinal counterbore,
the second tubular portion being intersected by a detent
for receiving a locking lug;

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

a tubular lug carrier sleeve mounted on the

first mandrel support surface;

This is tha replacement sheet
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245 which has a raised ring 246 fornmed on its inner bore which as Been Repla

detents on either side thereof. Wen the seal unit 238 is run i ," m”', m

The inner mandrel 244 is threadedly attached to an |nd|cat|ng cimon1end
on the end of thé production string P, a-ggleshoe gui de

a tubular retainer sleeve connected to the
tubular carrier sleeve and mounted oﬁ the tubular
extension sleeve in overlapping relation wiﬁh the locking
lug in said detent; and,

shearable-means releasabl? connecting the lug

carrier to the tubular extension sleeve.

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

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

a retainer collar mounted on the tubular
retainer sleeve for limiting longitudinal'movemenﬁ of the
positive indicator shear ring relative to the tubulai
.carrier sleeve; and,

shearable means conﬁecting the fetainer collar

'to the tubular retainer sleeve.

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

a running todl mgndrel coupled to the lock
mandrel and having an end portioh adapted for releasable
connection to the wasﬁpipe;

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

a C-ring dispoéed within the'counterbore éf_the

latch mandrel, said.C-ring being supported in a propped

Trig is the rapiacemen sheet
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' rai sed ring 246 -of the indicating bottomend 245, t he operato

20 248 on its lower end guides the seal unit 238 into the bthﬁ‘sSBEeth ﬁa':d
C
“increase in set down weight followed by &6sudden decrease

packer. Wen the collet 250 of the indicating collet sub 242 mﬁﬂ S

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 haﬁing é smooth seal bore therein 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 séctions of threadedly inﬁerconnected blank
pipe to space the fifSt 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 releasable latching means
attached thefeof; _

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 assembly by shearable means and depending
;herefrom, the washpipe_héving sealing means and
relegsable latching meéns mounted théreon;

simultaneously running the gravel pack assembly,

This is the replacement sheet
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as an indication that the production string has |anded in the sunp packer.
In the use of the apparatus descri bed above, the sunp packer 225, which may
be of any convenient design, is first run into the well on electric line or
by any other convenient nmeans and set in place in an appropriate fashion.

37
the wellbore packer and the washpipe into the hols;
gravel packing the wellbore;
manipulating the gravel'pack assembly to seal
the washpipe into said first paéker and to latch the
washpipe into sgaling engagement therewith;
| removing the gravel pack assembly from within
the bore of the produc;icn string leaving the.washpipe in
sealing engagement with-said first éacker and the second
packer; and, |
. establishin§ communication between the flow bore

of the washpipe and the prcducing zone.

21.  The method as defined in claim 20, including the
step of establishing communication between the flow kore
cf the washpipe.and the pioducing zone by perforating the
washpipe and/or by opening a sleeve valve which has béen

installed intermediate the sections of blank washpipe.

22. The méthod as defined in claim 20 or éiaim 21,
including thé step of extending the length of the
washpipe by expanding a travel joint coupled betwéen the
washpipe and the work string and securing the travel

joint in the expanded position.
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The remai nder of the assenbly descri bed above is assenbled at the surface
and run into the well until the wei ght change described above indicates
that the assenbly has been |anded in.the sunp packer as descri bed-above.
After the*assenbly has been.landed in the3zgunp packer 225, the upper packer
20, shown herein as an hydraulically operated packer., but intended to

i ncl.ude 'ISOLATION WASHPIPE FOR FEARTH WELL COMPLETIONS

AND METHOD FOR USE IN GRAVEL PACKING A WELL
ABSTRACT
A zonal isblation washpipe systém for'isolating
_ a production zone which intersects a wellbore from
communication with the surface comprises a seal assembly'
(212) adapted for sealing engagement within the bore of a
well packer (225) disposed about the externél | |
circumference of-one end of a tubular_washpipe (180), a
releasable connéctof sYstem on the other end of the
washpipe which provides.meaﬁs for retrieval of the
washpipe from the wellbore is placed in sealing
engagement by a releasable telescoping expansion joint
(90) which is resistant to undesired extensioﬁ. To place
the isoléted zone on production, é tubing perforator is
lowered into the bore of the washpipe and perforates the
washpipe at # location adjacent previously formed .
perforations in the casing. Aiternaﬁively sleeve valves
(80) are incluaed in the system to open the washpipe to
‘the flow of well fluids. A methcd for gravel packing a

well using the system is aléo-described.

Figure 4A &4B _
X‘

i )

Dats:

\

'\;_

it

12 NG 19% ﬁ@__,wj _-

LN PO



any packer suitable for packing off a well bore in addition to providing
means to hang production tubing therefrom is set by dropping ball Binto
"the bore thereof and punping fluid down the well so as to bring the bal
-into .sealing engagement with the ball seat thereby diverting the fluid
through flow port 13 into chamber 14 of théd hydraulic setting tool 10.
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Conti nued application of pressure forces piston 16 downwardly into
engagenent with a setting arm 18. The 21 setting force Ts diTecteddown
‘the outer packer mandrel _ o This Sheet Has Been R
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26 to the torque transfer Tug 27 (Fig. 2D). The torque transfer |lug 27

redi r ect s ThiliShesidHat Beg

novabl e t hroug
being limted by

REgicee upwardly forcing the slip expanders 32, 32a

under the 4l 0 so that ‘the slips 30 are brought into
engagenent g 5. The torque transfer
a slo

0 P‘orrred I n3 he packer mandrel 26, with its travel
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the shoul ders 302,304. Once the slips 30 are set, the continued application
of fluid power to the setting nechani sns of the packer nobves the seal

. .expander 29 against the seal elenent package 28. The sealing el enent _

. package 28 is conpressed longitudinally between the seal expander 29 and
~the seal retainer 29a thereby causing the gealin i
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el ement package to expand radially. The radially expanded sealing el enent
package 28 thus seals off the well bore effectively isolating the.bore

~above the packer fromthe well bore bel ow the packer.

After the packer has

been.set, the pressure of the fluid being introduced into the well bore is
B and the expendabl e bal

increased to shear pin 72 and expel the drog bal
seat assenbly '
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into the blind catcher 76. Thereafter the well can be graWb&S Gheﬂamkcl
ot her chem cal treatnent can be applied to the well bore ut

gravel pack service tool 50 and the sl eeve valve 50 and th 80
Jin amanner well known in the a
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22 Once the well has been successfully gravel packed or —otherw se treated,—
the gravel pack service tool 50, or the appropriate stimulation tool

‘together with the tail pipe 55 is pulled upward touvards t T ﬁ [iﬁ “Reﬂ'aced
;7.
92 §
) N N
1 4q-94 \ N
N
/] h %-—K—C
92\ \\ \
il % N
103 L} 102 INNE
| 0 FNSAN
/
% ~NET |/ N
N N d N
B 74
112{. ,X’wo /1 N
/ _ /] N .
12 &Y M1 | 1150
\ ]
118 i | T? '
N =120 1 14ae L TN 144
T IN-116 \ '
N\ - 148
X110 \ e
Di-124 \f152 ~
128 .
I 4126 | \ :"‘58
130 154440 171580
132 140- N_156
N /M N
108 ~160
N 146&
b \7 DL 146
N /\
N
N . LA L1427
134 . N
Rz NN-162
\ 142 A\
\ : .
. 149 /\‘-/154
FIG. 2K N
' _ IN
FIG. 2L

Thig is the rgplacsment s&t
Thia ls the reple

UG 1996



shown, on the inside of the sleeve valve 80.- Because t lecred82
is somewhat resilient it is able to flex inwardly to enga
the profibte. Continued upward pull closes the sleeve val v

di sengages the shifter fromit. Once the collget shifter 82 is di sengaged
from

thereby bringing the collet shifter 82 into engagement th aﬁofl I e not
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joint 90swhich functions as a first |atching nmeans cones
a thickened portion of the production string assenbly 58

the profile, the operator at the surface continues to pyll the inner
gaf
Conti nued upward pull on the inner assenbly 4

assenbl y. upward until outer snap ring 128 of the telesc I Wammemed
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applies | ongitudinal pressure on the secondary shear screw carri er 130

t hereby shearing screw 106. Once the shear screw 106 hasTlB 1a°°d
secondary. shear screw carrier 130 is pushed by the outer Tﬂ
longitudinal ly downwardly until the. snap ring drops off t

.inwardly stepped shoul der 126. However

e : , pri@r to the snap ring 128 dropplng
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the shoul der 126 as aforesaid, continued upward pull al so enables a second

| at chi ng neans retainer, nanely the snap ring retainer 122, to flex. As the
snhap ring retainer 23 '

1

239~ 236
238(
240
/
2\ Vg
N 234
T‘.“é
%
| ' 244 |
2424
4246
_ 250
/ 245
248 P? <
BeenR laced /

\\ll\l\\\lll\\\\\l\l\\ ~FIG. 28

This is the replacement sheet

-Dafo: 12 AUG \996_ |



122 flexes radially outwardly, a second |atching neans, naxEsisettaeBdehE

laced -
114, noves over the raised internediate ring 113. This nov
ring frees the outer tube 94 to tel escope |ongitudinally WT!“['HH'EHMII o]
the inner tube 92. The outer surface of the inner tube 92 i h
a serrated, or "phonograph"” finish so that the serrated edge 103 of the
internal slip 104 enters
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into biting engagenent therewth. ‘This biti ng engagenent prevents—the——
| ongi tudi-nal retraction of the inner tube 92 into the out efhistéﬂQe‘? QWﬁnce

the tubes have been longitudinally extended with reference le nﬁ 'mlaced
|

Once the nested tubes of the tubul ar expansion joint 90 hav ﬂ

-extended, this fact -aaiﬁ_l_],___b_;.e:g,grrﬁmni cated to t{Re operator at
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apparent increase in weight on the weight indicator, not shown, which is
. attached to the hoist on the surface. Referring nowto Fig. 3B, once the
operator has determ ned that the expansion joint 90 has fully extended, he"
then lowers the assenbly until the sawteeth 174 of the ratch latch | atching
-assenbly 142 caminto engagenent with the Hdlical threads 194 of the ratch
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| atch profile sub 190. However, prior to the thre&d&wﬁggﬁﬁ§ﬁ§ﬁ@ﬁb§§ﬁﬂTSr| SG
the profile, the sawmteeth 174 first slide downward Snd°i@8om ppagsedi.al toypaged 27.
t outwardly sl oped shoul der 178 and engage radially sg‘g’ﬁéﬂ(%houﬁ@d.lﬁﬁ& padpd .32,
“engagenent of the saweeth 174 with the radially stﬂf@%@ﬁ&ﬁdﬂiﬂ@ﬁﬁl@&mQ@%ﬁdJﬁp
prevents any further independent novement of the $alit&ethct74: fehalive $ded —..
t he ' )
- 1 -

----------------

ISOLATION WAHPIPE FOR EARTH WELL COMPLETIONS
AND METHOD FOR USE IN GRAVE PACKING A WELL

This invention relates generally to methods and
apparatus for oil andlgas 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 ;nother so that only one

@éamr4BﬁmEqEﬁﬁ#ﬁk&iﬁb%haﬁ-eaiyheﬁgﬂzoné 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_séquence of production of.mqltiple
pay zones which are tappéd ind;vidually is typically;
dictated by well.and reservoir conditions. Such
conditions way include different fluid loss
characterigtiés from zone to zone, downhole well
pressuréS-Which differ frém zone to ?one; and differing
mineralogic conditions from zone to zone.

In addition to reservoir and well conditions,
the cost of completion is typically an overriding factor
because each packerlwhich is used to isolate the pay
zones from each other is usﬁally relatively expensive.
Also, the time it takes to complete a well is partially
determined'by the high expense assogiated with renting
drilling rigs.. Therefore any completion method which can
reduce the time required to complete a well provides a '

‘Thie s the replacement sheet
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24 Iafching assenbly 142 and props the sawteeth 174 radially outwardly to
enabl e engagenent of the sawmeeth 174 with the mating teeth in the profile
194.

2
net savings'to the producer.

Typically, wells in which multiple p:oduction
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 2one is produced at
a time, such pay zones are typically isclated 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 alretrievable 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 és may be
desifable. Hereinafter, "well screen® meaﬁs ény well
f£iltration device intended to inhibit the flow of fines
into the production tubing. Production tubing is'stung
into the upper packer to convey pfoduced fluids to the
surface, and the well is' produced. When the deepest pay
zone is déple;gd or otherwise becomes unproducéive, the
production tubing is removed'froﬁ the upper packer and
replace& with a plug. Aanother packeﬁ is run into the-
well above thé next shallower pay zone; a well screen is
hung off f£rom the packer'and the production tubing is
stuﬁg'ihto that packer. The next shallower zone is then
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Thi s downward novenent of the assenbly al so places the seals of the
resilient seal assenbly 182,182a into sealing engagenent with the snooth
pol i shed bore portion 196 of the ratch latch profile sub 190. Likew se, the
resilient seals 212,212a are placed into sealing engagenent with a polished
bore 239 of the nolded seal unit 238. ' .

) 3

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 very 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 péckers each time a production zoﬁe 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. 1In a dual string completion, well bore
'1, which may be essentially vertical or deyiateq f;ép the_
vertical and having.a deviation raéging from only adﬁew
degrees from vertical to more than 90°, will'hpgmalii-
pass th;ough;several layers of overburden, 2 and 2’ which
lie above éhe shallowest production;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.bf interest.

_Frequently the well bore.l will be lined with a
tubular casing S which is cemented in piace and
subsequently punctured with a plurality of perforations

7,7a within the producing zones 3,3, ]
P g Thig is the replacement sheet
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Wth the upper seals 182,182a in sealing engagenent with the ratch latch
profile sub 190, the |l ower seals 212,212a in sealing engagenent with the
~pol i shed bore 239 of the nolded seal unit in the sunp packer 225, and the
central portion of the washpi pe 180, which fornms a portion of the
production tubing string P, in sealing engagenent with the o-ring seals
206a, 206b and ' 4

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

The dual string well packer 9.will have a well
scregﬁ S hung off from one of its flow borés 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 afe adjacent perforations‘'7 and 7a, |
respeétively. |

In this type of completion, well fluids from
upper-producing zone 3 are not commingled with fluids
from lower producing zone 3’ because 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 hﬁng 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
This Is the replacement sheet
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206c of theseal bore sub 200, the flow bore of the production tubing Pis
effectively sealingly isolated fromthe well bore. Further downward
pressure shears shear screw 144 thereby allowi ng the nose piece 150 to
slide longitudinally relative to the running tool 140 thereby renoving the
prop from beneath the snap ring 156. vvtg

is not very desifabie 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 extended period of time while
the upper zone is completed and the dual packer is run in
pléce. This extended exposure to completion fluids is
frequently detrimental to the production capabilities of
the lower zone. |

As an altermative to the zonal production
methods described above, an entire well might be placed
on production utiiizing a sump packer below the deepest
pay zone and a secoh&.packer above the shallowest paf
zZone. Howéver, 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, méy'cause'
reservoir damage. When such reservoir damage oqéurs,'fhe

. overall producing life of wells in the reservoir can be
seiiousiy diminished and oil thch miéht have been
normally produced if such reservoir démage did not exist -
will be lost.

An additional alte;native to zonal production in
which well workovers are required to bring each zone on
production is the'utilization of yashpipes which depend
from each packer and exténd into sealing engagement with
the next lowex packei. In this embodiment, each
successive -zone is brought on production by running a jet

perforator into the washpipe to the zone of interest and

Thig is the replacement sheet
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the 'snap ring rel eased, the running tool is free to be pulled fromthe hole
whil e | eaving the washpipe 180 firmy latched to the production tubing P.
Referring now to Fig. 3A the running tool 140

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 yashpipe to isolate one pay zone from another.l
The use of several units to complete the well in this
manner also exposes the formation to well completion
fluids for a long periocd 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, shouid one be required

and could result in reduced production from the well.
Also, in prior art (US-A-4944348) one trip washpipe assemblies, such
. washpxpes are prone to premature release from the runmng tool, thereby
.necessxtatmg a costly ﬁshmg JOb to recover the dropped or lost washpipe. The

. drawbacks of the prior art are overcome by an apparatus and ‘method. as. deﬁned in

the amended claims.
‘In a pﬁeée\_ﬂteﬂ form of zonal isolation washpipe

system according to the present invention there .is
provided a seal assembly édaptéd fof sealing engagement
with the bore of a well packer disposed about the
external circumferences of one end of a tubular washpipe-
and a releasable connector system on the other end of the
washpipe which also provideélmeans for retrieval of the
washpipe from the wellbore togethex with a releasable -
telescoping expansion joint which is resistant to
undesired or premature extension.

In one embodiment, the isolation washpipe system

Thig Is the replacement sheet
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25 is then detached fromthe ratch latch | atching assenbly 142 by an upward
pull on the assenbly which shears screw 146. Thereafter, the hydraulic
|setting tool 10, the gravel pack service tool 50, together with the bal
‘catcher sub 56 contained within the bore thereof t he tel escopi ng expansi on

joint 90, and the tail pipe 55 are ;
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.;hé no-go shoulders allow a
tglescoping expansion joint to be extended and a washpipe
releéég mechanismrto 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 produééion
tubing between the preperforated screen base pipe and the
exterior of the Qashpipé. This annular'spacé is
sealingly isolated from the productién tubing by the seal
assemblies disposed about the washpipe so that fluids
which might be produced from the péy zone adjacent the
washpipe are prevented from entering the productlon

) strlng at that point.

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

bore of the washpipe to a location adjacent previously
Thig is the replacsment sheet
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pul I'ed fromthe well bore as a unit. The production string including the
sunp packer 225, well screens S, production tubing P, ratch latch profile
- sub 190, seal bore sub 200, sleeve valve 80, and the hydraulic upper
' wel | bore packer 20, together with the 1atched - in and seal ed washpi pe 180
are left in the well and forma part of tqg production string P. -

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 uéing 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 péy zonéé wi;hin the same wellbore may be
similarly isolated at the time the well is initially
completed by étﬁcking one isolation ﬁashpipe assembly on
top of anoﬁher with an intervening well packer having a
seal boré extension-in its throat between each washpipe.
Once the stacked washpipe assemblies are in place, the.
washpipe can be perforated as aforesaid, and,jonce a zone
has beenlaepleted, the sleeve valve in the washpipe or
the washpipe itself can be plugged at the next shallower
packer; The pipe.can then be perforated adjacent the
next shallower zone or a sleeve valve opened to bring
that zone on production.

Embodiments of the invention will be described
in more.detail, by way of example, with reference to the
‘accompanying drawings, in whichg‘ |

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

Figs. 2A through 2S are views, partially in
This Is the replacement shet
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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 washpi pe 180. Once the perforator is in place, the pipe is perforated
‘'t hereby establishing flow comruni cati on b%tmeen t he production zone and the

section and partiélly 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 unlatchedlpositién;

Figs. 4A and 4B are views, partially in section
and partially in elevation of an alternative embodiment
of the invention for muiti-zohal isolation completions;
and |

Fig. 5.is a cross-section of the device taken
along line-s-S' 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 Eetter illustrate the'-
details and features of the invention. As used herein,
"s" reférs to a well filtration .device, such as a weil
screen aé is cémmonly known in 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 necessafy
that a gravel pack job be performed. Likewise, it is
also intended that other well séimulation tools could be
substituted for the.gravel pack tools shown, and, again
it is not necessary that any such stimulation job be

performed.
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surface,and the well is placed on production. Alternatively, the washpipe.
80 coul d have sl eeve val ves, not shown, threadedly inserted at points al ong
its length as aforesaid. The location of the sleeve valves in the washpipe
woul d necessarily be selected to position the sleeve val ves adj acent
producing formati ons when the washpi pe is_seated and sealed in place as
descri bed ' 10 -

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 2d, such as the Versa-Trieve?®
packer sold by Otis Engineering Corporation, Dallas,
.Texas and shown in US Patéﬁt 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 gnd'
not by means of limitation, may include mechanical,
hydraulic or electric liﬁe actuated setting devices.

The hydraulically set packef 20 is comprised .of
a strengthened tubular inner mandrel 22 which defines the
outer boundary of'iongitudinal packer bore 24. The
longitﬁdinal 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 inher mandrel 22 is an outer packer mandrel 26 which'
is adapted to carry a sealing element package 28, which
is comprised of one of more elastomeric sealing elements,

This is the raplacemen sheet
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26 Réferring now to Figs. 4A and 4B, in an alternative enbodi nent, a sunp
packer 225 is placed and set in the well casing 5 bel ow the | owest
production zone

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 4ispbséd within the longitudinal
packer bore 24 is a gravel pack service tool 50, such as’
that disglosed in US Patéent 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 6€8.
Releasably attached to the seal collar 64 is an
expendable ball seat assembly 62. -

_An o-ring seal 70 is interposed between the-
upper sub 68 and a lower sub 64 to prevént £luid 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 éhg lower sub 64 at
threaded uﬁion 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

Thig is the replacement sheet
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of interest, the well casing 5 having been previously perforated at 6,6

adj acent the various production zones of interest. A first hydraulic packer
20 having a Ratch- [err] profile and a polished seal bore positioned wthin
t he packer's longitudinal bore is run in the well, together with a first
l'ength of production tubing P, a first setof well screens S and a first

sl eeve val ve 80 ’

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 recibrocaﬁed within the longitudinal bore 24 during
the gravel pack process. Threadedly attached at union T
in flow regis;ration with thé.bore of the gravel pack
sexvice 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 thelservice too; 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
- piﬁe 55 (Fig. 2I) and mounted on the tail pipe is.a

collet type shifter 82 which is gdapted to move the
sleeve valve 80 between its open and its closed
positions. The resiliency of the collet portion 82C of
the shifter 82 allows it to move into and out of
engagement with a'shifting érofile 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
slidébly mounted within an outer tube 94. An upper slide

. stop 96 is threadedly attached to said outer tube gt
union T and a lower slide stop 98, which is in slidable
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as aforesaid. The first packer 20 is set so as to place the first well
screens S adjacent the | owest producing zone of interest. The | owest
production zone then is gravel packed in any one of a nunber of nanners
-well known in the art. Once the gravel pack is conpleted, a washpi pe, not
shown is sealed in the bore of the sunp pq&ker 225 as

and sealing engagement with the outef tube 94 is
threadedly attached to union T to the opposing end of the
inner tube 92. |

| An internal slip re;ainer 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'.
103 which entérs into biting engagement with a
corresponding 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 eﬁtendéd |
relationship with respéct to each other. The serrations
are pitched with refefence to the corresponding
serrationé on the iﬁternal slip 102 tofallow-ekﬁenéioh of -
the tubes relative to each other'aﬁd to prevent their
retraction. On run in, the inner tube 92 is feétrained
in a fully encloséd and retracted relationship with
respect to the outer tube 54 by 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

inngr slideway, 112a honed into its outer surface with a
raised intermediate ring 11§.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 ffom the screw bore 126 into a screw depression

118 in the internal slip retainer 100.
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descri bed above. Thereafter a second set of screens S, a second |ength of
~ production tubing P, a second sl eeve valve 80" and a second hydraulic
| packer 20' are run in the hole so that the | ower 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 sijlled in the
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 thch is threadedly
inserted the primary shear screw 116.

. External to the first radially inwardly stepped
shoulder 124 and remotely placéd from it is a second
radia}ly inwardlf g;eﬁped shoﬁlder 126. fhe 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 seépndary shear screw 106
protrudes from the bore into a corresponding shéar.pin
bore 108 in the primary sheér screw carrier 119, 

The outer tube 94 and the assemblies-depending
.théréirém'ére fetained in proper alignment about the
inner tube 92 bf a collar 134 threadedly 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-Latcho.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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art fhat there may be a |l ength of blank pipe of variable | ength threadedly
i nserted between the |ower end of the second well screen S and the first
hydraul i ¢ packer 20 so that the second screen S is positioned adjacent the

15
-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 latching 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 tensibﬁ applied to the assembly'
will cause both screws to shear under approximately the
same applied force. The shear screws 144,146 protrude
into détents 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 elongatéd thin tail piece 152. At the
end of the tail piece 152 which is remote from the n&se
pPiece 150 is a radially inwardly stepped shouidér 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 }a;ch'
mandrel 142 by o-ring seals 149. 1nterna1.threads 1427
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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27 production zone of interest in the general vicinity of the second
perforations 6'. Again the well is gravel packed and a second washpipe is
|l anded and seal ed as aforesaid so as to isolate the second producing zone
‘from conmuni cation with the surface.

16

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 ratea at a much higher parting streggth.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, éxcept_un§e:.
extraordinary circumstances. _ _ _

Referring now to Fig. 2M, the latching assembly
142 is thrgadedly connected to a washpipe 180 at threaded
union T.énd has a plurality'of flexible ééllet latches
170 dependihg therefrom. _

The collet.latches 170 comprise a plura;ity of
resilient, flexible collet arms 172 fixedly attached to
the latching assembly 142. At the end of each collet arm
172 which ié remote from thé latching assembly 142 i? 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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It will be understood by one skilled in the art that any nunber of sets of
screens, production tubing and packers can be stacked in the manner
described in the alternative enbodi nents section of this disclosure. It is
intended and understood that the clains are intended to cover this
alternative enbodi nent as well as a singlf7zone conpl eti on.

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 ;76, 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 éé a result of a straight pull on the work
string.

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

The Ratch-Latch® profile sub 190, wﬁiéh forﬁs_én
integral part of the productlon tubing P has mzlled
within its flow bore 192 a series of helical threads 194
which-havg the same pitch.as the sawtooth 174 of the
collet latch 170-which compriées part of the ratch latch
latching assembly 140. In addition to the same pitch as
the sawteeth 174, the profile also ek@iﬁits angled and
stepped portions which match the angled and stepped
por;ions respectiveiy, of thg.latching profile on the
collet latch 170. N

With this aggregation of parts, it is therefore
possible to push the latching assembly 142 into
engagement w1th the hellcal threads' 194 thereby causing

the camming surfaces to slide over one another. However,
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The operator can then bring each production zone on |ine by perforating the
washpi pe adj acent the zone of interest in the manner described above. It
wll be seen fromthese exanples that the invention can provide a zonal

i sol ati on washpi pe system which can be-reliably released fromthe run-in
string. The washpi pe can also sinply and &gliably seal within a

it is necessary to rotate the latching aésembly 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 theiﬁell bore for substantially
the entire 1ength.of the préducing zone(s) 3,3'.

The seal bore sﬁb 200 is attached to the
production string P intermediate sections of well screen
S by threaded coupling C and has a radially inwardly
sloping shéulder_zoz which reduces the diameter of the.
flow bore 204 which ﬁasses therethrough to substantially
that of the external diameter of the washpipe 159{

Within the reduced diameter bore portion'are-loéated'=
several seals, 206a,206b and 206c which form é fluid
tight -bond with the washpipe 180 as described below:

éeferring now to Fig. 2Q, a lerr 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 Ehreadeaiy #ttachea to the seal sub 210 at union .T.

Threadedly attached at union T to the bottom end
of the lowefmost 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

This is the replacement sheet

Crias * % DEC 1991



proddction string. The system as described does not inhibit the ability to
gr-avel pack or chemcally treat a well production zone and it allows the
application.of fluid treatnments to a well bore in a single tubing run. A
‘further feature of the described systemis that it can be run in the
initial conpletion pipe trip. Mreover itlgan
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 shoﬁn in Figs. 2R through 2S
is a Model AWD.i’erma-Series0 packer sold by Otis
Engineering 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 slibs 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 seallﬁnit223é
which is in turn threadedly attached at union T to an
indicating collet sub 242.

The molded seal unit 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 attacheg 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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al so be utilized in deviated and horizontal well bores. 28 CLAI Ms: 1.
Apparatus for isolating a production interval in a production well of

20
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 landéd in
the sump packer. ' |
In the use of the apparatus described above, the
sump'packer 225, whiéh 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 appropriaﬁé
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 beén landed in. the sump.packer as déscribed;abovefi
After the assembly has been landed in the sump
packer 225, the upper packer 20, shown herein as an
hydraulically operated pécke:, but intended to include
any packer suitable for packiné off a well bore in
gddition to providing means to hang production tubing
therefrom, is set by dropping ball B in;o the bore
thereof and pumping fluid down the well so as to bring
the ball into sealing engagement with.the ball seat 6%
thereby diverting the £luid 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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the type including a tubing string and a packer (20) having a tubular
mandrel (22) and fl ow bore (24) coupled in conmunication with the tubing
.string, conprising: a washpipe (180) disposed within the tubing string and
"adapted for sealing engagenent within the flow bore (24) of the packer
mandrel (22); an expandable travel joint (%g) coupl ed to the washpi pe (180)
for extending the length of 'the washpipe ( the travel joint having

a0t selauluouanoseontssal SN i A0 ot i
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 S. The torque transfer lug 27
is longitudinally movable thfough 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
compresséd longitudinally between the seal expande; 29
and the:seal retainer 29a thereby causing the.sealingh
element package to expand radially. - The rad.:t:.av.l_t;l};fs
expanded sealing element package 28 thus seals off the
well bore éffectively isolating the .bore above the packer -
from the well bore below the packer. After the packer
has been.set, the pressure of the f£fluid being int:oduced
into the well bore is increased to shear pin 72 and expei
the drop ball B and the expendable ball seat assembly
into the blind catcher 76.

Thereafter the well can pe gravellpacked 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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position, respectively; the tubing string and the washpi pe (180) being
provided with latch receptacle neans (190) and a | atch nenber (142) for
iconnecting themtogether by mating said |atch menber (142) in a positively
| at ched union with the latch receptacl e neans (190). 2. Appar at us
according to claim1l1, wherein the |atch receptacle neans (190) conprises a
tubul ar | atch receptacle (190) coupl ed to2rhe tubing string, the tubular
| at ch receptacle (190) having an internal |atch surface (194) for engagi ng
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 Eowards 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
sleeve 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 pull on ﬁhe inner assembly
applies longitudinal pressure on the secondary shear
screw carrier 130, thereby sheéring screw 106. Once the
shear screwllos has sheared, the secondary shéar screw
carrier 130 is pushed by the outer snap ring 128
longitudinally'downwardly until the_sﬁap 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 pﬁll also

enables a second latching means retainer, namely the snap

ring retainer 122, to flex. As the snap ring retainer
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the I'atch menber (142); and, the l|atch nmenber (142) includes a collet (170)
coupled to the washpi pe (180), the collet (170) having defl ectable arns
(172) adapted for insertion into the latch receptacle (190), each
defl ectable arm (172) including a radially projecting |atching nmenber. 3.
Apparatus according to claim?2, wherein the internal latch surface (194) is
intersected by helical threads and each r&G8ially projecting |atching nenber
(172) includes a saw tooth (176) couplin% menber adapted for ratchet
engagenent 122 flexes radially outwardly, a second latching means,
namely the lugs 114, moves over the raised intermediate
ring 113. This movement ofer the ring frees the outer
tube 94 to teleécope 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 édge 103 of the in;ernal slip 104 enters
into biting engagement thereﬁiﬁh. 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 nes;ed tubes of the tubular expansion
joint 90 have fully exﬁended, this fact will be
communicated to the operator 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 expansion joint 90- has fully
extended, he then lowers the assembly until the sawteeth
174 of the ratch latch latching aésembly 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 radiailx 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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with the helical threads on the latch receptacle (190). 4.

Apparatus according to claim2, wherein the latch receptacle neans 29
|(190) conpri ses mateabl e coarse threads (194) having canmi ng surfaces

t her eon

24
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 engﬁgemenﬁ.Qith'a polished bore 239 -of the molded
seal 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 enéagement with the
‘polished bore 239 of the molded seal unit in the sump
packer 225, énd the central portion of the:washpipe 180,
which forms .a portion of the pfodnctibn tubing string P,
in sealing engagement with the o-ring seals 206a,206b and
206¢c of the'seai bore sub 200, tﬁe fléw bore of the
production tubing P is effectively sealingly isolated
from the well bore.

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

Referring now to Flg 3A, the running tool 140
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so as to be ratchetable in one direction with respect to the defl ectable
arns (172) and pitched in relation to the latching arns (172) to all ow
rotational unlatching thereof. 5. Appar atus according to any one of
!clains 1'to 4, including a running tool (140) threadedly attached to a work
string, wherein the washpipe |atch nenber (142) is attached to the running
tool (140) by shearably detachabl e neans. 6. Appar atus according to
claim5, wherein the shearably detachabl e25

is then detached from the ratch latch latching assembly
;42 by an upward pull on the assembly which shears screw
146. Thereafter, the hydraulic setting tool 10, the
_gravel pack service tool S50, together with the ball
catcher sub 56 contained within the bore therecf, the
telescoping expansion joint 90, and the tail pipe 55 are
pulled from the well bore as a unit.

The production string including the sump packef
225, ﬁell screens S, production tubiﬁg P, ratch latch
profile sub 190, seal bore sub 200, sleeve valve 80, and
the hydraulic upper wellbore packer 20, together with the
latched -~ in and sealed wﬁshpipe 180 are left in the well
and form é part of thé production string P.

When it is desired. to place the isolated
production zone on production, a perforating_dévicé,.such '
as a jet perforator, or any such'device which';s-wéll-

: known_in the art is lowered into the well boré until it
is located in the washpipe 180. Once the perforator is
in place, -the pipe-is.pérforated thereby establishing
flow communication between the pfoduction zone and the
surface, .and the well is placed on production.
Alternativgly, the washpipe 80 could have sleeve valves,
not shown, threadedly inserted at pqints along its length
as aforesaid. The location of the sleeve valvés in Fhe
washpipe wpuld necessarily be selected to posiﬁion the
sleeve valves adjacent producing formations when the
washpipe is seated and sealed in piace as described

herein. _ This is tha replacement sheet
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means conprises: a retainer collar (158) disposed on the |atch nmenber
(142); a latch nenber retainer (156) propped radially outwardly into

| engagement with the retainer collar (158); a first shearable neans (144);
proppi ng neans (152) shearably under the |atch nmenber (142) and

| ongi tudi nal ly slidable fromengagenent therewith; and, a second shearable

nmeans (146). 7. . Appar at us accordi 8§ to any preceding claim wherein
the travel joint (90) conprises: a first_tubular nmenber (94) having a
| ongi tudi nal bore; a s ring now to Figs. 4A and 4B, in an

alternative embodiment, a sump packer 225 is placed and
- set in the well casing S below the lowest production zone
of interest, the well casing 5 having been previously
perforated at 6,6’ adjacent the various produétion Zones
of interest. A first hydraulic packer 20 having a Ratch-
Latch® profile and a polished seal bore positioned within
“the packer’s longitudinal boré is run in the well,
togethéf with a firgt.lengﬁh of production fubing 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 1S.
gravel packed in any one of a number of manners well
known in the art.

-‘Once the gravel pack is,completed,~aﬂwashpipe,
not shown 'is sealed in the bore of the sump packer 225 as
described_above. |

Thereafter a second set of screens S’, a second
length of production tubing.P;, a second sleeve valve 80’
and a second hydraulic packer 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 Epe
§rt'that thefe 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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tubul ar nmenber (92) disposed for extension and retraction novenent within

t he | ongi tudinal bore of the first tubular nenber (94); neans attached to
‘the first tubular nenber (94) and to the second tubul ar menber (92) for
"opposing wit hdrawal of the second tubul ar nenber fromthe bore of the first
tubul ar nmenber, and neans coupled to the 4§4rst and second tubul ar nmenbers
(94,92) for retaining the second tubul ar nenber (92) in an extended

posi tion rel ghiogRded di'&drd Bf Lihd AéstBIReEnéOGtneral 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 prodﬁcing 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 section of this disclosure. It
.is inteaded and understood that the claims afe 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
1nterest in the manner described above.

It will be seen from these examples that the
invention can provide a zonal isolation” washpipe system -
whieh can be reliably released from the rua-in string.
The washpipe can also simply and reliably seal withip a

n'production string.

The system.as described does not inhibit the
ab;;ity to gravel pack or cbemiéally treat a well
production zone and it allows the application of fluid
treatments to a well bore in a singie tubiné 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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8. .~ Apparatus according to claim?7, wherein the w thdrawal opposing
nmeans conprises: detent neans (112) forned in the washpipe (180); a |ug
lcarrier nmounted on the washpipe (180); a locking lug (114) coupled to the
| ug carrier and 30 : :

-28 -
CLAIMS:

1. Apparatus for isolating a production interval in a production well of
the type including a tubing string and a packer (20) having a tubular mandrel (22)
and flow bore (24) coupled in communication with the tubing string, comprising: a
washpipe (180) disposed within the tubing string and adapted for sealing
engagement within the flow bc.)re (24) of the packer mandrel (22); an expandable
travel joint (90) coupled to the washpipe (180) for extending the length of the
washpipe (180), the travel joint having first and second latching means (128,103)
for retaining the travel joint (90) in a contracted position and in an expanded
position, respectively; the tubing string and the washpipe (180) being provided
with latch receptacle means (190) and a latch member (142) for connecting them
together by mgting said latch member (142) in a positively latched union with the

latch receptacle means (190).

2. Apparatus according to claim 1, wherein the latch receptacle méans
(190) comprises a tubular latch receptacle (190) coupled to the tubing string, the
tubular latch receptacle (190) having an internal latch surface (194) for engaging
the latch member (142); and, the latch member (142) includes a collet (170)
coupled to the washpipe (180), the collet (170) having deflectable arms (172)
adapted for insertion into the latch receptacle (190), each deflectable arm (172)
including a radially projecting latching member.

3. Apparatus according to claim 2, wherein the internal latch surface
(194) is intersected by helicél threads and each ‘radially projecting latching member
(172) includes a saw tooth (176) coupling member adapted for ratchet engagement
with the helical tt;reads on the latch receptacie (190).

4. Apparatus according to claim 2, wherein the latch receptacle means
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propped radially outwardly by the detent neans (112); and a first retaining
means (110) shearably attached to the lug carrier and disposed in radially
iinwardly propping engagement with the |ocking lug (114). 9.

" Apparatus according to claim8, wherein the w thdrawal opposing neans
further conprises: an indicator ring (128% posi tioned on and | ongitudinally
novabl e over the first retaining neans (1 %f; and a second retaining neans

130) shearghly attached to the firs{ retaini ans (110) and sitioned
5 0 0|)opo se 6%0}5 compricses mateable coarse tiueadsa(lad]ﬂavnlgg carémxjhg sur?aceg ereon
s0 as to be ratchetable in one direction with respect to the deflectable arms (172)

and pitched in relation to the latching arms (172) to allow rotational unlatching

thereof.

5. Apparatus according to any one of claims 1 to 4, including a running
tool (140) threadedly attached to a work string, wherein the washpipe latch
member (142) is attached to the running tool (140) by shearably detachable means.

6. ’ Apparatus according to claim 5, wherein the shearably detachable
means comprises: a retainer collar (158) disposed on the latch member (142); a
latch member retainer (156) propped radially outwardly into engagement with the
) xletainer collar (158); a first shearable means (144); propping means (152)
sheérably undér the latch member (142) and longitudinally slidable from

engagement therewith; and, a second shearable means (146).

7. . Apparatus according to an.y preceding claim, wherein the travel joi;it
(90) comprisés: a first tubular member (94) having a longitudinal bore; a second
tubular member (92) disposed for extension and retraction movement within the
longitudinal bore of the first tubular member.(94); means attached to the first
tubular member (94) and to the second tubular member (92) for opposing

- withdrawal of the second tubular member from the bore of the first tubular
member; and means coupled to the first and second tubular members (94,92) for
retaining the second tubular member (92) in an extended position relative to the
first tubular member (94).

8. Apparatus accdrding to claim 7, wherein the withdrawal opposing

means comprises:‘ detent means (112) formed in the washpipe (180); a lug carrier

| mounted on the washpipe (180); a locking lug (114) coupled to the lug carrier and

‘ Thig is the replacement sheet
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retraction novenent of the indicator ring (128) relative to the first
retaining neans (1 10). 10. Appar atus according to any one of clains
7 to 9, wherein the extended position retaining neans includes a ratchet
'slip (102) slidably nmounted on said washpi pe (180) and noveably coupled to
said lug carrier (110), and said ratchet_ghLp (102) has tooth portions
(103) oriented to permt only one-way novenent of the ratchet slip relative

to the washgififhed radially outwardly by the detent means (112); and a first retaining means
(110) shearably attached to the lug carrier and disposed in radially inwardly
propping engagement with the locking lug (114).

9. - Apparatus according to claim 8, wherein the withdrawal opposing
means further comprises: an indicator ring (128) positioned on and longitudinally
movable over the first retaining means (110); and a second retaining means (130)
shearably attached to the first retaining means (110) and positioned to opposé
retraction movement of the indicator ring (128) relative to the first retaining means
(110).

10. Apparatus according to any one of claims 7 to 9, wherein the
extended position retaining_. means includes a ratchet slip (102) slidably mounted on
said washpipe (180) and moveably goupled to said lug carrier (110), and said
ratchet slip (102) has tooth portions (103) oriented to permJt only one-way -

movement of the ratchet slip relative to the washpipe.

11. Apparatus according to claim 1, wherein the packer (20) has a
polished sealing surface in the flow bore of the packer mandrel (22); a first seal
bore sub (190) is connected Between the well bore packer (20) and one section of
the well production screen (S); one or more s'ections of tubular well production
screen (S) are connected in flow registration with each other and connected to and
in flow registration with the first seal bore sub (190); a second seal bore sub (230)
is connected in flow registration with th_e lowermost of the production screens (S);
a first releasable latching means (142) is incorpc;rated into the bore of one of the .
seal bore subs; the washpipe (180) is provided with first and second end portions;
and, a first supplemental sealing means (182) is disposed on one end of the
washpipe (180), a second supplemental sealing means (212) is disposed on the
other end of the washpipe (180), and a second releasable latchihg means (148) is
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11. Apparatus according to claim1, wherein the packer (20) has a
“polished sealing surface in the flow bore of the packer mandrel (22); a
Ifirst seal bore sub (190) is connected between the well bore packer (20)

and one section of the well production screen (S); one or nore sections of
~tubul ar well production screen (S) are c@inected in flow registration with

each other and connected to and in flowregistration with the first seal

bore sub ( : ffwasiiiife $180) sa@)supplenteitaricalingmeanm/(212

registrati éﬁ%\ﬁeﬁ ?ﬁgmlpg&er m)g?ﬂ{)l eghe )|(or odtjsé1 ?on screens an;lw( )
sealingly engaging the seal bores and being releasably latched in sealing
enghgement with the polished sealing surface of the packer (20) by cooperative
engagement of the first releasable latching means (142) with the second releasable

latching means (148).

12. Apparatus according to 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.

13. - Apparatus according to claim 12, wherein the coarse threads are

biased to permit ratcheting movement in only one direction with respect to each
other. |
14. Apparatus according to claim 12 or 13, wherein the coarse 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. Apparatus according to any one of claims 11 to 14, wherein one of
“the latching means is resiliently mounted with respect to the other of the latching

means. -

16. . Apparatus according to claim 1, wherein the expandable travel joint
(90) includes an inner travel joint tube (92) received for telescoping movement
within an outer travel joint tube (94), and further including: a.tubular lock mandrel
having a longitudinal flow bore, a first énd portion adapted for connection with the
washpipe (180) and a second end portion adapted for attachment to the inner travel
joint tube (92), the lock mandrel having first and second mandrel support surfaces,
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a first releasable latching neans (142) is incorporated into the bore of
one of the seal bore subs; the washpipe (180) is provided with first and
second end portions; and, a first supplenental sealing nmeans (182) is

di sposed on one end of the washpi pe (180), a second suppl enental sealing
means (212) is disposed on the other end_gi_the washpi pe (180), and a
second rel easabl e [atching neans (148) is

the second mandrel support surface being radially stepped with respect to the first
mandrel support surface, and the first mandrel support surface being intersected by
a detent for receiving a locking lug (114); a tubular coupling sleeve (98) mounted
for slidable movement in 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 (104); and a ratchet slip (102) received
within said pocket, said ratchet slip having tooth portions oriented to permit only

one-way movement of the ratchet slip relative to the tubular mandrel.

17. | 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 (225,20) each having a smooth seal bore therein above
and below the production zone; running a production string including at least one.
well productidn screen (S) and having seal bore subs attached to each end thereof
and having a sufficient number of sections of threadedly interconngctéd blank pipe
to space the first packer (20) and the second packer (225) above and below the
production zone threadedly connected to one end of the well screen, the uppermost
of said sections of the blank pipe having releasable latching means attached
thereto; placinga gravel pack assembly (50) including a crossover service tool and
a sleeve valve shifting tool within the flow bore of the second wellbore packer
(20), the wellbore packer having a washpipe (180) releasably engaged with the
gravel pack assembly (50) by shearable means and depending the_reﬁ'om, the

" washpipe (180) having sealing means and releasable latching means (142) mounted.
thereon; simultaneouély running the gravel pack assembly (50), the wellbore
packer and the washpipe (180) into the hole; gravel packing the wellbore;
manipulating the gravel pack assémbly (50) to seal the washpipe (180) into said
first packer (225) and to latch the washpipe (180) into sealing engagement
therewith; removing the gravel pack assembly (50) from within the bore of th;
production string leaving the washpipe (180) in sealing engagement with said first
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31 di sposed on end of the washpi pe (180), said supplenental sealing neans
(212) sealingly engaging the seal bores and being releasably latched in
seal i ng engagenent with the polished sealing surface of the packer (20) by
“cooperative engagenent of the first releasahle | atching neans (142) with

t he second rel easabl e | atching neans (148).
-33-
packer and the second packer; and establishing communication between the flow

bore of the washpipe (180) and the producing zone.

18. A method according to claim 17, wherein the communication
between the flow bore of the washpipe (180) and the producing zone is established -
by perforating the washpipe (180) and/or by opening a sleeve valve which has been
installed intermediate the sections of blank washpipe.

19. " Amethod according to claim 17 or claim 18, including the step of
extending the length of the washpipe by expanding a travel joint (90) coupled
between the washpipe (180) and the work string and securing the travel joint (90)

in the expanded position.
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12.

Apparatus according to claim 11, wherein the first rel easable

| at chi ng neans and the second rel easabl e | atching nmeans conpri se coarse
I't hreads which are mateabl e in engagenent with each other. 13.

Apparatus according to claim 12, wherein the coarse threads are biased to
ratcheting novenent in only one direction with respect to each

perm t
ot her.
t hr eads

14.

Appar atus according to gkan112 or 13, wherein the coarse

 ISOLATION WASHPIPE FOR EARTH WELL COMPLETIONS
AND METHOD FOR USE IN GRAVEL PACKING A WELL

ABSTRACT

A zonal isolation washpipe system for isolating
a production zéne which intersects a wellbore from
communication with the surface comprises a seal assembly
(212) adapted for sealing engagement within the bore of a
well packer (225) disposed about the external
circumference of'one end of a tubular washpipe (180), a
releasable connector system on the other end of the
washpipe which provides means for retrieval of the
washpipe from the wellbore is placed in sealing
engagement by a releasable telescoping expansion joint
(s0) which is resistant to undesired extension. To place
the isolated zone on production, a tubing perforator is
lowered into the bore of the washpipe and perforates the
washpipe at a location adjacent previously formed
perforations in the casing. Aiternatively sleeve valves
(80) are inclu&ed in the system to open the washpipe to
the flow of well fluids. A method for gravel packing a

well using the system is also described.

Figure 4A &4B
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are pitched with respect to each other to allow the rel ease of the | atching
nmeans by rotating one of the:latching neans with respect to the other
“latching neans to unscrew and unl atch the |atching neans. 15.

Appar atus according to any one of clainms 11 to 14, wherein one of the

| atching nmeans is resiliently nounted with respect to the other of the

| at chi ng neans. 16.
j oi nt

expandabl e travel
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(90) includes an inner travel joint tube(92) received for tel escoping
novenment within an outer travel joint tube (94), and further including: a
tubul ar |l ock mandrel having a |ongitudinal flow bore, a first end portion.
‘adapt ed for connection w th the washpi pe (180) and a second end portion
adapted for attachnent to the inner travel joint tube (92), the |ock
mandrel having first and second mandrel support surfaces,
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32 the second mandrel support surface being radially stepped with respect
to the first mandrel support surface, and the first mandrel support surface
| being intersected by a detent for receiving a locking lug (114); a tubul ar
‘coupling sleeve (98) mounted for slidable novenent in the tubular mandrel, -
t he tubul ar coupling sleeve being adapted for attachnent to the outer
.travel joint tube, said tubular coupling sgeeve
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havi ng a counterbore defining a pocket (104); and a ratchet slip (102)
~received within said pocket, said ratchet slip having tooth portions
toriented to permit only one-way novenent of the ratchet slip relative to

t he tubul ar mandrel. 17. A met hod of isolating a production zone and
subsequently placing the isolated zone on production conprising the steps
of : running and setting first and second well packers (225, 20) each having
a snmooth seal bore therein above and bel ew4the producti on zone; running a
production string including at | east one
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wel | production screen (S) and having seal bore subs attached to each end
“thereof and having a sufficient nunber of sections of threadedly
“interconnected blank pipe to space the first packer (20) and the second
packer (225) above and bel ow t he production zone threadedly connected to
one end of the well screen, the uppernost of said sections of the blank
pi pe having rel easabl e | atching neans attached thereto; placing a gravel
pack assenbly (50) including a crossover service tool and a sl eeve val ve
shifting tool within the flow bore of the second wel | bore packer
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(20), the well bore packer having a washpi pe (180) rel easably engaged with

t he gravel pack assenbly (50) by shearabl e neans and dependi ng therefrom

| the washpi pe (180) having sealing means and rel easabl e | atching nmeans (142)
'nmount ed thereon; sinultaneously running the gravel pack assenbly (50), the
wel | bore packer and the washpipe (180) into the hole; gravel packing the
wel | bore; manipul ating the gravel pack agsgnbly (50) to seal the washpipe
(180) into said first packer (225) and to Patch the washpi pe (180) into

i seal i ng engagenent
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therewith; renoving the gravel pack assenbly (50) fromw thin the bore of

t he production string | eaving the washpi pe (180) in sealing engagenent with
said first 33 packer and the second packer and establishing

. communi cati on between the flow
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bore of the washpi pe (180) and the producing zone. 18. A et hod
according to claim 17, wherein the conmmuni cati on between the flow bore of
|the washpi pe (180) and t he producing zone is established by perforating the
- washpi pe (180) and/or by opening a sleeve valve which has been installed

i nternmedi ate the sections of blank washpi pe. 19. A et hod accordi.ng
'to claim17 or claim 18, including the sigep of extending the |ength of the
-washpi pe by expanding a travel joint (90) coupled
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betweén t he washpi pe (180) and the work string and securing the travel
jotnt (90) in the expanded position.
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