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This invention relates to new and useful improve-
ments in well completion apparatus for use in producing
well fluids from a plurality of production zones and
relates particularly to an improved well packer.

In the prior patent to Brown 2,903,066, issued Septem-
ber 8, 1959, a well packer apparatus and method is dis-
closed wherein a plurality of well packers may be finally
positioned in a well bore in unset position, after which
the tubing strings are landed and the surface control
head equipment is mounted to maintain the well under
control. Thereafter, circulation around the unset packers
may be accomplished and then the packers may be moved
to set or sealing position, all without disturbing the
tubing strings and the control head equipment, whereby
full control of the well is maintained at all times. The
particular advantages in such prior patent are obtained
by the use of well packers which may be selectively set
without requiring any movement, either longitudinal or
rotative, of the well tubing strings.

Experience has shown that in some instances it may
be desirable to employ well packers which are of the
type set by the pressure-differential across the packer.
Such differential-pressure setting packer normeally em-
ploys annular packing cups which are acted upon by
the pressure above and below said packer and because
of the use of the pressure-actuated cups, a constant
contact between the packing cups and wall of the well
pipe is maintained. For this reason circulation around
this type of packer is not possible and heretofore the
cup-type or differential-pressure setting packers have
been incapable of use with a method wherein the tubing
strings are in final position and the surface controi head

equipment placed prior to any circulation operation and 4

prior to the final setting of the packers.

It is, therefore, one object of this invention to provide
a well completion apparatus which includes spaced well
packers of the differential-pressure setting type wherein
each packer has means for initially permitting a by-pass
of fluid around the packer elements whereby circulation
past the packer may be accompiished, after which said
by-pass means may be closed to allow the packer ele-
ments to be moved into sealing position; the apparatus
lending itself to use in a method wherein the tubing
strings arc finally landed and the surface control head
equipment is in place prior to closing of the by-pass
means in each packer, whereby circulation may be car-
ried out with the well under full centrol, following which
said by-pass may be closed to set the packers.

An imporiant object is to provide an improved well
packer for use in well completion apparatus, which
packer is moved into set position by the pressure differen-
tial thereacross and which has a normally open by-pass
means aliowing flow through and around the sealing ele-
ments of the packer, said by-pass means being arranged
to be closed from the surface of the well without re-
quiring any movement of the packer or of the well pipe
on which said packer is mounted.

Another object is to provide a well packer, of the
character described, having a by-pass passage which is
opened and closed by a movable valve element; said
element being actuated either by the pressure within the
well pipe or tubing on which the packer is mounted or
being actuated by a mechanical means which is con-
trolled from the surface of the well.

The construction designed to carry out the invention
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will be hereinafter described, together with other features
thereof.

The invention will be more readily understood from
a reading of the following specification and by reference
to the accompanying drawings forming a part thereof,
wherein an example of the invention is shown, and
wherein:

FIGURE 1 is a diagrammatic view illustrating the well
completion apparatus showing the well packers, con-
structed in accordance with the invention, being lowered
into a well bore on a first tubing string;

FIGURE 2 is a similar view, showing the second
tubing string in position, with both tubing strings and
the surface control head equipment in final position and
with the by-pass around each packer open;

FIGURE 3 is a similar view illustrating the by-pass
around each well packer closed and with the packers
set to separate the producing formations;

FIGURE 4 is a view, partly in section and partly in
elevation of one of the well packers and showing the
valve which controls flow through the by-pass in a
position maintaining the by-pass open;

FIGURE 5 is a similar view, showing the valve in
a position closing the by-pass; and

FIGURE 6 is a longitudinal sectional view of a slightly
modified form of the invention.

In the drawings the numeral 18 designates a well
bore which traverses an upper well fluid producing for-
mation F1 and a lower well fluid producing formation
F2. The usual well casing 21 extends downwardly with-
in the bore of the well and is provided with perfora-
tions 32 opposite the formation F1 and similar per-
forations 13 opposite the formation F2 whereby the well
fluids from these formations may flow into the bore.
Sinee it is desirable to produce the well fluids from each
formation through a separate well tubing string, it is
necessary to separate the formations by means of well
packers and to lower separate tubing strings into the bore.

The well casing normally contains the usual mud or
weighted fluid which fills the casing and acts against
the producing formations to maintain the well under
control. For separating the production from the two
producing formations F1 and F2, a pair of well packers
P1 and P2, which will be hereinafter described in detail,
are mounted on a first tubing string T1 and are located
in proper spaced relation on said string. By means of
the tubing string, the packers are lowered through the
fluid within the bore and into the position shown in
FIGURE 1 to locate the lower packer P1 between the
formations F1 and F2 and to locate the upper packer
P2 above the upper formation Fi. The lower end of
the tubing string T1 communicates with the well fluid
producing formation F2 whereby the well fluids from
this formation may flow upwardly through said tubing.

After the first tubing string and the packers P1 and P2
are positioned as illustrated in FIGURE 1, a second tub-
ing string T2 is lowered downwardly within the well bore
in parallel relationship to said first tubing string and the
lower end of said second tubing string is engageable with-
in a bore or passage 14 formed in the upper packer P2.
A suitable seal ring 15 may be mounted on the lower
portion of the tubing string T2 so that when said string
is in place within the passage, a suitable seal between
this tubing string and packer P2 is maintained. If de-
sired, the lower end of the second tubing string may be
releasably connected to the upper packer by means of
the well-known J-slot (not shown) or other suitable
means. When in position, the lower end of the second
tubing string T2 communicates with the area between the
packers whereby well fluids from the upper formation F1
may be conducted to the surface through the second tub-
ing string.
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After the tubing strings T1 and T2 have been positioned
within the well bore, said strings are supported or sus-
pended {rom their upper portions by means of the usual
tubing head 16 having the supporting siip members 1€a.
The usual tubing head cap or closure 17, which seals off
around the tubing strings and closes in the upper end of
the well casing 11, is then positioned in the manner shown
in FIGURES 2 and 3. The tubing string T1 is provided
with a control valve 18 in its upper end while tubing T2
has a similar control valve ¥9 therein, said valves con-
irolling flow through said strings. The usual side outlet
line 20 having control valve 23 connected therein ex-
tends from the upper portion. of the casing at a point just
below the tubing head 15, After the tubing strings and
packers are positioned with the packing elements of
packers performing their scaling function, the well fluids
from each formation will be conducted to the surface
through its particuiar tubing string.

Because the well casing is normally maintained full of
weighted fluid or mud to hold the well under control
while the packers and tubing strings are being run, it
is desirable that each packer be provided with a by-pass
around its external packing element so that said packing
clement does net function as a seal while the packers are
being lowered and positioned within the well bore.  Alse,
after the tubing sirings have been suspended in the man-
ner shown in FIGURE 2, it is desirabie to circulate the
weighted fluid or mud out of the well bore prior to the
final setting of the packing elements of the packers P1 and
P2,

The particular type of packers P1 and P2 are of the
pressure differential setiing type, that is, each packer is
moved into tight sealing engagement with the wall of the
casing by the diiferential in pressures acting across the
packer. Such a packer normally employs lip-type pack-
ing elements which are subject to the action of the fluid
against said iips and as a result a circulation through or
around the packer is not possible.

To adapt the pressure differential type of packer for use
in the present method, each packer is provided with a by-
pass passage therethrcugh and such passage is controlled
by a slidable valve V; the valve is in the form of a tubular
sleeve which is mounted within the support or mandrel of
its respective packer. When the packers are initially run,
the valve sleeve of each packer is in a position maintain-
ing the by-pass passage through the packer open so that
during running in of the packers, the by-pass remains
open to permit equalization of pressure across the packing
elements of the packers and thereby prevent each packing
element from effecting a tight seal with the casing wall.
After the packers reach final position as shown in FIG-
URE 2, their by-pass passages may remain open to allow
the desired circulation through said packers.

After the circulation step is complete, the sleeve valves
V of the two packers, as will be hersinafter explained,
are actuated to move said valves {o a position ¢losing the
by-pass passages and when this occurs, the pressure dif-
ferential across the packer elements moves said elemenis
into a sealing position with the wall of the well casing to
cffectively separate the well fluids from the two producing
formations.

In FIGURES 4 and 5 the detailed construction of the
lower packer P1 is illustrated. This packer includes a
tubular support or mandrel 22 which has its upper end
adapted to be comnected through a coupling 23 with the
tubing string T1 and which has its lower end open to
communicate with the area therebelow. A plurality of
upper by-pass cpenings 24 extend through the wall of the
mandrel at its upper portion while similar by-pass open-
ings 25 are provided in the lower portion of said mandrel.
Intermediate the upper and lower by-pass openings, the
mandrel is formed with an external annular enlargement
or flange 26 adjacent which is mousnted an upper packer
cup or element 27 and a Iower packer cup or element 28.
The vpper packer cup comprises a bedy portion having
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an upwardly directed scaling lip 27¢ and the base of said
cup is molded or otherwise atiached to a supporiing col-
lar 29 which surrounds the mandrel akove said cnlarge-
ment 26, The lower cup comprises a body portion hav-
ing a downwardly directed sealing lip 284 and the base of
said cup is molded or attached to a supporting collar 29«
which surrounds the mandrel below the enlargement or
flange. The supporting collars are sscured to cach other
by a short nipple 30 which encompassces the enlargement
26 of the mandrel and with this arrangement the packer
cups or elements are retained in position on the mandrel.

The packer cup 27 is preferably provided with arcuate
slip sections 275 which are molded or otherwise secured
in the extericr surface of said cup and which have grip-
ping teeth formed thereon. When the packer cup 27 is
deformed outwardly into sealing engagement by the pres-
sure acting thereon, the slip szctions are displaced radially
outwardly to engage their tecih with the casing to assist
in hclding the packer in position. Similar arcuate slip
szctions 28D are embedded within the lower packer cup
28 and engage the casing when said cup is deformed out-
vardly into sealing pesition. It is evident that pressure
acting against the lower cup 28 will move its sealing lip
into sealing position while pressure acting downwardly on
the upper cup 27 will move the sealing lip thereof into
sealing engagement with the casing 1%. Therefore, the
packer elements are actuated by the differential of pres-
sure across the packer and regardless of which pressure
is greater, a proper and effective sealing with the wall of
the well casing is accomplished.

Co-acting with the upper and lower by-pass openings
24 and 25 is an elongate, tubular vaive sleeve 31 which
is slidable within the bore 22a of the mandrel. The valve
sieeve has the major portion of ifs outer surface of a
diameter less than the diameter of the bore 22¢ of said
mandrel, whereby an annular {low space or passage 32 is
formed between the parts. The exireme upper end of
the valve slecve has an enlarged annular flange 33 which
slidably fits the bore 22¢ and an annular sealing ring 24
which seals with the bore is carried by said flange.
Spaced downwardly from the upper annular flange 33 is
a second similar annular fiange 35 having a sealing ring
26 mounied thereon. A third annular flange or enlarge-
ment 37 is formed at the lower end of the valve sleeve
and has a sealing ring 38 therzin for slidably sealing with
the bore 224 of the mandrel. The valve sleeve 31 is
normally maintained in a rajsed position with respect to
the mandrel 22 by means of a frangible shear pin 39,
as illustrated in FIGURE 4.

With the valve sleeve in its raised position (FIGURE
4), the upper flanges 33 and 25 and their respective seals
34 and 35 are above the upper by-pass openings 24 while
the lower flange 37 and its scal 38 are below the lower
by-pass openings 25. In this position of the valve sleeve,
fluid entering the lower by-pass openings 25 from the
area below the packer flows upwardly through the an-
nular passage 32 formed between the exterior surface of
sleeve 31 and the bore 224 of the mandrel and then
passes outwardly through the upper by-pass openings 24
mto the area above the packer, whereby a free by-pass
of fluid through the packer and around the sealing ele-
ments 27 and 23 occurs. The valve sleeve 21 is in this
position during the lowering of the well packer into nosi-
tion and during the time that a circulation around the
packer is desired.

After the packer has been positioned and the circulat-
ing of fluid around the packer has been accomplished,
it is then desirable to close the by-pass passage 32. in
the form of the invention shown in FIGURES 1 to 5,
this is accomplished by dropping a closure 40, which is
illustrated as a ball, downwardly through the tubing
string T1. The closure or ball 49 is of a size to engage
the upper end of the sleeve 31 to close the Lore of the
sleeve and thereaficr the application of a fluid pressure
applies a downward force to the sleeve sufficient to frac-
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ture the frangible pin 39." When the frangible pin 39
is broken, the sleeve may move downwardly to the posi-
tion shown in FIGURE 5 with its lower end in engage-
ment with an annular seat or shoulder 41 provided at
the lower end of the mandrel 22. In such position the
uppermost seal 34 has moved to a position just above the
upper by-pass openings 24 while the seal 36 on the valve
sleeve has moved below said by-pass openings. With
the seals 34 and 36 dispossd on opposite sides of the
upper by-pass openings, flow through the annular pas-
sage 32 is effectively closed. It is then possible for the
differential of pressure acting across the packing elements
27 and 28 to move said elements into effective sealing en-
gagement with the well casing.

In FIGURES 4 and 5 the lowermost packer P1, hav-
ing the mandrel 22 extending axially therethrough, is
illusirated. In the case of the upper packer, the man-
drel 22 is disposed at one side of the packer so as to
provide space for the longitudinal opening or passage 14
which receives the second tubing string T2. The upper
packer P2 is provided with the same type of by-pass pas-
sage and the same type of valve sleeve 31. The omly
difference between the valve sleeve 31 of the upper packer
and the valve sleeve 31 of the lower packer is that the
bore 31a of the valve sleeve of the upper packer is larger
than the bore 3156 of the valve sleeve of the lower packer.
By making the bore 3ia of the upper packer valve sleeve
larger, the closure or ball 480 may be dropped down-
wardly and may pass through the valve sleeve of the
upper packer to seat upon the sleeve of the lower packer
to actuate the same.

After the valve sleeve of the lower packer has been
actuated, the ball 48 is removed by permitting an upward
flow through tubing string T1 which flows the ball to the
surface. However, if a different closure, such as a plug
is used, it may be removed by a wire line operation.
Thereafter, a second closure also shown as a ball 42,
which is of larger diameter, is dropped downwardiy
through the tubing string to engage the upper end of the
sleeve 31 of the upper packer P2. The application of
pressure thereafter will move the valve sleeve of the upper
packer downwardly to close the by-pass passage through
said upper packer. Upon subsequent flow of well fluids
upwardly through the tubing string Ti, the closure 42
will be carried back to the surface.and recovered or said
closure could be recovered by a suitable retrieving means.

Alihough the by-pass passage and the valve sleeve 31
of the upper packer P2 have been shown as communicat-
ing with the tubing string T3, it is apparent that said
by-pass and valve may be disposed within the passage 14.
In such case, the closure 42 would be dropped down-
wardly through the second tubing string T2 in order to
actuate the valve to close said by-pass.

The use and operation of the apparatus is believed evi-
dent from the foregoing. Packers P1 and P2 are con-
nected to the first tubing string T1 and each of these
packers has its valve sieeve 31 in a position maintaining
its by-pass 32 open; each sleeve, as above noted, is held
in such position by the frangible shear pin 39. The tub-
ing string T1 having the packers thereon is run into the
well bore and is properly positioned with respect to the
producing formations Fi and F2 as shown in FIGURE 1.
Since the by-pass 32 of each packer is open, a free flow
of fluid through the packers and past the sealing elements
thereof may occur and the pressures across the packing
cups 27 and 28 of each packer are equalized. There-
after, the second tubing siring T2 is lowered and has
its lower end connected in or engaged with the passage 14
of the upper packer P2.

The tubing string T1 is then landed in the tubing head
16 after which the second string T2 is properly supported;
thereafter, the upper end of the bore is closed by the cap
or closure 17. At this time the valve sleeves 31 of the
packers are still in a position holding the by-pass passage
32 open and any desired circulation downwardly through
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either tubing string and back upwardly through the an-
nulus may be carried out. This circulation or flow is
indicated by the arrows in FIGURE 2.

After the circulation step is complete, the first ball or
closure 40 is dropped downwardly through tubing string
T1 and this ball passes through the upper packer P2 to
finally land on the upper end of valve sleeve 31 of the
lower packer P1. Application of pressure through the
tubing string T2 sufficient to fracture the pin 39 moves
the vaive sleeve downwardly to the position shown in
FIGURE 5 to locate the seals 34 and 36 at the upper
portion of the valve sleeve 31 in a position spanning the
upper by-pass openings 24 whereby the by-pass passage
32 of the lower packer is effectively closed. After the
by-pass passage of the lower packer P1 has been closed,
upward flow from the formation F2 is permitted to flow
the closure 48 upwardly and out of the well.

The second closure or ball 42 is thereafter dropped
downwardly through the first tubing string T1 and such
ball seats npon the upper end of the valve sleeve 31 of
the upper packer P2. Application of pressure results in
fracturing the pin maintaining the valve sleeve of the
upper packer in its raised position with the result that
said sleeve moves downwardly to effectively close the
by-pass through the upper packer P2. Upon subsequent
upfiow of fluids through tubing T1, the closure or ball
42 is carried to the surface and thereby removed from
the well. With the by-pass passages through the pack-
ers closed, the differential of pressure across said packers
may act upon the packing cups 27 and 28 of said packers
to move one or the other thereof into effective sealing
engagement with the well casing. Thereafter, production
of well fluids from the formations F1 and F2 may be
carried out through the independent tubing strings T1
and T2.

In the form of the invention shown in FIGURES 1
through 5 the sleeve valve 31 of each packer is actuated
by hydraulic pressure applied through the tubing strings
after a closure or plug has been dropped into position.
In this first form the frangible she_v pin 39 is utilized to
initially retain the sleeve in position closing the by-pass
passage and the application of the pressure fluid shears
the pin and moves the sleeve to a position closing the
by-pass.

In FIGURE 6 a modified form of the invention is illus-
trated wherein a valve sleeve 131 is selectively moved
by means of a wire line tool 48. The structure of FIG-
URE 6 is substantially identical, insofar as the packer
is concerned, to the structure of the first form and in-
cludes the mandre] 22 having upper by-pass openings
24 and lower by-pass openings 25. The upper packer
cup 27, having its lip directed upwardly, and the lower
packer cup 28, having its lip directed downwardly, are
confined on the mandrel 22 in the manner heretofore
described.

Instead of the valve sleeve 31 of the first form, the
modification includes the valve sleeve 131 which is simi-
lar in construction except that it is not retained in posi-
tion by a frangible shear pin. The sleeve 131 includes
spaced upper seals 134 and 136 which are initially above
the upper by-pass openings 24; it also includes the lower
seal 138 which is initially disposed below the lower by-
pass openings. For initially retaining the sleeve 131 in
its upper position, which allows flow through the annu-
lar by-pass passage 32, the lower end of the sleeve 131
is provided with an annular, split snap ring 41 which is
engageable within an annular groove 42 formed in the
Jower portion of the mandrel 22. Spaced below the
groove 42 is a second groove 43, which is engageable by
the snap ring 41 when the sleeve is moved to a lower
position closing the by-pass passage 32.

The operation of the modification of FIGURE. 6 is
believed obvious. Initially the valve sleeve 131 is in its
raised position within the mandrel and is retained therein
by the fractional engagement of the snap ring 41 with the
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groove 42; in such position, the by-pass passage 32
and the packer may be lowered into position and
circulation carried out.

After circulation has been completed and it is desired
to close the by-pass, the actuating tcol 49 is lowered
downwardly by means of the wire line 46a. The tool 48,
which is of weil-known construction, has lower expan-
sible elements 44 which would expand to engage the
upper end of sleeve 131, whereby a downward force may
be applied to the sleeve to shift it to its lower position.
In such lower position the snap ring 41 will engage and
frictionally lock within groove 43. As has been ex-
plained, downward shifting of the sleeve will close the
by-pass passage 32.

Afiter the sleeve has been shifted, the tool 49 is removed
from the pipe string and returned to the surface.

If it should be desired to reopen the by-pass 32 for
any reason, tool 46 is again lowered and is passed down-
wardly through the bore of the sieeve to a point below
the sleeve. Upon subsequent upward movement of the
tool, expansible elements 45 will engage the underside
of the sleeve 131 in the manner chown in FIGURE &
so that an upward pull will return the siceve to its initial
upper position to reengage snap ring 41 with the groove
42. The tool 40 is so arranged that after the shifting
has been accomplished, the expansible elements 45 are
retracted to permit the tool to be removed from the
pipe string. The form of the invention shown in FIG-
URE 6 permits the valve sleeve to be selectively shifted
to selectively open and close the by-pass around the
packing cups as conditions may require.

The invention makes it possible to employ a pressure
differential setting type of packer in a well completion
apparatus which requires the circulation of fluid out of
the well bore prior to final effective scaling of the pack-
ers. In the pressure differential setting type of packer,
the sealing lips of the packer cups are constantly urged
toward a full sealing engagement. However, by. provid-
ing a by-pass which may be sclectively closed, the pack-
ing cup of the packers are rendered noneffective until such
time as the particular by-pass is closed.  The sleeve valve
which controls each by-pass is actuated from the surface
and is, therefore, under contro} of the operator.

The foregoing disclosure and description of the inven-
tion is illustrative and explanatory thereof and various
changes in the size, shape and materials, as well as in the
details of the illustrated construction, may be made
within the scope of the appended claims without depart-
ing from the spirit of the invention.

What I claim is:

1. A well completion apparatus including, a well cas-
ing within the well bore, a first well tubing string within
the well casing, a pair of well packers mounted in spaced
longitudinal relationship on said well tubing string, the
upper packer having a pair of passageways extending
therethrough, one of the tubing strings extending through
-one of the passageways of said upper packer, a separate
and independent second well tubing string extending
‘through the well casing and having its lower pertion con-
nected with the other of the passageways in the upper
packer, a well head assembly mounted at the upper end
of the well casing for controliing fluid flow through the
tubing strings and through the casing, support means in
said well head assembly for suspending said well tubing
strings longitudinally within the well casing, means com-
municating said first tubing string with the area below
the lower packer, means communicating said second tub-
ing string with the area between the packers, each packer
including an annular sealing means movable into sealing
engagement with the well casing for sealing with said well
casing, each packer also having a by-pass passage there-
in for by-passing flow from the area in the well casing
below the sealing means to the area in the well casing
above said sealing means when s2id sealing means is in
sealing engagement, and movable valve means forming
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part of each packer and associated with sald by-pass pas-
sage and movable to one position to open said by-pass
and movabie to a second position to close said by-pass.

2. A well completion apparatus as set forth in ciaim 1,
wherein each packer has its sealing means exposed to
fluid pressure thereabove and therebelow, whereby said
sealing means is actuated and moved into final sealing
engagement with the well casing by the differential pres-

ure thereacross, together with means for releasably re-
taining the valve means in a position opening the by-pass
passage whereby the packers may be lowered into the well
without moving the pressure-actuated sealing means into
sealing position, and means operable from the well sur-
face for releasing said retaining means to move the valve
means {0 a position clesing said by-pass passage, release
of the retaining means being effected while the tubing
sirings remain stationary within the well bore.

3. A well completion apparatus as set forth in claim 1
wherein the pressure-actuated sealing means oa each
packer comprises an upwardly directed sealing cup mem-
ber at the upper end of said packer and a downwardly
directed sealing cup member at the lower end of the
packer.

4. A well completion apparatus as set forth in claim 2,
wherein each valve means is a tubular sleeve elerent
slidable within a bore formed in its packer and wherein the
means for releasably retaining said sleeve in a position
opening the by-pass passage is a frangible pin, said means
for releasing said frangible pin comprising a plug adapted
to close the bore of the tubular sleeve element whereby a
predetermined fluid pressure sufficient to fracture said pin
may be applied to said sleeve element.

5. A well completion apparatus including, a first tubing
siring having its lower end communicating with a lower
vroducing formation, a lower well packer adapted to seal
with the well wall on the lower portion of the first tubing
string, a second well packer adapted to seal with the well
wall mounted on said first tubing string and spaced above
the first packer, a second tubing string connected to the
upper packer and having its lower end communicating with
a sccond formation between said packers, said lower
packer including a tubular support having a by-pass pas-
sage thersin, the lower end of said passage communicating
with the well bore annulus surrounding the first tubing
string below the lower packer and having its upper end
communicating with said annulus above said packer, a
tubular valve sleeve within the support movable to an
upper position to open the by-pass passage and movable
to a lower position to close the by-pass passage, means
releasably retaining the valve sleeve in its upper position,
said upper packer including a tubular suppert having a
by-pass passage therein, the lower end of said passage
communicating with the well bore annulus below the
upper packer and having its upper end communicating
with said well bore annulus above said upper packer, a
tubular valve sleeve within the support movable o an up-
per position to open the by-pass passage and to a lower
position to close said by-pass passage, micans releasably
retaining the vaive sleeve in its upper position, and means
actuated by fluid pressure within the tubing strings for
releasing the valve sleeves of both packers and moving
the same downwardly within their respective supports to
clese their respective by-pass passages.

€. A weil completion apparatus including, a first tubing
siring having its lower end communicating with a lower
producing formation, a lower well packer adapted to seal
with the well wall on the lower portion of the first tubing
string, a second well packer adapted to seal with the well
wall mounted on said first tubing string and spaced above
the first packer, a second tubing string connected to the
upper packer and having its lower end communicating
with a second formation between said packers, said lower
packer including a tubular support having a by-pass pas-
sage therein, the lower end of said passage communicating
with the well bore annulus surrounding the first tubing
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string below the lower packer and having its upper end
communicating with said well bore annulus above said
packer, a tubular valve sleeve within the support mov-
able to an upper position to open the by-pass passage
and movable to a lower position to close the by-pass
passage, means releasably retaining the valve sleeve in its
upper position, said upper packer including a tubular
support having a by-pass passage therein, the lower end
of said passage communicating with the well bore annulus
below the upper packer and having its upper end com-
municating with said annulus above the upper packer,
a tubular valve sleeve within the support movable to
an upper position to open the by-pass passage and to a
lower position to close said by-pass passage, means re-
leasably retaining the valve sleeve in its upper position,
the bore of the valve sleeve within the upper package being
larger in internal diameter than the internal diameter of
the bore of the valve sleeve within the lower packer, a
plug lowerable within one of the tubing strings and of
such size as to pass through the bore of the valve sleeve
of the upper packer but to engage the valve sleeve of the
lower packer, whereby fluid pressure within said tubing
may be applied to the valve sleeve of the lower packer
to release the retaining means and move the sleeve down-
wardly to close the by-pass through the lower packer, and
a second plug of a size larger than the bore of the valve
sleeve of the upper packer lowerable through one of
said tubing strings and engageable with the last-named
sleeve, whereby fluid pressure may be applied to said
valve sleeve of the upper packer to release the retaining
means and move the same downwardly to close the by-
pass passage.

7. A well completion apparatus as set forth in claim 5,
wherein each well packer includes packing means on its
exterior which is movable into sealing position with the
wall of the well bore by the pressure differential acting
across said packer.

8. A well completion apparatus as set forth in claim 6,
wherein each well packer includes packing means on its
exterior which is movable into sealing position with the
wall of the well bore by the pressure differential acting
across said packer.

9. A well completion apparatus as set forth in claim 5,
wherein each well packer includes a pair of superposed
elastic sealing cup elements, the sealing lip of the upper
cup being directed upwardly and the sealing lip of the
lower cup being directed downwardly.

10. A well packer including, a tubular support having a
lower by-pass opening and an upper by-pass opening, a
packing means actuated by the pressure differential there-
across mounted on the exterior of the support and located
between the upper and lower by-pass openings, a valve
sleeve slidable within the bore of the support and having
a length greater than the spacing between the upper and
lower by-pass openings, a portion of the sleeve being of
less external diameter than the diameter of the bore of
the support to define a by-pass passage around the packing
means, sealing means for sealing the upper and lower ends
of the valve sleeve with the bore wall of the support
whereby when the sleeve is in a position with its upper
end above the upper by-pass opening and its lower end
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below the lower by-pass opening said by-pass passage is
open, and means for releasably retaining the valve sleeve
in said position permitting flow of fluid through the by-
pass passage whereby pressure across the packing means
is equalized and flow around said packing means may
oceur.

11. A well packer as set forth in claim 10, wherein
the packing means comprises a pair of annular sealing
cups, the upper cup being directed upwardly and the lower
cup being directed downwardly.

12. A well packer as set forth in claim 10, together
with means for releasing said retaining means to permit
downward movement of said valve sleeve, means within
the tubular support for limiting said downward movement
of the valve sleeve to a predetermined distance to locate
the upper portion of the sleeve and its sealing means be-~
tween the upper and lower by-pass openings to thereby
close the by-pass passage.

13. A well packer as set forth in claim 10, wherein the
means for releasably retaining the valve sleeve in position
allowing flow through the by-pass passage is a frangible
element, a closure adapted to be lowered within the tubing
string to close the bore of the valve sleeve, whereby a
fluid pressure may be applied to the valve sieeve to frac-
ture the element and move the valve sleeve downwardly,
and means for limiting downward movement of said sleeve
to locate its upper portion and the sealing means thereon
between the by-pass openings to close said by-pass pas-
sage.

14. A well packer including, a tubular support having
a lower by-pass opening and an upper by-pass opening,
packing means mounted on the exterior of the support
and movable into a final sealing engagement with the
wall of the well bore, said packing means being located
upon the support between the upper and lower by-pass
openings, a valve sleeve slidable within the bore of the
support and having a length greater than the space be-
tween the upper and the lower by-pass openings, a por-
tion of the sleeve being of less external diameter than
the diameter of the bore of the support to define a by-
pass passage around the packing means, sealing means
for sealing the upper and lower ends of the valve sleeve
with the bore wall of the support whereby when the sleeve
is in a position with its upper end above the upper by-
pass opening and its lower end below the lower by-pass
opening said by-pass passage is open, and means for
releasably retaining the valve sleeve in said position per-
mitting flow of fiuid through the by-pass passage, whereby
pressure across the packing means is equalized and flow
arcund said packing means may occur.
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