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The present invention relates to well tools, and
more particularly to sub-surface well tools em-
ployable in the testing, cementing, acidizing,
washing, efec., of well bores.

It is an object of the invention fo provide a
tool capable of use for making water shut-off
tests, production tests, and the like, as well as
squeeze cementing, plastic plugeging, acidizing,
and similar operations following or prior to such
tests, without withdrawing the tool from the
well bore.

Another object of the invention is to provide
a well apparatus adapted to perform both pro-
duction testing and squeeze cementing opera-
tions without danger of the apparatus being
forced up the well bore during the squeeze ce-
menting operation. ‘

Still another object of the invention is to pro-
vide a well tool embodying a valve operable hy-
draulically by manipulation of the running-in
string attached to the well tool.

This invention has other objects which will
become apparent from a consideration of the
apparatus shown in the drawings accompanying
and forming part of the present specification.
This apparatus will be deseribed in detail to illus-
trate the general principles of the invention, but
it is to be understood that such detailed desecrip-
tion is not to be taken in a limited sense, since
the scope of the invention is best defined by the
claims appended hereto.

Referring to the drawings:

Fig. 1 is a longitudinal sectional and elevation
view of a well casing and a well tool operable
therewithin. :

Fig. 2 is a longitudinal section, on an enlarged
scale, of the valve mechanism,

Fig. 3 is a longitudinal section, on an enlarged

scale, of the valve mechanism disclosed in Fig. 1,
with the valve in cpen position.

As disclosed in the drawings, the apparatus
includes a lower well packer A and an upper
valve mechanism B adapted to be run in a well
casing C on a2 tubular string D to a desired set-~
ting or operating voint. The well packer is par-
ticularly designed for anchoring in packed-off
condition against longitudinal movement within
the casing in an upward direction. For this pur-
pose, the mandrel or body 18 of the packer, which
is of the retrievable type, has a lower abutment
{i secured thereto and a sleeve type of packing
12, of rubber or corresponding material, disposed
above the abutment and around the body. The
upper end of the packing engages the lower end
of a slip expander {8 having upwardly and. in-
wardly tapering expander surfaces 14 engageable
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with companion surfaces on slips 15 which are
suitably coupled to a sleeve 16 forming part of a
drag device 11. The drag device consists of a
plurality of drag springs {8 frictionally engaging
the wall of the well casing C, with their lower
ends connected to the upper end of the sleeve {6
and their upper ends to a collar 19 slidably
mounted upon the mandrel 10 of the tool.

The well packer A shown is of the retrievable
type, specifically illustrated and described in the
patent of Reuben C. Baker, No. 2,368,400, pat-
ented January 30, 1945, to which reference may
be had for further particulars. For purposes of
understanding the present invention, it is suffi-
cient to state that the retrievable packer is run
in the well casing with its slips 15 and packing 12
in retracted positions, and that whenever the
packer is to be set, an upward pull is taken on its
mandrel 0 to move the slips {5 radially outward
in firm anchoring engagement with the casing C,
and to expand the packing 12 into leakproof en-
gagement with the wall of the casing. Converse-
ly, lowering of the tubular mandrel I8 effects
retraction of the slips and packing, whereupon

5 these elements can be locked in such retracted

positions by a suitable lock device 20 (details not
shown) to enhable the packer to be moved up-
wardly and retrieved from the well casing. One
form of lock is disclosed in the patent referred
to above. . .

The valve mechanism B is connected to the
upper end of the tubular packer mandrel or hody
{0 through the agency of a suitable coupling or-
collar 21 threaded thereon. The other end of the
coupling 21 is threaded on the lower portion 22
of a tubular valve body 23, telescopically ar-
ranged within a cylinder 24 threaded to the lower
end of the tubular string D running to the top of
the well bore, by means of which the entire appa-
ratus is moved longitudinally within the well
casing. The tubular body 23 is disclosed as being
made in two sections, including the lower section
22 threaded into the coupling collar, and also
threadedly attached to an upper body section 26,
whieh, in turn, is threaded into a piston 27 hav-
ing a central passage 28 therethrough. This
viston carries suitable side seals 29 on its periph-~
ery for slidable sealing engagement with the wall
of the cylinder 24 to prevent leakage of fluids
therebetween in hoth: longitudinal directions.
The cylinder 24 is also provided with a lower
cylinder head 38 threaded into its skirt 25, and
having inner side seals 31 slidably engaging the
exterior of the body 22 to prevent leakage there-

.. hetween in both longitudinal directions.

The lower end of the upper body member 26 is
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formed as a valve seat 32 adapted to be engaged
by a valve head 33 secured on a valve stem or pis-
ton rod 34 extending upwardly within the upper
body member 2§ into an inner cylinder 35 dis-
rosed in the latter. This cylinder is of substan-
tially smaller diameter than the inside diameter
of the upper body section 26 to provide a sub-
stantial annular space 36 therebetween through
which fluids may flow. This annular space is
communicable with the central passage 28 in the
upper piston 27.

The upper end of the valve stem or piston rod
24 is secured to a piston 237 having suitable pack-
ings or piston rings 38 engageable with the wall
of the inner cylinder 35, to prevent fluid leakage
therebetween in both longitudinal directions.
The piston &7 and the valve head 3% connected
thereto are urged in an upward direction, to
tend to maintain the latter in engagement with
the seat 32, by a compressed helical spring 3%,
whose lower -end engages a retainer 43 threaded
into the lower end. of the cylinder 25 and through
which the rod 84 extends, and whose upper end
engages the piston 37.

The piston 37 is moved downwardly to effect
corresponding downward movement of the valve
head 38 from its.seat 32 by hydraulically cper-
able means., The upper -end .of the cylinder 35
is communicable with lateral passage 41 formed
in a generally T-shaped member 42 suitably se-
cured to the piston 27.and extending across its
central passage 28. The outer ends of the lat-
eral branches 4f of the T-shaped member are
communicable with longitudinal passages 43 ex-

tending downwardly through the piston 27 and

communicating with the annular cylinder space
44 between the cylinder 24 .and valve body 23.
It is to be noted that there is no fluid communi-
cation .between the central piston passage 28, or
the annular valve passage .36, and the inner cyl-
inder space 4% above the piston 37, the T-shaped
member lateral fluid passages &{, and the an-
nular chamber 44 between-the outer cylinder and
tool -body. In fact, these last-mentioned ele-
ments are enclosed (dn-order to.confine a liguid
48, such :as light oil, therein, for a purpose to
be later described. Such oil-may be introduced
into-the chamber through.a filler hole 47 extend-
ing longitudinally :threugh the lower cylinder
head 30 and closed by a suitable plug 48 threaded
into the lower end of the latter.

‘When it is desired to effect opening of the
valve by moving the valve head 33 downwardly
from ifs cooperable -seat 32, the tubular string

D is moved upwardly to move the:outer cylinder ;

24, including its attached cylinder head -30, up-
wardly with respect to the valve body 23 and
upper piston 27. .Such motion imposes a pres-
sure upon the oil .46 in .the chamber 44, fluid
passages 43, T-connection 42 and inner cylinder
space -45, exerting a-downward force on the pis-
ton 27 .and its attached valve -stem 34 which,
when sufficient, overcomes the force of the spring
38 and moves the valve head 33 downwardly
from-its seat 32, which-then enables fluid to pass
in ‘both longitudinal directions .between the tu-
bular -string D -and the lower section 22 of the
valve body, such fluid flowing through-the valve
seat 32, -annular space 26 and central piston
passage .28. Of .course, as the cylinder head 3@
is ‘moved ‘upwardly foward the -piston 27, the
light oil 456 or other fluid pressure transmitting
medium is moved into the upper inner cylinder
space 45 and forces the piston 37 downwardly in
the manner described.
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Conversely, when the valve is to be closed,
the tubular string D and attached outer cylinder
24 are moved downwardly relative to the piston
27 and valve body 23, which enables the spring
38 to move the inner piston 37 upwardly and force
the oil 456 back into the chamber 44, also reen-
gaging the valve head 23 with its seat 32 to
prevent upward movement of fluid ‘through the
valve seat 32, annular passage 35 and central

piston passage 28.

‘In effect, the outer cylinder 24, body 23 and
large piston 27 -constitute a fluid pump, and the
inner cylinder 35 and piston 37 a fluid motor
communicable with the pump through the T-
member.42-and longitudinal passages 43.

The valve mechanism B and packer A attached
thereto have a variety of uses, including per-
formance of ‘& water shut-off or production test
followed by a squeeze cementing operation,
without moving the equipment within the well
casing C. If it is desired to determine the ef-
ficacy of a cement job disposed behind the cas-
ing, the.apparatus is lowered to a location imme-
diately above the poinf at which the cementitious
material had been ejected from the well casing,
28 immediately above a shoe or collar (not
shown). The tubular string D is dry, since the
valve 23 engages its seat 32 during the running-
in operation and prevents any fuid in the well
casing from flowing upwardly through the valve
mechanism. No pressure is imposed on the oil
48 in the chamber 44 during the running-in op-
eration, since the direction of the longitudinal
force on the cylinder 24 is downward, which will
not result in the transmission of -any effort to
the inner piston 27 through the intervening hy-
draulic medium 46. Inlowering the tool through
the well casing, the downward telescoping of the
cylinder 24 and its head 30 over the piston body
23 s limited by engagement of the upper end of
the piston 27 with a shoulder 48 at the upper end
of the cylinder 24.

When it is desired to determine the effective-
ness of the cementing operation,. an upward
strain is taken on the tubular string D, which
first causes -the tapered expander {3 to anchor
the slips {5 firmly against the casing C, and then
causes the packing {2 to be compressed between
the lower abutment i1 and expander 13 and
expanded infto firm sealing engagement with the
well casing, thereby preventing the hydrostatic
head of fluid in the annulus above the packing
{2, and between the casing -C and tubing string
D, from being subjected upon .the formation. A
continuation of the upward pull or strain on
the tubular string D engages the packing {2 and
slips {5 more firmly with the casing, and also
causes .a displacement of the oil 46 in the cham-
ber 44, passages 43 and T member 42 into the
inner cylinder 335, the pressure incident to such
displacement forcing the piston 37 downwardly
and moving the valve head 33 downwardly from
its -seat 32, thus effecting communication be-
tween the formaftion and the.interior of the tub-
ing string D, which, as indicated above, is initially
devoid of fluid-and is, accordingly, at atmospheric
pressure.

If -the cement job disposed behind the easing
is -defective, water or gas, as the case may be,
passes - upwardly through the unobstructed tubu-
lar body or mandrel 10 of the well packer A,
through the lower -valve body -section 22, and
through ‘the -open valve 32,33 into the annular
passage 36 around the inner cylinder 26, moving
upwardly -through the central piston passage 28
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into the tubular string D. After opening .of the
valve has been permitted to continue for any
desired time, the tubing string may be lowered,
which enables the spring 39 to shift the piston
31 upwardly and engage the valve head 33 with
its seat 32, thus preventing any further upward
flow of fluid through the apparatus. - The spring
39 is preferably made relatively strong so as to
prevent any fluid that may be contained within
the tubular string D from imposing sufficient
downward force on the valve head 33 to effect
its opening as the tool is withdrawn from the
well casing. Accordingly, the valve remains
closed and the fluid sample within the tubular
string is withdrawn to the top of the well bore,
if the apparatus is then removed from the well
casing C. )

In the event the cement deposited behind the
casing has not effected a proper water or gas
shut-off, the tool may be allowed to remain in
the same location. If the downward movement
of the tubular string D to reclose the valve has
effected retraction of the slips. 15 and packing 12,
they may again be expanded against the casing C
by the taking of an upward pull on the tubular
string, which may or may not be sufficient to
create sufficient pressure in the chamber 44 to
displace the oil 46 downwardly in the cylinder
35 to move the valve member 33 to open position.
During subsequent pumping of cement slurry
through the tubing string D to recement the cas-
ing, fluid pressure need not necessarily be pro-
duced, since the valve head 33 can be forced from
its seat 32 against the action of the spring 39
by the pressure imposed on the cement slurry and
displacement fluid within the tubular string.
This charge of slurry is pumped down the tubu-
lar string flowing downwardly through the tool
and discharging from the lower end of the packer
body 10, thence passing outwardly of the casing
C to fill the voids or channels that might have
existed in the previous hardened cement de-
posited behind the well casing. After the desired
squeeze pressure has been built up and sufficient
additional cement has been placed behind the
casing C, the bleeding off of the pressure in the
tubular string D allows the valve head 33 to re-
engage its seat 32 and prevent return flow of
the cement slurry into the casing. The tubular
string D may then be lowered to effect retraction
of the slips {5 and packing 12 from the well cas-
ing, such elements being locked in their re-
tracted positions, and the entire apparatus with-
drawn from the well bore.

It is, accordingly, apparent that an apparatus
has been provided which is capable of resisting
pressures, including comparatively high pres-
sures, actihg upwardly on the well packer A and
tending to pump it up the hole, and which also
has a valve mechanism B which can be controlled
through movement of the tubular string D in
the same direction as is required for anchoring
the packer in packed-off condition against the
well casing C. The apparatus lends  itself to
both formation testing and squeeze cementing
without the necessity for running a separate tool
in the well bore for each operation at separate
times, thus effecting substantial economies in
both testing and squeeze cementing the forma-
tion. :

The  valve mechanism B itself is operable
through the simple expedient of moving the tubu-
lar string D, and may be used with other devices
than the well packer A disclosed and may be

used alone, if desired. It is to be noted that,
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in a more limited sense, it effects opening of a
valve in one direction upon movement of its
control and operating devices in the opposite
direction.

While I have shown the preferred form of my
invention, it is to be understood.that various
changes may be made in its construction by those
skilled in the art without departing from the
spirit of the invention as defined in the appended
claims.

Having thus described my invention, what I
claim and desire to secure by Letters Patent is:

1. Well apparatus, including inner and outer
members telescopically arranged with respect to
each other and defining an annular fluid pres-
sure chamber therebetween, means providing a
passage non-communicating with said chamber,
said passage being communicable with a region
externally of the apparatus, a fluid medium in
said chamber, a valve device in said inner mem-
ber controlling fluid flow through said passage,
and means in said inner member communicable
with said chamber and engaging said valve de-
vice for operating said valve device in response
to pressure imposed on said fluid medium upon
telescopic movement between said members.

2. Well apparatus, including a body having a
fluid passage, an outfer cylinder around said body
and spaced therefrom to form an annular fluid
pressure chamber therewith, a valve seat on said
body surrounding said passage, an inner cylin-
der within said body, a valve head engageable
with said seat to close said passage, means en-
gaging said head and including a piston in said
inner cylinder, and means providing a fluid pas-
sage communicating with said chamber and inner
cylinder. .

3. Well apparatus, including a tubular body,
an outer cylinder around said body and spaced
therefrom to form an annular fluid pressure
chamber therewith, an inner cylinder within said
body and spaced therefrom to form an annular
passage, a valve seat on said body surrcunding
said passage, a valve head engageable with said
seat to close said passage, means engaging said
head and including a piston in said inner cylin-
der, spring means for urging said head in one
direction into engagement with said seat, a
fluid medium in said chamber, and means pro-
viding a fluid passage communicating with said
chamber and inner cylinder to enable relative
movement between said body and ouber cyl-
inder to generate pressure in said fluid medium
and impose such, fluid pressure medium on said

_ piston to urge said head from engagement with

said seat.

4. Well apparatus, including first and second
members movable with frespect to each other
and cooperatively providing an expansible. fluid
pressure chamber, means. providing a passage
non-communicating with said chamber, said
passage being communicable with a region ex-
ternally of the apparatus, said passage having a
valve seat therein, a valve head engageable with
said seat, a cylinder communicating with said
chamber, means. engaging said head and in-
cluding a piston slidable in said cylinder, and
a fluid medium in and between said chamber
and cylinder, said medium having pressure im-
posed upon it in response to relative movement
between said members to cause said fluid pressure
medium to pass into said cylinder to shift said
piston and head relative to said valve seat.

5. Well apparatus adapted to be lowered in
a well bore on a running-in string, including a




7
passage having a valve seat, a valve head en-
gageable with said seat, fluid pressure operable
means-engageable with said head for moving said
head with respect to said seat, and means at-
tachable to said running-in string and operable
by said running-in string when said running-
in string is moved for generating fluid pres-
sure that is non-communicating with said pas-
sage and for imposing such fluid pressure upon
said fluid pressure operable means.

6. Well apparatus adapted to be lowered in a
well bore on a running-in string, including a well
tool ‘having normally retracted means movable
laterally outwardly in response to movement .of
said running-in string in one longitudinal direc~
tion, said weil tool having a passage for the flow of
fluid through the tool from the exterior thereof,
a valve for controiling fluig flow through said
passage and movable {o open position in a
longitudinal direction ‘which is opposite to the
longitudinal direction in which the running-in
string is moved when said normally retracted
means is moved outwardly, and means -operable
by moevement of said running-in string in said
one longitudinal direction for moving said valve
in said opposite longitudinal direction to open
position.

7. Well apparatus .adapted to be lowered in
a well bore on a running-in string, including
a well tool having normally retracted means
movable laterally outward in response to upward
movement of said running-in string, said well
tool having a passage for the flow of fluid
through the toel from the exterior thereof, a
downwardly opening valve for controlling fluid
fiow through said tool passage, .and means con-
nectible to the running-in string and operable
by the running-in string when the running-in
string is moved upwardly relative to the well
tool to move said valve downwardly to open
position.

8. Well apparatus adapted to be lowered in
a well bore on a running-in string, includ-
ing a well tool having normally retracted means
movable laterally outward in response to upward
movement of the running-in string, said well
tool having a passage for the flow of fluid through
the tool from the exterior thereof, a valve de-
vice for controlling fluid flow through the tool
from -the exterior thereof, a valve device for
controlling fluid Aow through said tool passage,
a pump device connected to the well tool .and
connectible to the running-in string and oper-
able by the running-in string when the running-
in string is moved upwardly relative to the well
tool to generate pressure in fluid in said pump
device, and means for conducting said fluid
under pressure to said valve device to operate
the sanie.

-9, Well .apparatus adapted to be lowered in
a well bore on a running-in string, including a
well tool having normally retracted means mov-
able laterally outward in response to movement
of the running-in string, said well tool having
5 passage for the flow of fluid -through the
tool from the exterior thereof, a valve device for
controlling fluid flow through said passage and
into ‘the running-in string, -a pump device con-
nected to the -well tool and connectible to the
running-in string and operable by the running-
in string when the running-in ‘string is moved
relative to the well tool to generate pressure in
fluid in said pump device, and means for con-
ducting said fluid under pressure to said valve
device to operate the same.
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10. Well apparatus adapted to be lowered in
a well conduit on a running-in string, including
a packer adapted to be anchored to the conduit
in response to longitudinal movement of the
running-in string, said packer having a passage
for the flow of fluid. through the packer from
the exterior thereof, a2 normally closed valve de-
vice for eontrolling flow of fluid through said
packer passage and into the running-in string,
a pump device connected to the packer and con-
nectible to the running-in string and operable
by the running-in strihg when the running-in
string is moved longitudinally relative to the
packer to subject fluid in said pump device fo
pressure, and means for conducting said fluid
under pressure to said valve device to open the
same. :

11. Well apparatus adapted to be lowered in
a well conduit on a running-in string, including
a packer adapted to be anchored to the conduit
against upward movement in response to upward
movement of the running-in string, said packer
having a passage for the flow of fluid through
the packer from the exterior thereof, a normally
closed valve device for contrelling flow of fluid
through said packer passage and into the run-
ning~in string, a pump device connected to the
packer and connectible to the running-in string
and operable by the running-in string when the
running-in string is moved upwardly relative to
the packer to subject fluid in said pump device
to pressure, and means for conducting said pump
fluid under pressure to said valve device to shift
the same downwardly to open position.

12. Well apparatus, including a tubular body,
an outer cylinder around said bedy in slidable
sealing engagement therewith to form an annu-
lar fluid pressure chamber, an inner cylinder
within said body and spaced therefrom io form
an annylar passage non-communicating with
said chamber, a valve seat on said body sur-
rounding said passage, a valve head engageable
with said seat to close said passage, means en—
gaging said head and including a piston in said
inner cylinder, and means providing a fluid pas-
sage communicating with said chamber and inner
eylinder to enable fluid under pressure fo act
upon said piston to urge said valve head in one
direction with respect to said seat.

13. Well apparatus, including inner and outer
members movable with respect to each other and
cooperatively defining a fluid pressure chamber
therebetween, one of said members having a pas~
sage therethrough non-commnunicating with said
chamber but communicable with a region exter-
nally of said one member, a valve for closing said
passage, a fluid medium in said chamber pres-
surized upon relative movement between said
members tending to reduce the volume of said
chamber, and fluid operable means engageable
with said valve and communicable with said
chamber, in order that said fluid operable means
is subject to the pressure of said fluid medium
to operate said valve.

14. Well apparatus, including inner and outer
members telescopically arranged with respect-to
each other and cooperatively defining a fluid
pressure chamber therebetween, said inner mem-
ber ‘having -a passage therethrough non-commu-
nicating with said chamber but communicahble
with ‘a region externally of said inner member,
a wvalve for closing said passage, a fuid medium
in said chamber pressurized upon relative longi-
tudinal -movement between said members tend-
ing 4o reduce the volume .of said chamber, and
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fluid operable means engageable with said valve
and communicable with said chamber, in order
that said fluid operable means is subject to the
pressure of said fluid medium to operate said
valve.

15. Well apparatus, including a tubular body
having a piston, an outer cylinder slidable along
said piston and having a head slidable along
said body, said body and cylinder forming an
annular chamber therebetween, an inner cylin-
der within said body and spaced therefrom to
form an annular passage non-communicating
with said chamber, a valve seat on said body
surrounding said passage, a valve head engage-
able with said seat to close said passage, means
engaging said valve head and including a piston
in said inner cylinder, and means providing a
fluid passage communicating with said chamber
and inner cylinder to enable fluid under pres-
sure to act upon said piston to urge said valve
head in one direction with respect to said seat.

16. A well tool adapted to be lowered in a well
bore on a running-in string, including relatively
movable parts cooperable with each other to per-
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form a function in said well bore, a fluid motor
engageable with one of said parts to move the
same, and a fluid pump communicable with said
motor and operable by manipulation of said run-
ning-in string.

ROSCOE O. CHILDERS.
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