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This invention relates to apparatus adapted
for use in oil wells or the like and more particu-
larly to a formation tester provided with means
for perforating casing in the well.

It is common practice in the art of producing
oil to cement a casing in place in the well and
then perforate the casing, as by means of a gun,

at the horizons where it is thought that oil or

gas occurs. After the casing is perforated the
formations are tested for oil or gas.

In accordance with the present invention, it is
proposed to perforate the casing and test the for-
mation practically simultaneously and by means
of a single operation. The casing adjacent the
zone to be tested is first packed off from the re-
mainder of the well by means of one or more
packers lowered into the well on empty drill pipe
or tubing. A valve in the drill pipe is then opened,
connecting the drill pipe to the packed off por-
tion of the casing. This portion of the casing
is then perforated to allow fluid to enter it from
the zone tested and flow through the valve into
the drill pipe. The valve is then closed, the
packer or packers released and the apparatus re-
moved from the well with an uncontaminated
sample of the formation fluid in the drill pipe.

By testing in this manner several important
advantages over known procedure are obtained.

The sample of the fluid is obtained quicker and
at less expense since both the perforating and
testing are done in one operation.

The sample of the fluid is obtained practically
simultaneously with the perforating so that it is
more apt to be uncontaminated and representa-
tive of the fluid in the formation being tested.

The hydrostatic pressure of the mud or other
fluid in the well is largely relieved before the gun
is fired. ‘This is important since it makes it
possible to insure against bursting of the casing
(as is apt to occur where a gun is fired in an in-
compressible liquid in the casing) without resort-
ing to special and expensive means.

Accordingly, it is one object of the invention
to devise a combination formation tester and cas-
ing perforating device which will be capable of
practically simultaneously perforating the casing
and testing the formation of an oil well.

Tt is a further object of the invention to devise
means adapted to perforate the casing of an oil
well and obiain an uncontaminated sample of
the fluid in the formation of the well on the out-
side of the casing by causing the fluid to flow
through the perforations so made.

It is a further object of the invention to pro-
vide means and methods for obtaining an un-
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contaminated sample of fluid in the formation of
& well by sealing off a portion of the casing ad-
jacent the formation to be tested, perforating
this portion of the casing, allowing the fluid to
flow through the perforations into drill pipe or
other receptacle and then closing a valve so that
the sample may be brought to the surface of the
well uncontaminated by mud or other fluid in
the well.

It is a still further object to provide means
and methods for perforating casing filled with
incompressible liquid while insuring against
pursting of the casing.

Other objects and advantages reside in certain
novel features of the arrangement and method,
as will be more apparent from the following de-
scription taken in connection with the accom-
panying drawings, in which:

Figure 1 is a vertical fragmentary side view
partially in cross-section of the upper portion of
a combination tool constructed in accordance
with the principles of the invention, the tool be-
ing shown as located within an oil well;

Pigure 2 is a vertical cross-sectional view of
the central portion of the combination tool of
Figure 1;

Figure 3 is a view partially in cross-section and
partially in side elevation of the lower. portion
of the combination tool shown in Figures'l and 2,
Figures 1, 2 and 3 showing contiguous parts of
the same device;

Figure 4 is a view in side elevation of the upper
portion of a modified form of the invention; and

Pigure 5 is a view in side elevation of the lower
portion of the combination tool of Figure 4,
Pigures 4 and 5 showing contiguous parts of the

“same device.

Referring to the drawings in detail, and first
to the embodiment of the invention shown in
Figures 1, 2 and 3, it will be seen that the ap-
paratus is there shown as located within an oil
well {1 which is provided with a casing (2, the
casing béing held in place by means of a body
of cement 3. The apparatus may be lowered
into the well by means of tubing or drill pipe
{4 to which it is connected by a suitable collar 15.

The upper portion of the apparatus shown in
Figure 1 is in general constructed the same as a
known type of formation tester known in the
trade as a “Halliburton J type tool”. The con-
struction of this tool is shown and desecribed in
detail in the United States patent to Erle P.
Halliburton, Reissue No. 20,688 of April 5, 1938,
on original Patent 2,092,062 dated September 7,
1937, for “Apparatus for testing oil wells”.
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Other types of testing tools may be used, as will
readily be appreciated by those skilled in the art.

As shown herein, the formation tester per se
includes a cylindrical body 16 carrying at its
lower end a valve seat §T against which the valve
8 is adapted to seat under the influence of a coil
spring 19. The upper end of the valve stem 20
is provided with an enlarged portion 21 against
which a mandrel 22 is adapted to abut to force
the valve 18 open. While the apparatus is being
lowered into the well the mandrel is held away
from the valve by means of a pin and slot con-
nection shown in dotted lines at'23 and 24. Upon
the drill pipe {4 being rotated to the right as
viewed from the top, the mandrel 22 which car-
ries the pin 23 will likewise be rotated and
brought into the longitudinally extending portion
of the J slot 24 so that when the drill pipe is fur-
ther lowered with respect to the main body {6
of the tool the mandrel will move downwardly
and open the valve. The main body 16 of the
tool is preferably provided with hydraulic means
for maintaining the parts in the proper position

.and for otherwise aiding in the operation of the

tool as is now well known to those skilled in the
art, but inasmuch as the present invention is not
particularly concerned with this feature, it has
not been shown in detail herein.

In accordance with the present invention, the
formation testing tool has been modified to the
extent that a depending rod 25 is integrally con-
nected to the valve 8. This rod extends down-
wardly through a stuffing box or gland 26 located
in a sub 27 connected onto the main body 16 of
the formation tester beneath the valve. The sub
is provided with a number of bore holes or pas-
sageways 28 throughout its entire length so that
fluid may flow from a point beneath the sub up-
wardly and into the mandrel 22 and the drill pipe
{4 when the valve 18 is opened.

Near its lower end the sub 27 is provided with
an insulating plug 29 held in place by any suit-
able means such as the packing nut 30. By this
construction a chamber 31 is formed which is
effectively sealed from the space above and below
the sub, with the rod 2% extending into it at its
upper end. .

Within the chamber 31 an electrical switch
contact 82 is provided, this switch contact pref-
erably being of the type in which a leaf spring
is employed. The switch contact is connected
to a battery 46 which in turn is connected to an
electrical conductor 33 which is heavily insulated.
The conductor extends downwardly through the
insulating plug 29. If desired, the insulated con-
ductor 33 may be provided with an armor of wire,
in accordance with known practices. The con-
ductor 33 is connected to any known gun firing
means at its lower end, the firing means being
In turn grounded on the apparatus. The gun fir-
ing circuit is thus closed when the valve 18 opens
and the rcd 25 moves downwardly to engage the
switch contact 32, to ground this side of the
battery.

Connected onto the lower end of the sub 27 is
the upper shoe 34 of a packer 35. "The upper shoe
34 preferably cooperates with an upwardly ex-
tending sleeve on the lower shoe 36 of the packer.
Between the sleeve and the shoe 34 suitable pack-
ing may be provided, as shown at 317, this being
desirable in case the gun is to be sealed from the
mud in the well while being lowered into position.

The construction of the packer 35 and the
shoes 34 and 36, except for the features already
mentioned, may be the same as that of sn ordi-
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nary hook wall packer. Such a packer may have
a wedge body 38 integrally connected with the
lower shoe 36 and adapted to control slips 39
mounted by leaf springs 80 carried by a collar 41
which is prevented from rotating in the casing
by means of drag springs 42. The assembly just
described may be mounted upon a section of pipe
43 which extends downwardly from and is con-
nected to the lower shoe of the packer.

Connected to the lower end of the pipe 43 is a
strainer or section of perforated pipe #4 and to
the lower end of this a gun 45 for pverforating
casing is attached.

Guns for perforating casing are now well known
to those skilled in the art and for this reasen the
construction of the gun has not been shown
herein in detail. Any suitable gun may be em-
ployed, for example, the gun shown in the British
patent to Delamare-Maze, No. 287,839, complete
accepted February 26, 1929, for “A device for
perforating oil well casings in situ”. As taught
in this British patent, the gun may be provided
with a number of barrels containing projectiles
which may be shot from the barrels either simul-
taneously or in succession and which may be fired
either electrically or by fuse. As illustrating
the preferred form of the invention, the present
arrangement has been illustrated as having elec-
trical means for firing at least the first shot and
it is for this purpose that the electrical conduec-
tor 33 and the switch 25—32 has been provided.

The battery 46 used in supplying the motive
power for the firing of the gun is preferably
located within the chamber 31 as mentioned above
but may be located in any other convenient place,
if desired. For purpose of illustration, only one
battery 46 has been shown, but obviously as
many may be used as are necessary.

Beneath the gun 45 a bull plug or closing mem-
ber 41 is provided. If desired, a pressure re-
cording apparatus or “pressure bomb” may be
located in this part of the assembly in accord-
ance .with the usual practice in the formation
tester art.

To keep the interior of the assembly dry while
it is being' lowered into the well, and also to pro-
vide an air chamber around the gun as taught
in the British patent referred to above, an outer
sleeve 48 may be provided around the gun 45
and the strainer 44.
is additional safety in operation due to the fact
that there is less danger of liquid entering the
chamber 3f and prematurely grounding the
switch contact 32. 'Also the powder in the gun is
better protected and the gun barrels need not
be individually sealed against the entrance of
mud.

However, an important advantage results when
the sleeve 48 is left off of the tool (as shown in
Figures 4 and 5) or is used merely to protect the
gun without covering the strainer 44. If the
sleeve 48 is left off, the pressure of the mud in
the well beneath the packer is relieved when the
valve I8 is opened and since this occurs just prior
to the firing of the gun, it will be apparent that
the gun is not being fired into a body of incom-
pressible liquid under high hydrostatic pressure,
as would otherwise be the case. The liquid in
the packed off portion of the casing has an avenue
of escape into the empty drill pipe and is sub-
jected only to atmospheric pressure or substan-
tially that pressure when the gun is fired instead
of the pressure of the entire weight of mud in
the well. The danger of bursting the casing is
thus largely obviated. Another advantage worth

T e o
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mentioning is that the firing of the gun can be
heard at the surface of the well so that the
operator can readily tell whether the gun has
operated properly.

The sleeve 48, when employed, may be screw
threaded onto the section of pipe 43 and onto
the lower portion of the gun, &S iliustrated in
Figure 3. Obviously, when the projectiles are
fired from the gun they will perforate this sleeve,
as well as the casing 12 and the body of cement
13.

The operation of the assembly shown .in
Pigures 1, 2 and 3 is as follows:

Assuming that the apparatus has uveen lowered
to the horizon where the casing is to be perfor-
ated and the formation tested, the hock wall
packer is set so as to seal the lower portion of the
well from the portion above the packer, thus
shutting off any mud or other fluid in the well
from this lower portion. The drill pipe is now
rotated and lowered to cause the mandrel 22 to
open the valve §8. This automatically starts the
firing of the gun as described above and the
projectiles are shot from the gun through the
sleeve 88, the casing 12 and into the formation of
the well. It is to be noted that the arrangement
is such that the firing is automatic upon the
opening of the valve. Since the valve 18 must
open before the gun is fired, there is always an
empty receptacle (the drill pipe) connected to
the packed off poriion of the ‘casing when the
gun goes off. o

Any fluid in this formation will fiow through
the perforations made in the casing, sleeve &8,
the strainer 84, the passages 28 in the sub 27,
upwardly through the valve 18, the meandrel 28
and into the drill pipe as scon as the gun ceases
firing. After a sufiicient length of time the drill
pipe is raised, lifting the mandrel 22 off of the
valve stem 20, thus allowing the valve {8 to close
under the influence of the spring 13 and en-
trapping the sample of fluid from the formation
in the drill pipe. Upon further ralsing of the
drill pipe, the packer is released and the entire
assembly removed from the well with the en-
trapped sample. After -the packer is released,
mud or other fluid in the well will flow through
the strainer 448, but this mud cannot enter the
drill pipe because the valve (8 is then closed and
the sample in the drill pipe will thus remain
uncontaminated.

A slightly modified form of the invention is

shown in Figures 4 and 5. In this arrangement,
the upper portion of the assembly may be the
same as shown in connection with the embodi-
ment in Figures 1, 2 and 3, and consist of a for-
mation tester 16 constructed as shown in Figure
1. The difference between this tool and that of
Figure 1 resides in the fact that two packers have
been employed with the strainer 44 and gun a5
located therebetween. As shown in Figure 5, the
lower packer 28 may be identical with the packer
35 shown in Figure 2. It is controlled by means
of slips and operating mechanism similar to that
described in connection with the packer 35 in
Figure 2 and similarly marked. The upper
packer 50 has shoes 5i and 52 similar to the
shoes 34 and 38 of Figure 2, but this packer is
not provided with slips, these being unnecessary
since the lower shoe 52 is held against downward
movement by being connected structurally to
the upper shoe of the packer 48, Thus, cne sél
of slips, namely, those used in connection with
the lower packer 49, prevent downward movement
of both packers 89 and §0. Upward movement

is of course prevented by the weight of the drilt
pipe. The other parts in the assembly of Figures
4 and 5 are the same as those in Figures 1 to 3
and have been similarly designated. .

The operation of the tool of Figures 4 and 5 will
be apparent from the description above in con-
nection with the embodiment of Figures 1 to 3,
the only difference being that the section of the

casing to be perforated is sealed below, as well .

as above, from the remainder of the weil. Upon
this portion of the casing being perforated, fluid
will flow into the drill pipe i4 through the
strainer 84 as described above and when the
drill pipe is lifted both packers 48 and 53 will
be released.

While only two embodiments of the invention
have been disclosed, it is obvious that various
changes may be made.  The gun may be fired by
mechanical, rather than by electrical means, in
response to the opening of the valve 18 and the
formation tester itself may take a wide variety
of forms. Two valves may be employed instead
of the one shown at {8, and various devices which
improve the operation of the formation tester,
such as equalizing valves for use with the packers,
and verious safety features may of course be em-
ployved. In place of a poppet type valve, a stop
cock valve can be employed. While the apparatus
shown has been designed primarily for testing
through casing, it is sometimes desirable to per-
forate cement or tight sand in an open or uncased
hole and the apparatus with suitable modifica-
tions is capable of such use. Various and nu-
merous changes may be made without departing
from the spirit of the invention or the scope of
the annexed claims.

I claimi:

1. Apparatus for testing the fermation of a
eased well comprising, in combination, a testing
tool and a casing perforating tool connected to-
gether to provide an assembly adapted to be low-
ered into the well as a unit, said testing tool hav-
ing a valve therein, and said perforating tool hav-
ing means associated therewith operable in re-
sponse to the opening of the valve in the testing
tool for operating the perforating tool.

2. Apparatus for testing the formation of & well
comprising, in combination, a pipe, a testing tool
and a gun for perforating a portion of the wall of
the well, the tool and gun being connected to-
gether and mounted on seid pipe to provide an
assembly adapted to be lowered into the well as a
unit, said testing teol having a valve end means
associated therewith for operating the valve in re-
sponse to movement of said pipe and said gun
having firing means associated with and operated
by said valve operating means and adapted upon
the opening of said valve to cause the gun to fire.

3. Apparatus for testing the formation of a
cased well; comprising, in combination, a pipe, a
formation tester connected to the pipe and a cas-
ing perforating gun connected to the tester, said
tester having a valve and operating means therein
adapted to open and close the valve upon manip-
ulation of the pipe, said gun having means as-
sociated therewith for firing the same, said firing
means being controlled by movement of the valve
operating means to open the valve, thereby insur-
ing against firing of the gun with the valve closed.

4, Apparatus for testing a formation behind
the casing in a well, comprising, in combination,
a pipe, a formation testing tool having a valve,
mounted on the pipe, a gun perforator having fir-
ing means, also mounted on the pipe and unitary
means controlled by movement of the pipe for
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actuating both the valve of said testing tool and
the firing means of said gun perforator in a single
operation.

5. Apparatus for testing a formation behind the
casing in a well, comprising, in combination, a
pipe, a formation testing tool having a valve,
mounted on the pipe, a gun' perforator having
firing means, also mounted on the pipe and uni-
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tary means controlled by movement of the pipe
for actuating both the valve of said testing tool
and the firing means of said gun perforator in a
single operation, said gun firing means including

an electric switch and means connected to sald

valve for closing the switch when the valve opens.

ERLE P, HALLIBURTON.
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