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APPARATUS FOR DETERMINING WELL
PIPE PERFORATIONS

James J. Santiago, Los Angeles, Calif., assignor
to Grant Oil Tool Company, Los Angeles, Calif.,
a corporation of California

Substituted for abandoned application Serial No.
080,558, July 1, 1946. This application July 9,
1951, Serial No, 235,843

(Cl, 73—151)

2 Claims.

1

This invention has to do with apparatus for
determining the presence and location of perfora-
tions in well pipe, i. e. casing or liners, and relates
particularly to improvements and different
adaptations of the type of apparatus disclosed In
my Patent No. 2,416,441, issued February 25, 1947,
on “Determination of Well Pipe Perforations.”

One of my major objects is to provide a per-
foration recording medium adapted to be run
into the well on a wire line or cable, and actuated
to take and retain a record showing the presence
(or absence) of perforations in a selected area of
the pipe, and the relative locations of the perfo-
rations. The preferred form of recording medi-
um is the type disclosed in my earlier applica-
tion, comprising a flexible member adapted to oe
pressed against the pipe, and capable of forming
and retaining impressions of its perforations.

The invention contemplates controlling the ex-
pansion operation of the recording medium by
way of the suspension line or cable, as by upward
movement of the cable, or otherwise transmitting
energy through the cable, as by the passage of
electrical current.

Preferably, expansion of the recording medi-
um is effected by fluid pressure, and specifically
by application fo the recording medium of pres-
sure transmitted by way of well liquid. As will
appear, space at the inside of an expansible re-
cording medium may be accessible to well lig-
uid, to which in turn pressure may be applied
to press the medium against the perforated area
of the pipe by virtue of movement of or trans-
mission of energy through the suspension line.
Development of the expansive pressure may be
accomplished by utilizing the pressure or resist-
ance of the liquid column standing in the well
pipe above the apparatus, or by generating pres-
sure locally within the apparatus as by burning
of g combustible or explosive charge.

The invention has various additional features
and objects, all of which will be understood to
better advantage and without necessity for fur-
ther preliminary discussion, from the following
detailed description of certain typical embodi-
ments of the invention shown by the accompany-
ing drawings, in which:

Fig. 1 is g general view showing the record-
ing apparatus lJowered in a perforated well pipe;

Figs. 2 and 3 are vertically continuing views
showing the apparatus in enlarged cross-section
with the parts positioned preparatory to expand-
ing the recording medium;

Fig. 4 is a fragmentary section showing at en-
larged scale the communications between the Iin-
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ner section of the apparatus and the expansive
capsule;

P'ig. 9 1s a cross-section on line 5—5 of PFig. 4;
and

Fig. 6 is a fragmentary section illustrating a
variational form of the invention.

Referring to Fig. 1, the apparatus generally in-
dicated at 10, is shown to be lowered within the
well pipe or casing {1 opposite the perforations
{2 whose presence and location are to be record-
ed. The apparatus is lowered on a wire line or
cable {3 having a socket connection 14 with cou-
pling 19, see Fig. 2, which is attached at 16 to
the upper end of the mandrel or inner tubular
section {T of the apparatus. As shown in Fig. 3,
section IT carries on its lower end a check valve
body 18 and a shoe bushing 9. As the appara-
tus is lowered or raised in the well, fluid by-
passes the later deseribed packer, through the
check valve body, tube [T and openings 20 in the
coupling {9. |

The outer section of the body comprises a tube
21 within which the inner section 17 is vertically
movable, and carrying the expahsive recording
medium generally indicated at 22. The latter
is carried on an extended sleeve 23 movable ver-
tically relative to the tube 21, as and for the
purposes later explained. The recording means

comprises an annular, fluid pressure expansible

rubber capsule 24, the end portions 25 of which
are received within retaining rings 26 and shaped
to provide annular seal lips at 2T engageable
against the sleeve 23 to prevent fluid leakage
from the interior 28 of the capsule. On its inner
surface, the capsule may carry one or more an-
nular ribs 29 engageable against the sleeve 23 to
internally support the capsule, the rib or ribs
having circularly spaced recesses 30 assuring
pressure equalization above and below the rib.
Capsule 24 carries the recording medium prop-
er, preferably in the form of thin metallic or
other sheet material capable of being deformed
in accordance with the perforations 12 when ex-
panded against the pipe, and capable also of
retaining the deformation to provide a perma-
nent record of the number and locations of the
perforations. Typically the metallic recording
medium is shown to be placed in thin sections 31
about the capsule and within recesses 32 in iis
surface. For protection against scoring or abra-
sion while being lowered into and out of the well,
the annular recording sheet sections 31 may be
given protective layers 34, preferably of thin rub-
ber, suitably applied about the metallic sheets,
either as separate thin rubber layers wrapped
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thereabout or as a temporary integrated rubbet
coating to be stripped from the metal sheet after
its recording deformation. It will be understood
that the sheet material 3f and protective layer
34, will be sufficiently thin and flexible as to be
deformable and impressionable by internally ap-
plied fluid pressure expanding them against the
perforated pipe, and causing the metallic layers
to become permanently deformed (outwardly
dimpled) at the perforation locations. As illus-
trated in Fig. 5, the sheet metal sections 31 may
be made expansible in response to the applied
fluid pressure by wrapping the sheet about the
capsule with the edges of the sheet in slidable
overlapping relation at 36. |

Nut 37 on the lower end of pipe 2! contams
a packing ring 38 sealing against fluid leakage
about the outside of pipe IT. A coil spring 39 1s

confined between nut 37 and nut 40 containing

packing ring 41 sealing against fluid leakage be-
tween pipe 21 and the sleeve 23. Bushing 42
threaded into the capsule refaining ring 28, is
clamped by nut 40 against shoulder 43 on the
sleeve 23. The upper retaining ring 26 similarly
receives a threaded bushing 44 clamped against
shoulder 45 by nut 46 threaded on the upper end
of sleeve 23 and containing packing ring 47
sealing against fluid leakage upwardly about the
tube 21.

A suitable packer 48 is positioned abhove the
capsule assembly and in fixed relation thereto,
by a mounting permitting relative vertical move-
ment of the body sections 17 and 21. As illus-
trative, the packer may be bonded to a sleeve 49
clamped between spacer b0 and retaining ring 51,
and nut %2 containing packing ring 33 and
threaded on the upper end of tube 21.

Referring to Fig. 4, the interior 28 of the
capsule is communicable with the well fluid in-
side body section 1, by way of openings %8 and
59 respectively in sleeve 23 and tube 21, clear-
ance spaces at 56 and 57 respectively between
sleeve 23 and tube 21, and between the latter and
fube 1T, and openings 98 in the wall of tube 7.
For purposes that will later appear, tube |7 con-
tains a Venturi tube 59, held in position as by
a8, spot .weld at 60, the lower portion 592 of the
tube being annularly spaced at 6t from tube I1,
opposite the openings 58. The valve body (8
contains. a rubber ball check 62 engageable
against the seat 63 and displaceable, during
operation of the apparatus as described below,
through bore 64 into the enlarged diameter bore
£5, wherein the valve assumes a posifion, as at
62, permitting downward fluid by-pass through
the bhody.

. In considering its operation, assume the a,ppa,-
ratus to be lowered in the casing 11 on line 13
(with weight added to the line if necessary) to
the position of Fig. 1 bringing the recording
medium 22 opposite a perforated section of the
casing. ‘T'ubular body section 21 and the various
parts carried by if, including recording medium
22, are frictionally retained against falling

downwardly from the position of Figs, 1 through

4 by engagement of packer 48 with the well pipe.
Expansion of the capsule 24 to press the record-
ing medium against the pipe and to deform the
sheet 31 into impressions affording a record of
the perforations, is effected simply by exerting
an upward pull on the wire line 3. The result-
ing upward movement of the inner body section
17 within and relative to section 21 and the parts
carried thereby, causes fluid pressure to be com-
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municated from within tube i1 (check valve 62
being seated) through openings &8, 55, 54, and
spaces 81 and 56, into the capsule chamber 23.
The magnitude of the pressure thus communi-
cated to the capsule may be increased in accord-
ance with the suddenness of the upward dis-
placement of tube [1. Upon continued upward

“movement, the valve body 18 engages the lower

end of nut 31, with the result that the upward
pull is transmitted through spring 3% and sleeve
23 to the packer 48, whereupon further upward
displacement of the inner body section is re-
sisted by the entire fluid column in the casing.
The conseguent fluid pressure in section |7 first
assumes a magnitude that will expand the cap-
sule against the perforated section of the casing
with sufficient tightness to press and deform the
recording medium into the perforations. Upon
further increase of the fluid pressure, the rubber
ball check 62 is forced down through bore
64 into the enlarged space 65, thus relieving the

‘pressure and permitting contraction of the cap-

sule by virtue of its resiliency.

As the apparatus then is withdrawn from the
well, fluid by-passes down through the body sec-
ticn 17 through openings 28, the Venturi tube 59
and the valve body (8. The fluid velocity in-
crease resulting from the restriction within the
venturi 39, is utilized to produce a suction effect
tending to pull the recording medium inwardly
from the casing wall. Thus the Venturi created
depression is communicated through opening 58,
and thence through the passages 36, 8T and open-
ings 54, 55,

Fig. 6 illustrates a variational embodiment of
the i1nvention, whereby the capsule expanding
fluid pressure is developed inderpendently of the
well fluid column pressure, and specifically by
ignition of a combustible or explosive charge
within the apparatus. Below the inner section
{1, to the upper end of which the explosive
charge-containing body 10 is attached, the ap-
paratus may have the same construction as the
the rubber ball check 62
initially being positioned above its seat 63, .as
before. The body 710 connects with the wire line
socket 14 through a coupling 71 containing an
inclined passage 13 communicating through the
counterbore T4 and body 10 with the passage 78 -
below. The explosive charge 16 may be of any
suitable type having such burning characteristics
as may be desired for most effective expansion
of the capsule. Preferably the charge will have
sustained burning characteristics, assuring the
continuance of available pressure throughout the
later described sequence of operations. Typically
the charge 16 is shown fo comprise a capsule 17
suitably supported in the body 70 as by means
of spider ring 18, and containing the explosive 78.
A valve 1s used in conjunction with the passage
13 fo normally maintain the passage in open

(by-passing) condition, and to temporarily close

the passage during development of the explosive
charge pressure to a degree required for expan-
sion of the capsule 24. Typically, such valve
means may comprise a rubber ball check 80
through which passes the wire 81 running to the

ground surface and through which electric cur-

rent i1s supplied to detonate the charge. Nor-
mally the valve 80 is held in the illustrated open
position by engagement with an enlargement 82
on the conductor wire.

Assuming the apparatus to be lowered to
recording position, explosion of the charge 76 and
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the resulting release of valve 80, causes the lat-
ter to seat against shoulder 83, and the explosion
created pressure to develop in chamber 15, since
its lower end initially is closed by the bottom
- rubber ball check 6§2. The resulting pressure
communicated through opening 58 to the capsule
24 expands and deforms the recording medium
in the manner previously explained. The rapid
increase of pressure beyond that required for
expansion of the capsule, causes the valves 62
and 80 to be expelled respectively through the
openings 64 and 13, with the result that the pres-
sure in chamber 75 is relieved and the by-pass
therethrough opened to permit free removal of
the apparatus.

I claim:

1. Apparatus comprising a body including
relatively vertically movable tubular sections one
within the other means carried at the outside of
said outer section forming a chamber communi-
cating with the interior of the inner section and
having an outer wall radially expansible by pres-
sure in the chamber, said wall including a record
forming medium to be positioned opposite the
perforated area of a well pipe and radially ex-
pansible by pressure in said chamber, a packer
carried by said outer section above said medium,
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and means for raising said inner section to com-
municate fluid pressure from within the inner
section to said record-forming medium to ex-
pand it against the pipe, and a check valve car-
ried by said inner section to close it against down-
ward fluid flow therethrough during initial up-
ward movement of the section, said valve there-
after being displaceable to open said inner section
to downward fluid flow during further upward
movement of the section.

2. Apparatus comprising a flexible and de-
formable metallic record-forming medium, a
support for said medium adapted to be lowered
in a well pipe to bring said medium opposite a
perforated area thereof, a thin rubber layer ap-
plied to the outer surface of said medium, and
means operable to expand said medium and layer
to transform said medium into a record of the
pipe perforations in said area.

JAMES J. SANTIAGO.
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