July 7, 1964

¥ S

33. A

N1l

M| o4

A. L. SIMPSON ETAL
APPARATUS FOR SELECTIVELY CEMENTING PIPE CASING

3,139,931

28.
20~

\/\

\W

<l
A

NN ANN

Filed Jan. 19, 1961
/2 NN~/ %
SN 34
Z22 ) J
<
7 10 >§ 49\38%« 50
)
& 15212 , Z
H N= N N= —
7 27= =N N= 29"
< A e e =
7 /A Na W W 2N 24
4 = ONT =\ =0
&2 =g Nl =N U=
=2 Nar~ 3 =
g | B =
v \ g | =n =
A N5 = =
/‘////,\\\ < - $4 —1 137 E e
E i >;' N (:(;
23 5 = sc-*'v,- P [2 b
~24 , '[5_‘ N 5596 “;;)g : -
30 e § AT g o
e N\ R &
14 AN AN A
C. o §j46 flg o
_B_ R - §‘:.v. o 'c:' —G
L‘%i.. NN . L‘, L
e N NNs 4 =
' ‘ ‘ 25
: ! -
L -
et 260
| 32 >
o
KA Fie.2.

INVENTORS

ALTUS L. SIMPSON
sy DONALD P HAMMON

EHlitt £ Flstoes

ATTORNE 35



&

United States Patent O

3,139,931
Patented July 7, 1964

.
1ce

1

3,139,931
APPARATUS FOR SELECTIVELY CEMENTING
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St., Bellflower, Calif.), and Donald P. Hammon, 2809

Manor St., Bakersfield, Calif.

Filed Jan, 19, 1961, Ser. No. 83,774
6 Claims. (Cl 166—63)

This invention relates generally to oil well operations
and more particularly to a novel method and apparatus
for selectively cementing certain portions of pipe cas-
ing or liners in bore holes.

It is conventional practice in completing a bore hole
to cement casing or liners in the bore hole in order to
retain the side walls in a stable condition. There are
many instances, however, when it would be desirable to
cement only selected portions of the well casing so that
other portions may be left uncemented in accordance
with subsequent desired operations. By selective cement-
ing, complete isolation of various intervals or zones within
the bore hole can be effected without exposing productive
zones or zones of injection to the various hazards inherent
in present day cementing processes. Further, selective
cementing could be employed to eliminate the necessity
of perforating through the cement itself by zoning off
the particular levels at which perforation is to take place
with selective cementing above and below such zone.

Accordingly,. it is a primary object of this invention
to provide a method and apparatus for carrying out selec-
tive cementing of well casing in bore holes to the end that
certain portions may be cemented and other portions left
free of cement as circumstances dictate.

In accordance with the method: of the invention, the
following steps are carried out: First, the selected zone
or interval of casing and adjacent surrounding earth for-
mations to be cemented are packed off at their upper and
lower ends to define an annular space between the selected
casing portion and the adjacent formations. Second, suit-
able communication inlet and outlet passages between the
interior of the casing section and the upper and lower
interior portions of the annular space are provided. Third,
cement is passed through one of the communication pas-
sages from within the casing to the annular space. Fourth,
the material within the annular space displaced by the
cement is passed back into the casing. Finally, the dis-
placed material received within the casing is collected
until the entire annular space is filled with cement. The
collected displaced material may then be removed from
the bore hole.

The preferred apparatus for carrying out the fore-
going method contemplates the provision of a special cas-
ing sub inserted at the time casing or lining pipe is placed
in the bore hole in a position corresponding to the par-
ticular earth formations to be cemented. This section
of casing includes suitable upper and lower packing means
for packing off the selected portion to define an annular
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to both dispense the cement and simultaneously collect
the material displaced by the cement. When the desired
zone has been cemented, the member may then be with-
drawn from the bore hole.

A better understanding of both the method and appa-
ratus of the present invention will be had by referring
to the accompanying drawings, in which:

FIGURE 1 illustrates a bore hole and surrounding
earth formations including a zone to be selectively ce-
mented together with a suitable apparatus for carrying
out the cementing operation; and

FIGURE 2 is an enlarged view partly in cross sec-
tion of the apparatus shown in FIGURE 1.

Referring to FIGURE 1, there is shown a bore hole 10
in which casing pipe 11 has been inserted. The pipe 11
is connected by conventional casing collars such as indi-
cated at 12 and 13. Between the collars 12 and 13, there
is provided a casing section 14 positioned in the string
of casing pipe such that it will be juxtaposed a zone of
earth formation which is to be cemented. For example,
in the illustration of FIGURE 1, there are shown dif-
ferent earth strata such as zone A at the upper portion
of the drawing, B at the central portion of the draw-
ing, and C at the lower portion of the drawing. Assum-
ing that it is desired to cement the casing section juxta-
posed the zone B and leave the zones A and C wunce-
mented, the special casing section 14 is positioned adja-
cent to the zone B as shown.

To isolate the zone B for the cementing operation,
there are provided first and second longitudinally spaced
packers 15 and 16 secured to casing section 14. These
packers may be expanded through suitable orifices 17
and 18 in the casing section 14 by conventional equip-
ment. The particular type of packers are not relevant
to the present invention and therefore are not described
in detail. It is only necessary that an annular seal be

- provided so that the particular zone to be cemented is
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space between the packers and the surrounding earth for-

mation. The casing section itself includes inlet and out-
let passages.

Cooperating with the foregoing structure is an elon-
gated cylindrical member having a hollow interior filled
with cement. This member is arranged to be lowered
through the casing pipe to a position within the selected
casing portion and includes suitable openings for registra-
tion with the inlet and outlet passages in the casing sec-
tion itself. - The hollow interior of the member includes
a piston and suitable means for moving the piston to
urge cement from the member through one of its openings
into the annular space and simultaneously receive mate-
rial displaced by the cement in the annular space through
the other of its openings. The member itself thus serves
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isolated from the remaining portions of the bore hole.

The casing section 14 also provides inlet and outlet
passages provided with check valves 19 and 20. These
inlet and outlet passages are disposed adjacent to the re-
spective upper and lower packing members 15 and 16
and provide communication between the casing and an-
nular space D defined by the casing section 14 and the
surrounding earth formation.

After the particular casing section 14 has been properly
positioned and the packers expanded in sealing engage-
ment, a cementing tool in the form of an elongated cylin-
drical member 21 is lowered through the casing as by a
suitable cable 22 into the casing section 14 as shown.
The cylindrical member 21 includes an upper pair of
annular sealing lips 23 and 24 longitudinally spaced to
define an annulus in communication with the inlet passage
check valve 19 in the casing section 14. Similarly, a
lower portion of the cylindrical member 21 includes a
second pair of annular sealing lips 25 and 26 longitudinal-
ly spaced from each other to define a sealed annulus in
communication with the outlet passage check valve 20.
The interior of the member 21 is hollow and is placed in
communication with the respective annuluses between the
first pair of annular sealing lips 23 and 24 and the second
pair of annular sealing lips 25 and 26 as by communica-
tion openings 27 and 28. The member 21 also includes
by-pass passages having outlet and inlet ports 29 and 39
on either side of the upper annular sealing lips 23 and
24 and outlet and inlet ports 31 and 32 on either side of
the lower pair of annular sealing lips 25 and 26. The by-
pass passages permit mud or other fluid in the casing to
bypass around the annular sealing lips when the cylindri-
cal member 21 is being lowered by the cable 22 into the
casing.
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As indicated by the dotted line representations, the ex-
treme upper end of the cylindrical member 21 may in-
clude a collar locator 33 of a general type as discussed
on page 614 of “Petroleum Production Engineering,” by
Uren, copyright 1956, by McGraw-Hill Book Company
Inc., to facilitate positioning of the member 21 such that
the pairs of ansular sealing lips will register properly with
the inlet and outlet passages 19 and 29 in the casing sec-
tion 14. The upper interior portion of the cylindrical
member 21 also includes a source of compressed gas with-
in a suitable container 34 arranged to be released by a
control 35 which may be actuated from the surface of the
bore hole through the cable 22.

Referring now to FIGURE 2, the details of construc-
tion within the cylindrical member 21 will be described.
As shown, the hollow interior of the elongated cylindrical
member 21 includes a first chamber 36 defined by the
upper side of a piston 37 and the under side of an upper
partition 38. The piston 37 also defines a second cham-
ber 39 between its under side and the lower bottom por-
tion 49 of the member 21. Piston 37 is arranged to move
longitudinally up and down within the interior of the
member 21. When the piston 37 moves downwardly, the
volume of the second chamber 39 is decreased and the
volume of the first chamber 36 is increased.

In an actual physical embodiment of the member 21,
the hollow interior is of considerable length and in order
to accommodate a suitable piston guiding structure form-
ing the counterpart to a piston rod, there are provided
a first plurality of telescoping pipe sections 41, 42, and 43.
The pipe sections 41 and 42 are in turn provided with
radially extending spider structures 44 and 45 terminating
at the side walls of the first chamber 36 in sliding engage-
ment therewith. These spider structures serve to central-
ize and help guide the various telescoping pipes during
movement of the piston 37. A second plurality of tele-
scoping pipes 46, 47, and 48 connect between the under
side of the piston and base of the tool as shown. With
this arrangement, as the piston 37 moves from its upper-
most position towards its lowermost position, the upper
plurality of telescoping guide pipes will telescope out-
wardly and the lower plurality of telescoping pipes will
telescope together inwardly.

The second interior chamber 39 is initially filled with
cement and the piston 37 is initially in its uppermost
position. In FIGURE 2, the piston 37 is shown in an
intermediate position. The various first and second com-
munication openings 27 and 28 and by-pass passage
ports 29, 30, 31, and 32 are ciearly shown in FIGURE 2.

At the upper portion of the elongated member 21,
there are provided suitable locking pins 49 and 5€ equiva-
lent to slips and arranged to extend laterally from the
elongated member to engage the side walls of the casing
section 14 to hold the member 21 in its set position.

The operation of the cementing too! shown in FIG-
URES 1 and 2 will be evident from the foregoing de-
scription. As mentioned heretofore, the special casing
section 14 is first positioned adjacent the zone to be
selectively cemented, and the packers 15 and 16 of FIG-
URE 1 radially expanded to engage above and below
the selected portions of the earth formation defining the
anpnular space D. The tool 21 is then lowered through
the casing and accurately positioned by means of the
magnetic locating apparatus 33 for detecting the pres-
ence of the collars such as the collar 12 of the casing
pipe. Magnetic collar locators are well known in the
art and form no part of the present invention. Any other
suitable means for properly positioning the elongated
cylindrical member 21 such that the annulus defined by
the upper and lower pairs of sealing lips 23, 24, and 25,
26 properly register with the inlet and outlet check valves
19 and 20 could be used.

When the member 21 is properly positioned, the gas
under pressure within the container 34 is released by any
suitable actuating mechanism operable from the surface
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of the bore hole. The escaping gas is indicated by the
arrows in the upper portiocn of FIGURE 2 and will be
confined by the partition 38. This gas will initially
serve to eject the locking pins 42 and 50 thereby securing
the member 21 in its set position. The gas will also
expand within the upper plurality of telescoping pipes as
indicated by the arrows to cause the same to telescope
outwardly and urge the piston 37 downwardly.

This downward movement of the piston 37 will thus
force the cement in the second lower chamber 39 through
the outlet opening 28 into the annulus between the seal-
ing lips 25 and 26. This cement will then be forced
through the outlet passage check valve 20 into the annular
space D.

As the piston moves downwardly, it will create a partial
vacuum above its upper surface in the first chamber
36 and this will cause material within the annular space
D to be drawn in through the inlet passage check valve
19 and inlet port 27 to the first chamber of the member
21. Thus, as the cement passing into the annulus dis-
places the material, the displaced material will be drawn
back into the cylindrical member 21 above the piston 37.

After the piston 37 has been moved to its lowermost
position to force all of the cement within the member
into the anmnular space, the entire member 21 may be
withdrawn from the bore hole. The pins 49 and 50 may
be secured by suitable shear pins so that they will break
off when it is desired to forcibly remove the tool. The
lower check valve 29 will prevent any back flow of cement
in the annular space D into the casing.

An important advantage of the method and apparatus
of this invention as described resides in the collecting
of material displaced by the cement simultaneously with
the forcing of the cement into the annular space. Gener-
ally, the elongated member will be filled with more cement
than is estimated to be required to fill the annular space.
Therefore, as the piston 37 approaches the lower portion,
if the annular space D is completely filled with cement
already, the additional cement forced in will simply urge
the initially received cement out the top of the annular
space into the first chamber 36. The excess cement,
accordingly, is not lost or caused to flow into the casing
itself but is collected and withdrawn when the cementing
operation is completed. Thus, it is not necessary to meas-
ure exactly the required amount of cement. By always
providing more cement than is necessary, the complete
filling of the selective annular space to be cemented itself
is always assured.

While only one embodiment has been shown and de-
scribed, various modifications and changes that fall clear-
ly within the scope and spirit of the invention will occur
to those skilled in the art. The method and apparatus
are therefore not to be thought of as limited to the specific
example set forth merely for illustrative purposes.

What is claimed is:

1. An apparatus for cementing a selected portion of
well casing in a bore hole comprising, in combination:
first and second packing means disposed between said cas-
ing and the surrounding bore hole sidewalls in Iongitudi-
nally spaced relationship at the upper and lower limits
respectively of said portion to define an annular space
therebetween; a member, having a hollow interior for
holding cement, positionable in said selected portion of
well casing; first and second communication means be-
tween the upper and lower ends of said annular space
and the upper and lower ends of the hollow interior of
said member respectively; and cement moving. means
actuable from the well head for urging said~cement
through said second communication means to said an-
nular space and for drawing material into said hollow
interior from said annular space through said first com-
munication means; and means at the well head for effect-
ing actuation of said cement moving means.

2. An apparatus for cementing a selected portion of
well casing in a bore hole comprising, in combination:
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first and second packing means disposed between said
casing and the surrounding bore hole side walls in lon-
gitudinally spaced realtionship at the upper and lower
limits respectively of said portion to define an annular
space therebetween; a member, having a hollow interior
for holding cement, positionable in said selected portion
of well casing; first and second communication means be-
tween the upper and lower ends of said annular space and
the upper and lower ends of the hollow interior of said
member respectively; and piston means movable from
said upper end to said lower end in said hollow interior
for urging said cement through said second communica-
tion means to said annular space and for drawing mate-
rial displaced by said cement from said annular space
through said first communication means into said hollow
interior; and, actuating means for driving said piston
means.

3. An apparatus for cementing casing to a selected por-
tion of an earth formation in a bore hole comprising,
in combination: a casing section adapted to be positioned
in said bore hole adjacent to said selected portion; upper
and lower packing means between the upper and lower
exterior portions of said casing section and the surround-
ing earth formation defining an annular space there-
between including said selected portion of the earth forma-
tion, said casing including inlet and outlet passages pro-
viding communication between longitudinally spaced end
portions of said annular space and the interior of said
casing section respectively; an elongated cylindrical mem-
ber; means connected to said member for lowering said
member through said casing to a position juxtaposed
said inlet and outlet passages, said member having a hol-
low interior; a piston dividing said interior into first and
second chambers, said second chamber designed to be
filled with cement; inlet communication means in the wall
of said member connecting said first chamber to said inlet
passage; outlet communication means longitudinally
spaced from said inlet communication means connecting
said second chamber to said outlet passage; and means for
guiding and moving said piston in a direction to in-
crease the volume of said first chamber and decrease the
volume of said second chamber, such that said piston
forces cement out said outlet communication means and
through said outlet passage to fill said annular space and
simultaneously draws in material in said annular space,
as it is being replaced by said cement, through said inlet
passage and inlet communication means to said first
chamber.

4. An apparatus according to claim 3, in which said in-
let communication means includes a pair of annular seal-
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ing lips secured in longitudinally spaced relationship about
the exterior of said cylindrical member to define a sealed
annulus communicating with said inlet passage, said mem-
ber having an opening in its side wall placing said an-
nulus in communication with said first chamber, said out-
let communication means similarly including a pair of
annular sealing lips secured in longitudinally spaced rela-
tionship about the exterior of said cylindrical member to
define a sealed annulus comvmunicating with said outlet
passage, said member having an opening in its side wall
placing said annulus in communication with said second
chamber; and means in the side wall of said member
defining by-pass passages about the exterior of said pairs
of annular sealing lips respectively whereby bore hole
fluid is bypassed through said by-pass passages during
movement of said member longitudinally through said
casing.

5. An apparatus according to claim 4, in which said
means for guiding and moving said piston including a first
plurality of telescoping pipes secured between the upper
side of said piston and the top of said first chamber com-
municating above said top and a second plurality of tele-
scoping pipes secured between the lower side of said
piston and the bottom of said second chamber; spider
structures secured respectively to at least some of said
first plurality of telescoping pipes and extending radially
to engage in sliding contact the inner walls of said first
chamber for centering and guiding movement of said tele-
scoping pipes, and a source of gas under pressure above
the top of said first chamber adapted to fill said first
plurality of telescoping pipes and act against said piston
to urge said pipes to telescope out.

6. An apparatus according to claim 5, including pin
means responsive to said gas under pressure to move
laterally from the side walls of said member to engage said
casing section and hold said cylindrical member in its
set longitudinal position.
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