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ABSTRACT OF THE DISCLOSURE 
This speci?cation describes certain perforation plug 

ging elements and methods of using the same. The plug 
ging elements comprise a body member and one or more 
tentacles which ‘are secured to the body member and 
function to guide the body member to a perforation 
through which ?uid is ?owing. In one embodiment, the 
tentacles may be temporarily con?ned in proximity to 
the body by a jacket of material soluble in the well ?uid. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to the plugging of well pipes 
set in subterranean wellbores and, more particularly, to 
new and improved perforation plugging elements and the 
utilization of such elements. 

Description of the prior art 

Wellbores penetrating to subterranean locations within 
the earth’s crust often are provided with pipes having per 
forations to allow for the ingress or egress of ?uids. For 
example, in the oil industry a well is conventionally pro~ 
vided with a pipe string, commonly termed a casing, which 
is set within a hydrocarbon-bearing formation. The cas 
ing string normally is cemented within the well and pro— 
vided with perforations for the recovery of ?uids from 
the formation, as in the case of a production well, or the 
introduction of ?uids into the formation, as in the case 
of an injection well. The perforations may be formed 
by the conventional gun or jet perforating techniques after 
the casing string is set and cemented within the Well. 
Alternatively, the casing may be perforated before inser 
tion thereof into the well, in which case the casing 
normally will be cemented by the so-called “scab ce 
mentingwtechniques. 

In the utilization of such wells it often is desirable to 
plug one or more of the casing perforations. For example, 
in US. Patent No. 2,754,910 to Derrick et al. there is 
disclosed a method of temporarily closing casing perfora 
tions during the employment of well treating processes 
such as acidizing and hydraulic fracturing. In such proc 
esses a ?uid treating medium is injected into the well 
and forced through the casing perforations into the sur 
rounding formation in order to effect an increase in 
permeability thereof. In carrying out such processes it 
has been found that oftentimes a disproportionately high 
quantity of treating ?uid ?ows through certain “high 
volume” perforations with the attendant result that the 
formation sections adjacent the remaining “low-volume” 
perforations receive little or no treating ?uid. ‘In accord 
ance with the techniques disclosed in the aforementioned 
patent to Derrick et al., such perforations are closed 
temporarily by introducing into the treating ?uid per 
foration plugging elements. These plugging elements, 
which norm-ally take the form of balls of a diameter larger 
than the diameter of the perforations, follow the ?ow 
of treating ?uid through the well until they are seated by 
?uid pressure against the high-volume perforations in 
the casing string. After such seating of the plugging ele 
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2 
ments, commonly termed “ball sealers,” continued in 
jection of treating ?uid results in ?uid ?ow through the 
perforations which remain open. After the treatment of 
the well is completed, injection of the treating ?uid may 
be terminated and the attendant decrease in casing pres 
sure results in disengagement of the ball sealers from the 
perforations. 

While this plugging technique has met with some suc~ 
cess, experience has shown that in many instances the 
plugging elements fail to seat in the casing perforations 
as desired. To overcome this it has been a practice in the 
past to utilize an excess of plugging elements, e.g., 25% 
to 50% more plugging elements than casing perforations 
within the zone of treatment, in order to ensure at least 
some plugging of the high-volume perforations with the 
attendant diversion of the treating ?uid to the low 
volume perforations. However, the utilization of an ex 
cess of plugging elements carries with it the danger that 
the elements may function with unusual ef?ciency and 
plug all of the perforations, thus, sealing off the forma 
tion completely and leading to failure of the treating 
process. 

‘SUMMARY OF THE INVENTION 

In accordance with the present invention, there are 
H provided new and improved plugging elements of the 

so-called “ball sealer” type which function with an 
increased consistency and efficiency. The perforation seal 
ing elements of the present invention comprise an en 
larged body member, preferably spherical in shape and 
of a diameter greater than the casing perforations, and 
one or more reduced elongated ?exible tentacles extend 
ing outwardly from the body member and terminating in 
a free end remote from the body member. The tentacle or 
tentacles present an increased surface area to ?uid ?ow 
ing through a perforation and thus facilitate seating of 
the body member against a perforation to seal the same. 
Thus, in carrying out the method of the present inven 
tion in plugging one or more perforations in a well 
pipe such as a casing, ?uid is ?owed from the interior 
of the pipe through the perforations to the exterior thereof 
‘and one or more of the aforementioned plugging ele 
ments are disposed in the ?uid within the interior of the 
pipe. The tentacles of the plugging elements ‘are more 
easily entrained within the ?uid ?ow than the body mem 
bers and, hence, tend to drag or guide the body members 
to their seating positions in the perforations. 

BRIEF ‘DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is an illustration, partly in section, of a 
well structure within which the invention may be carried 
out; 
FIGURE 2 is an illustration, 

one form of plugging element; 
FIGURE 3 is an illustration showing another form of 

plugging element. 
FIGURE 4 is an illustration showing a plugging ele 

ment provided with restraining means in accordance with 
one embodiment of the invention; and 
FIGURE 5 is an illustration showing another form of 

plugging element. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
With reference to FIGURE 1, there is shown a well bore 

10 which extends from the earth’s surface 11 and pene 
trates a subterranean stratum 12, such as an oil-bearing 
formation. The well bore is provided with a well pipe or 
casing string 14 which may be cemented, as indicated by 
reference numeral 16. The casing string and the surround 
ing cement sheath are provided with a plurality of perfo 
rations 17 adjacent the formation 12. The well also may be 
provided with a suitable packer 18 which isolates the zone 

partly in section, showing 
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of treatment from the remainder of the well and a tubing 
string 20 which extends from the surface or wellhead 21 
of the well through the packer 18. The tubing string 20 
is provided with a suitable ?ow line 24 for the introduction 
and withdrawal of ?uids to and from the well. 
By way of illustrating the present invention, it will be 

assumed that the well 10 is an oil production well which is 
to be treated by a hydraulic fracturing operation in order 
to increase the permeability of the adjacent formation 12 
and, thus, increase the productivity of the well. It is to be 
understood, however, that the following description of 
such fracturing operation is merely exemplary and that 
the invention may be used in other well treating procedures 
such as matrix acidizing, for example. 
The fracturing of the formation is accomplished by 

injecting into the well a liquid medium such as indicated 
by reference numeral 23 and building up a pressure on 
the face of the formation su?‘icient to cause fracturing 
thereof. As is well known to those skilled in the art, the 
fracturing medium may ?ow predominately through cer 
tain of the perforations 17 with little or no ?ow through 
the remaining perforations. In order to close off the per 
forations selectively taking ?uid and thus divert the treat 
ing ?uid to the remaining perforations, one or more plug 
ging elements 22 are disposed within the treating ?uid 
within the interior of the casing 14. This may ‘be accom 
plished ‘by any suitable technique. For example, the plug 
ging elements may be introduced into the casing 14 via 
?ow line 24 and tubing 20 by means of a wellhead dis 
pensing device, such as that disclosed in U.S. Patent No. 
2,976,928 to Gilbert. Alternatively, the plugging elements 
may be disposed in the treating ?uid by means of a suit 
able downhole dispensing system, such as disclosed in 
US. Patent No. 3,086,587 to Zandmer et al. Also, the 
plugging elements may be disposed in the treating ?uid by 
suspending them on a wire line anl thereafter injecting the 
treating ?uid into the casing as disclosed in the aforemen 
tioned patent to Derrick et al. 

‘One or more plugging elements may be utilized in carry 
ing out the present invention depending upon the number 
of perforations involved. Because of the relatively high 
e?iciency of the herein disclosed plugging elements, an 
excess of such elements normally will be unnecessary. In 
fact, it usually will be preferred in carrying out the inven_ 
tion to use the plugging elements in an amount less than 
the number of perforations in the treating zone. 
As described in greater detail hereinafter, the plugging 

elements 22 comprise an enlarged body member and one 
or more reduced elongated tentacles extending outwardly 
from the body member. The tentacles provide an increased 
surface area to the treating ?uid as it ?ows through the 
perforations into the adjacent formation such that the 
plugging elements are guided to and seat in the casing 
perforations. The plugging elements are held in place 
against the perforations by the ?uid pressure within the 
casing string 14 which is greater than the pressure ex 
teriorly of the casing string within the formation. The 
plugging elements will remain thus seated until such time 
as the treating method is completed and injection of frac 
turing ?uid terminated. As the pressure within the casing 
string 14 decreases, the pressure gradient across the per 
forations will be reversed and the plugging elements will 
be released from seating engagement with the perforations. 

Subsequent to the treating procedure, it may be de 
sirable to ascertain the number of perforations actually 
sealed by the plugging elements. In this event, the plugging 
elements are recovered from the well and examined to as 
certain the presence or absence thereon of markings in 
dicative of their seating against the perforations. The 
plugging elements are recovered by placing the well on 
production to recover the previously injected treating ?uid 
and ?uids indigenous to the formation 12 through the 
tubing 20 and ?ow line 24. The tentacles aid in recovery 
of the plugging elements from the well by again present 
ing an increased surface area to the ?ow of ?uid as it 
travels upwardly through the well. The presence of the 
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tentacles during this phase of operation is particularly 
important where, as is preferred, the plugging elements 
are of a density greater than that of the treating ?uid. 
With reference to FIGURE 2, there is shown one em 

bodiment of a plugging element formed in accordance with 
the present invention. The plugging element comprises a 
central ‘body member 25 formed of an inner core 25a and 
a cover 25b disposed about the inner core. The body 
member 25 preferably is deformable in order that it may 
adjust to any irregularities in the perforation against 
which it seats and also accommodate any tentacles 
which may become interposed between the body member 
and such perforation and while still providing an effective 
seal. Thus, the core 25a and/ or the coating 25b may be 
made of suitable deformable materials. As an example of 
a plugging element which has Worked satisfactorily, the 
core may be made of nylon and the coating of rubber. 
The plugging element of FIGURE 2 also comprises a 

tentacle 27 which is threadlike or ?lamentous in shape and 
which extends outwardly from the body portion 25 and 
terminates at a free end adapted for remote displacement 
from the body portion. Preferably, the tentacle 27 is 
formed integrally with the coating 25b in order to facili 
tate construction of the plugging element. For example, 
the tentacle may be formed by molding at the time the 
coating member is applied to the inner core 25a. 

Preferably, the tentacle 27 has a bulk density different 
from the bulk density of the body member 25 in order to 
facilitate displacement of the end of the tentacle from close 
proximity with the body member. This may be accom 
plished by forming the coating and tentacle of a material 
having a density different than that of the inner core mem 
ber 25a. For example, the coating member and tentacle 
maybe formed of rubber having a speci?c gravity of about 
1.0 and the inner core member may be formed of nylon 
having a speci?c gravity of 1.1. Thus, the plugging element 
will tend to assume an attitude in the treating ?uid such 
that the free end of the tentacle is above the body mem 
ber. In this case, if the body member should move past a 
perforation which is taking ?uid, the trailing tentacle may 
come within the flow of ?uid through the perforation, thus, 
drawing the body member back into seating position in 
the perforation. It is to be recognized that the tentacle 27 
may have a higher bulk density than the body member 25. 
For example, the free end of the tentacle member may be 
provided with a piece of lead shot or other high density 
material such that the tentacle precedes the body member 
as the plugging element moves downwardly within the 
well. In this case, the tentacle may ?rst be entrained within 
a stream of ?uid ?owing through a perforation and thus 
serve as a guide to draw the body member into seating 
position. 
With reference to FIGURE 3, there is shown a modi 

?ed form of plugging element in which a central body 
member 28 is provided with a plurality of tentacles such 
as those indicated by reference numerals 29-35. The ten 
tacles 29-35 may be attached to the body member 28 
similarly as explained above with reference to FIGURE 
2. It will be recognized, however, that any suitable means 
may be utilized for attaching the tentacles to the body 
member. For example, the tentacles may take the form 
of thin ?bers which are threaded through the core of the 
body member. In the embodiment shown in FIGURE 3, 
one or more of the tentacles 29-35 may have a bulk 
density less than the bulk density of the body member 
28 and one or more of the remaining tentacles may have 
a bulk density greater than the bulk density of the body 
member. For example, where the tentacle 33 is formed of 
a material having a density less than the density of the 
material forming the body member 28, one or more of 
the opposing tentacles 29-31 may be provided with a lead 
shot at the free end thereof. Thus, as the plugging element 
is disposed within the fracturing or other treating ?uid, 
it will tend to assume an attitude in which the free end 
of the tentacle of higher bulk density is disposed below 
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the body member and the free end of tentacle 33 above the 
body member. 
The bulk densities of the plugging elements may be 

either greater or less than the density of the treating ?uid. 
Usually the plugging elements will be disposed in the 
treating ?uid at a level above the perforations, e.g., at the 
well head, as disclosed in the aforementioned patent to 
Gilbert, and it is desirable to utilize plugging elements 
having a bulk density slightly greater than the density of 
the treating ?uid in order to ensure downward movement 
of the plugging elements through the well. Since most 
liquids utilized in well treating processes such as fractur 
ing and acidizing have a speci?c gravity of one or more, 
it usually will be preferred to utilize plugging elements 
having a bulk density greater than one. 

In most cases, in carrying out the present invention, 
it will be preferred to utilize plugging elements having a 
spherical body member. However, the body members may 
take other shapes such as the polyhedral con?gurations 
shown in the aforementioned patent to Derrick et al. 
At noted previously, the plugging elements normally 

should be of su?icient size such that they will not pass 
through the casing perforations. In most cases, casing 
perforations are about 3A)" to %” in diameter and the 
plugging elements preferably are comprised of a body 
member having a diameter within the range of ‘1/2" to 1”. 
Usually it will be preferred to provide the body members 
with tentacles of a thickness of not more than 0.1” and a 
length within the range of 1/2" to 3". Preferably, the length 
of the tentacles will be at least equal to the diameter of 
the body member. However, plugging elements having di 
mensions other than as noted above may be used as ex 
perience dictates. 
From the foregoing description it will be recognized 

that the tentacles function to greatly increase the seating 
e?‘iciency of the plugging elements as they approach the 
location of the casing perforations. However, the pres_ 
ence of such tentacles may present certain di?iculties as 
the plugging elements are dispersed within the treating 
?uid. For example, the the plugging elements are intro 
duced into the treating ?uid from a dispenser or other 
suitable injection device the tentacles may tend to become 
entangled, thus decreasing the efficiency of the plugging 
elements and perhaps even preventing the separate dis 
persion thereof in the treating ?uid. In order to overcome 
such di?iculties, there is provided, in accordance with 
another embodiment of the invention, restraining means 
for con?ning temporarily the tentacle or tentacles of a 
plugging element in proximity to the body member until 
the plugging element is disposed in the treating ?uid. 
Thereafter, the restraining means responds to the presence 
of the treating ?uid to release the tentacles in order that 
they may assume an attitude relative to the body member 

‘ in which their free ends are remote from the body mem 
her. 
With reference to FIGURE 4, there is shown va plug 

ging element which is provided with a preferred form 
of restraining means. As shown in FIGURE 4, the re 
straining means takes the form of a temporary jacket 40 
which overlies the tentacles 44 of the plugging element 
and restrains the tentacles adjacent the body member 42 
so as to prevent their entanglement with each other, with 
the tentacles of other plugging elements, or with elements 
of the dispensing apparatus. The jacket 40 is formed of a 
material which is readily soluble in the treating ?uid. For 
example, in hydraulic fracturing or acidizing operations 
where an aqueous treating medium is employed, the jacket 
may take the form of a thin ?lm of partially hydrolyzed, 
e.g., on the order of 88% hydrolysis, polyvinyl alcohol. 
In well treating processes employing an oleaginous liquid 
such as crude oil, the jacket 40 may be formed of suit 
able oil-soluble materials such as the para?in waxes. In 
any case, as the plugging elements are disposed in the 
treating ?uid the jacket 40 is dissolved leaving the ten 
tacles free to function in the manner described above. The 
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6 
plugging elements themselves are, of course, inert with 
respect to the treating ?uid. 
With reference to FIGURE 5, there is shown another 

form of plugging element in which the tentacle or tentacles 
are spatular in shape rather than ?lamentous as in the em 
bodiments described above. As shown in FIGURE 5, the 
plugging element comprises a body member 50 and one 
or more spatuliform tentacles such as'those indicated by 
reference numerals 52 and 54. These tentacles will gen 
erally be less subject to entanglement than ?lamentous 
tentacles such as those shown in FIGURE 3 and in addi 
tion will present a relatively large surface area to ?uid 
?ow. 
The tentacles 52 and 54 may be attached to the body 

member 50 by any suitable means. For example, where 
the body member 50 comprises an inner core and an 
outer cover, such as shown in FIGURE 2, the tentacles 
52 and 54 may be formed integrally with the cover. Also, 
while the spatuliform tentacles are less subject to en 
tanglement than filamentous tentacles, it may be advan 
tageous to provide the plugging element of FIGURE 5 
with temporary restraining means such as described 
above. Thus, the plugging element may be provided with 
a jacket similar to that shown in FIGURE 4. Alternative 
ly, such restraining means may take the form of an ad 
hesive which bonds the tentacles to the body member and 
which is soluble in the treating ?uid. 
Having described speci?c embodiments of the instant 

invention, it will be understood that further modi?cations 
thereof may be suggested to those skilled in the art, and it 
is intended to cover all such modi?cations as fall within 
the scope of the appended claims. 
What is claimed is: 
l. A perforation plugging element for use in plugging 

perforated well pipe during the injection of a treating 
?uid in a well treating process comprising: 
a body member, 
a reduced, elongated ?exible tentacle secured to said 
body member and adapted to extend outwardly from 
said body member and terminating at a free end 
adapted for remote displacement from said body 
member, and 

restraining means for con?ning said tentacle in prox 
imity to said body member and responsive to the 
presence of said treating ?uid for releasing said 
tentacle from such con?nement. 

2. The plugging element of claim 1 wherein said re 
straining means comprises a water-soluble jacket. 

3. The plugging element of claim 1 wherein said re 
straining means comprises an oil-soluble jacket. 

4. 'In a method of plugging a perforation in a treat 
ing zone of a 'well pipe set in a subterranean well, the 
steps comprising: 
?owing ?uid from the interior of said pipe through 

said perforation to the exterior thereof, and 
disposing in said ?uid within the interior of said pipe 

a plugging element having an enlarged body mem 
ber and a reduced, elongated, ?exible tentacle se 
cured to said body member and adapted to extend 
outwardly from said body member, said tentacle 
terminating at a free end adapted for remote dis 
placement from said body member whereby said 
tentacle presents an increased surface area to ?uid 
?owing through said perforation and facilitates seat 
ing of said body member in said perforation, said 
plugging element when disposed in said ?uid includ 
ing restraining means for con?ning said tentacle in 
proximity to said body member, said restraining 
means being responsive to the presence of said ?uid 
for releasing said tentacle from such con?nement. 

5. The method of claim 4 wherein said restraining 
means comprises a jacket surrounding said body member 
and tentacle, said jacket being soluble in said ?uid. 

6. A perforation plug element for use in plugging per 
forated well pipe comprising: 
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a spherical deformable body member having a diam- 2,490,031 12/!1949 Core ____________ __ 273—-106 
eter within the range of 1/2 to 1 inch, and 2,744,752 5/‘195‘6 Arnold ________ _._ 273-106 X 

a plurality of reduced, elongated, ?exible tentacles, 2,754,910 7/1956 Derrick et a1. ____ 166-493 X 
each tentacle secured to said body member and 3,190,373 ‘6/1965 Weathersby _______ __ 1616-21 X 
adapted to extend outwardly from said body mem- r 3,292,700 12/ 1966 Berry ____________ __ 166-21 
her and terminating at a free end adapted for re " 3,376,934 4/1968 Winman et a1 _____ __ 166_42 X 
mote displacement from said body member, at least 
one of ‘said tentacles having a bulk density greater CHARLES E. O’CONNELL, Primary Examiner. 
than said body member and at least another of said _ _ 
tentacles having a bulk density less than said body 10 JAN A‘ CALVERT’ Asslstam Examine“ 
member. 
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