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United States Patent Office 

3,999,318 
WELL SCREENING DEVICE 

Montgomery K. Miller, Pasadena, Calif. (2464 W. 7th 
St., Los Angeles 57, Calif.), and Williana L. Ksitier, 
523 W. 6th Ave., Los Angeles 14, Calif. 

Filed Jan. 23, 196, Ser. No. 84,387 
18 Chaintas. (Cil. 166-227) 

This application is a continuation-in-part of the co 
pending applications of Montgomery K. Miller and Wii 
liam L. Kumler, Serial No. 637,687, filed February 1, 
1957, and Serial No. 689,002, filed October 8, 1957, now 
Patent Numbers 2,981,332 and 2,981,333, respectively. 
This invention relates to the introduction of well fluids 

such as oil and water from a formation into a well, while 
preventing accumulation of particles of earth and sand in 
the well. The invention is particularly concerned with 
procedure for screening earth and sand particles against 
introduction into a well with the well fluid, and appa 
ratus for this purpose. 

It is known to mount filter elements on tubes or perfo 
rated liners which are inserted in oil wells. Frequently, 
however, a condition of running sands or cave-ins is en 
countered in a well, which causes the liners to stick, and 
also causes the introduction of Sand and other particles 
particularly into the annulus between the liner and the 
wall of the bore, and also into the oil well string. The 
main object of this invention is to provide a screening 
element around a tube or perforated liner so that it fills 
the annulus between the wall of the well and the liner to 
prevent the introduction or the accumulation in said 
annulus of earth and sand which would block off the liner 
and cause the difficulties previously defined, but which 
would be porous to permit the movement cf oil through 
the screen and into the liner and up the tubing of the oil 
well. 
The invention is directed to the use of an expansible 

screening element which surrounds the tube or liner and 
has an outside diameter which permits the introduction 
of the tube through the casing and into the open portion. 
of the hole, and when the tube is in position said element 
can be permitted to expand to Substantially fiil the annullus. 
A constricting element is positioned about the screening 
element or screen to hold it in compression. When the 
liner is placed in position in the well, the constricting 
element is reieased, so that the screen can expand due to 
its resiliency. Devices of this type have been disclosed in 
the above copending applications. 

However, in some instances the screening elements of 
the devices of the above copending applications, although 
having good resilience, may not have the desired screen 
ing properties. That is, screening properties may be 
sacrificed in favor of greater resilience. On the other 
hand, some good screening materials have insufficient 
resilience for application in the devices of the above co 
pending applications. M 

According to the instant invention, we can employ 
foraminous or porous screening components having good 
Screening properties but relatively inferior resilience 
characteristics, and foraminous or porous screening com 
ponents having good resilience but relatively inferior 
Screening properties. Thus, We take advantage of the 
Superior properties with respect to screening and resilience 
of both types of components, while minimizing the effect 
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2 
of the inferior resilience and screening properties, re 
spectively, of said components, by combining these com 
ponents in a screening element, for example, of the gen 
eral type described in the above copending applications, 
to obtain an improved screen. 
The invention will be more clearly understood by refer 

ence to the accompanying drawings wherein: 
FIG. 1 is an elevational view, partly in section, of one 

form of the invention device, located in position in a Well 
bore; 
FIG. 2 is a horizontal section taken on line 2-2 of 

FIG. 1; 
FIG. 3 is a view similar to FIG. 1, showing the screen 

ing element in expanded position adjacent the wall of the 
bore; 

FIG. 4 is a horizontal section taken on line 4-4 of 
FIG. 3; 

F.G. 5 shows a modification of the screening element 
and the constricting element of FIG. 1; 

FIG. 6 is a view similar to FIG. 1, showing a mechani 
cal form of constricting means for our device; 

FIG. 7 is a horizontal section taken on line 7-7 of 
FIG. 6; and 
FIG. 8 is a horizontal section taken on line 8-8 of 

F.G. 6. 
FIG. 9 illustrates another form of screening element 

which can be employed; 
FIG. 10 illustrates still another form of Screening ele 

ment; 
FIG. 11 illustrates use of still another modified form 

of screen element employed in connection with gun perfo 
rating; and 
FIG. 12 is a view similar to FIG. 11 showing the screen 

in expanded position adjacent the bore wall; and 
FIG. 13 is a section taken on line 3-13 of FIG. 12. 
Thus, according to one embodiment of the invention, 

the screening element can be formed of two components 
arranged as concentric tubes, the inner tube being in en 
gagement with the outer periphery of the tubular liner, 
and the outer tube engaging the outer periphery of said 
inner tube. One of said components of the screening ele 
ment preferably has substantially greater resilience than 
the other component, and said other component prefera 
bly has substantially greater fluid screening characteristics 
than the first component. In preferred practice, the inner 
tubular component of the screen is the component hav 
ing Superior resiliency, and the outer tubular component 
is the one having superior screening properties. 
The term "fluid screening characteristics' is intended 

to denote the ability to screen out or deposit particles of 
sand, earth lor foreign matter present in a well fluid, with 
out adversely affecting to any substantial extent the rate 
of flow of the fluid, or without substantially increasing re 
sistance to flow of such fluid. 

In such an arrangement, we can employ an inner tu 
bular component composed of synthetic neoprene type 
rubber having high resiliency and satisfactory or inferior 
fluid Screening properties, and we can employ as the outer 
tubular component, a polymeric fluorocarbon woven or 
felted fibrous material such as polymeric tetrafluoro 
ethylene fiber felt, marketed as "Armalon' by the E. I. 
du Pont Company, or a woven polymeric tetrafluoro 
ethylene, marketed as "Teflon TFE” by the Du Pont 
Company, these polymeric fluorocarbon materials having 
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improved fluid screening properties, and some resiliency. 
It will be understood, however, that these specific ma 
terials are mainly intended as illustrative, and we can 
employ other materials having suitable properties of good 
resiliency or good fluid screening characteristics, as com 
ponents in producing the multicomponent screening ele 
ment of the invention. For example a flexible poly 
urethane ether or ester foam can be used as the material 
of superior fluid screening properties. 
The relative thickness of the inner and outer tubular 

components of the screening element can be varied as 
desired. In one preferred embodiment the inner tube 
wrapped about the liner and formed of highly resilient 
material can be substantially thicker than the outer tu 
bular component having superior fluid screening prop 
erties. Thus, the outer tubular component can be in the 
nature of a thin skin wrapped about the thick inner tu 
bular component, so that in expanded condition with the 
screening element substantially filling the annulus, there 
will be a thin layer of material of superior fluid screening 
properties adjacent to and preferably directly in contact 
with, the wall of the well bore. Where the material hav 
ing superior fluid screening ability is employed as a thin 
layer around the inner tubular component of high re 
siliency such screening material need have little or sub 
stantially no resiliency, since the much thicker inner re 
silient tubular component will expand sufficiently to carry 
the screening material outwardly to a position adjacent 
to, or in contact with, the wall of the bore. 
The inner and outer tubular components are connected 

at their engaging peripheries by any suitable means such 
that the outer tubular component is maintained attached 
to the inner tubular component after the screen element 
has been expanded by removal of the constricting means, 
but without forming a liquid barrier between the adjoin 
ing interfaces of these tubular components. This can be 
accomplished, for example, by spot glueing the tubular 
components at their contacting peripheral Surfaces, or by 
heat sealing said components at their peripheral surfaces. 
When the screen hereof is in the operative expanded 

position, the cuter tubular component of the screening 
element substantially fills the annulus between said com 
ponent and the wall of the bore. In this position the 
outer periphery of said outer component can be adjacent 
the bore wall or in direct contact with the bore wall. 
The screen functions primarily to hold back most of the 
loose sand about the periphery of the bore. Where the 
outer tubular component in the expanded position is not 
in direct contact with, but is closely adjacent the bore 
wall, some sandi will fall into the narrow annullus between 
the outer componnet and the bore wall, but when such 
narrow annulus has been filled with sand, the screen will 
prevent and hold back any further running sands. 

Further, the outer tubular component of superior 
screening properties functions to trap and hold back any 
minor amount of sand particles which may enter the 
screening element together with the well fluid from the 
adjacent formation, while permitting uninterrupted flow 
of fluid through the outer tubular component toward the 
inner tubular component. For this purpose, the material 
from which the outer tubular component is formed is 
preferably one of relatively small pore size to enable en 
trapment of sand particles but without presenting any 
significant resistance to flow of the well fluid. The inner 
highly resilient tubular component of the screen, whose 
primary function is to expand and carry the outer tu 
bular component into contact with the bore wall, usually 
has a larger pore size than the material forming the Outer 
tubular component, so as to assure free flow of well fluid 
from the outer tubular component through the inner tu 
bular component to the interior of the pipeliner, Substan 
tially without any resistance to such flow. Thus, sub 
stantially all of the sand particles which may enter the 
screening element with the well fluid are entrapped with 
in the outer tubular component. By the term "material 
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4 
having good (or Superior) screening properties' is ac 
cordingly meant a material which will entrap the sandi 
particles of a well fluid without substantially increasing 
resistance of flow of the fluid through the material due 
to such sand entrapment. 

If desired, the screening element can be designed so 
that the inner tubular component can be formed of the 
material of good fluid screening properties but inferior 
resilience and the outer tubular component formed of a 
dinaterial of good resilience but inferior fluid screening 
characteristics. In this modification, the outer resilient 
component is expanded to a position adjacent the bore 
wall and substantially filling the annulus between the bore 
wall and said component. Some of the sand particles 
entering the outer tubular component with fluid from 
the formation, may be entrapped within said outer com 
ponent. However, all of the sand particles entering the 
outer resilient component with the well fluid may not be 
entrapped therein due to the relatively larger pore size 
of the resilient material of which the outer component 
may be formed, but substantially all remaining sand par 
ticles entering the inner tubular component with the well 
fluid will be deposited therein on passage of the fluid 
through the latter component. 

in use, the screening element of the invention is posi 
tioned about a tube or perforated liner, and the con 
stricting element is positioned about the screening ele 
ment to hold it in compression. As specific constricting 
elements which can be employed, we can wrap the screen 
element of the invention with an outside coating or sheath 
sufficiently strong to compact it, which sheath can then 
be removed by solution with a solvent or acid introduced 
into the annulus of the well to disintegrate said sheath 
and release the screen, or a mechanical binding or con 
stricting element may be used which can be released me 
chanically. For example, we can wrap the constricting 
element with cords or strings which can be either cut or 
released by the introduction of a go-devil, which slides 
sover the pipe on which the liner is suspended, and thus 
releases the constricting elements to permit the screen 
to expand. 

After the constricting element is placed in position about 
the screen to compress it, the tool is passed through the 
well bore, generally through the casing therein, to the pro 
duction Zone. The constricting element is then released 
in the aforementioned manner, the resiliency of the screen 
ing element according to the invention permitting it to 
expand partially adjacent to or in contact with the face 
of the wall of the well bore. The screening element thus 
takes a position substantially against the well wall and 
is still under some compression while against the wall. 
In this expanded position, the tubular screening element 
Substantially completely fills the annulus between the 
wall of the well and the liner on which the screen is 
mounted. The resiliency of the screening element main 
tains it in contact with said wall during the producing op 
eration, and the differential pressure between the fluid 
passing into said element and the opposite force due to 
resiliency of the screen, is controlled so that it is insuffi 
cient to compress and force the screen element away from 
the well wall. 

Thus, the screening element in its operative position 
closes off the annulus between the liner and well wall 
So that only a minor portion, if any, of sand and earth 
particles adjacent the wall fall into the annulus, 
and any such particles which do fall into the annulus, soon 
fill it. The outer surface of the resilient tubular element 
functions to screen off the major portion of such particles 
While permitting the fluid to pass through to the liner. 
Any minor portion of sand particles which may be car 
ried through the screening element are usually deposited 
within the screen, in the manner previously described, and 
are not carried into the liner. 
Where the constricting means for the screening element 

is a sheath or is in the form of bands, of a metal such as 
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zinc, magnesium, or aluminum, a mineral acid such as 
hydrochloric acid can be used to disintegrate the con 
stricting member, a conventional inhibitor being added to 
the acid to prevent corrosion of the steel well equipment. 
inhibited acids of this type which can be used are those 
conventionally employed in acidizing wells. Where the 
constricting means is a plastic sheath or bands made of 
plastic, e.g., a cellulosic or a vinyl resin, an organic sol 
vent which will readily dissolve the plastic is employed. 
For example, in the case of cellulose acetate butyrate, 
the solvent may be a ketone such as acetone, and in the 
case of polystyrene the solvent may be an aromatic or 
chlorinated hydrocarbon. The plastic employed should 
be inert to oil and preferably also inert to acids. 
We may also employ as the constricting means a sheath 

or bands composed of a material which will disintegrate 
by heat to release said means. Thus, we may employ 
certain alloys which will melt or disintegrate by contact 
with hot water or hot oil, preferably bismuth alloys. In 
this case, the temperature required for melting the par 
ticular alloy employed should be higher than the tem 
perature of that portion of the well through which the 
liner passes and in which it is positioned, so that the con 
stricting member will not melt or disintegrate before it 
is positioned at the desired location in the well. 

In the above cases, the screening element employed 
should be constructed of a material which is inert to the 
means employed for releasing the constricting means. 
Thus, where an acid is employed for this purpose, the 
screening element should be inert thereto, and when an 
organic solvent is utilized for disintegrating said means, 
the screen should be composed of a material inert there 
to. Further, the screening element should be inert to 
oil. Also, said element should be resistant to the tempera 
tures encountered in the well. 

Alternatively the constricting element or elements may 
be released by mechanical rather than chemical means. 
In this case, for example, a metal sheath may be em 
ployed as the constricting means, such sheath being con 
nected mechanically to a structure, which, on actuation 
from the well surface, pulls the sheath up over the en 
closed screening element, to permit the latter to expand 
substantially to the well bore in the manner previously 
described. 
As an alternative type of multicomponent screening 

element according to the invention, we can arrange the 
component having enhanced fluid screening properties 
and the component of high resiliency in the form of a 
plurality of alternate coaxially arranged rings placed one 
above the other, each such ring being wrapped around 
the perforated liner. As a further alternative we can 
form the screen element as a single tubular member 
formed of a plurality of segments each extending axially 
from one end to the other of said tubular screening ele 
ment, and from the inner periphery of the tubular screen 
ing element radially outward to the outer periphery of 
the tubular screening elements. Alternate segments are 
composed of a material having substantially greater 
resilience than the adjacent alternate segments, and said 
adjacent alternate segments are composed of a material 
having substantially greater fluid screening characteristics 
than said first mentioned alternate segments. 

In both of the above cases, a constricting member is 
placed about the screen to hold it under compression. 
When the constricting member is removed, the concen 
tric rings or segments formed of the highly resilient ma 
terial expand to a position closely adjacent to, or into 
engagement with, the bore wall, and simultaneously cause 
expansion of the rings or segments formed of the ma 
terial of good screening properties into a similar posi 
tion with respect to the bore wall. 
The screening element of the invention can also be 

composed of two components, one having superior resil 
ience and the other superior fluid screening properties, 
intimately interspersed in the form of a mixture through 
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6 
out the screening element. In this embodiment, if de 
sired, the component having superior fluid screening 
properties can be concentrated toward the outer periphery 
of the tubular screen, e.g., in the form of a layer, and 
the component of superior resiliency concentrated ad 
jacent the interior of the screen. 

Further, the components of our screen can be formed 
of resilient, expansible materials having multidirectional 
characteristics so that when the screening element ex 
pands laterally on removal of the constricting member, 
the screen element components expand in an axial as well 
as lateral direction, so that any holes formed in the 
screen components, e.g., as by gun perforating the liner, 
will be substantially filled by expansion of the screen 
components in a direction at right angles to the lateral 
expansion thereof, thus retaining the fluid screening 
properties of the screen following formation of such 
holes. In this embodiment, it will, of course, be under 
stood that the screen component having superior fluid 
screening properties should be sufficiently resilient to 
possess such multidirectional expansion characteristics. 

Referring to FIGS. 1 to 4 of the drawing, the tool 
comprises a liner 10 threadably connected at its upper 
end 12 to a collar 4 carried at the lower end of a pipe 
fitting 15 which is jointed at its upper end to a liner pipe 
16. Mounted above the collar 14 is a collar hanger indi 
cated generally by the numeral 18, said collar hanger 
being of a conventional type, e.g., as manufactured by 
S. R. Bowen & Co., Lane Wells, and other vendors. The 
liner hanger shown comprises an axially movable collar 
22 mounted about fitting 15, the collar 22 being attached 
by means of a number of connectors 20 to a series of 
grippers 24. Said grippers when forced upward by a 
spring 26 mounted about fitting 15 between collars 14 
and 22, pass over a conical portion 28 of pipe fitting 15 
and onto an enlarged cylindrical upper portion 30 of 
fitting 15 at the tool joint, causing said grippers to expand 
outwardly into gripping contact with the well casing 32. 
The structure of the liner hanger 18 forms no part of the 
instant invention. 
The liner 10 is closed at its lower end 34 and has 

distributed about the major portion of its surface a series 
of perforations 36 such as are conventional in slotted 
liners. A pair of spaced supporting rings 38 are mount 
ed about the outer periphery of the liner 10 adjacent the 
upper and lower ends of the perforated portion of the 
liner. Between rings 38 is supported a screening ele 
ment 40 covering the perforated portion of the liner. 
Screen 40 is formed of an inner tubular component 43 of 
high resiliency, for example, a neoprene rubber having 
fluid screening properties, and an outer tubular com 
ponent 45 of superior screening properties and with some 
resiliency, e.g., a polymeric tetrafluoroethylene fiber felt, 
the inner and outer tubular components being relatively 
thick, such components being attached at their engaging 
peripheral surfaces by spot glueing or cementing such Sur 
faces, e.g., as illustrated at 47, employing a suitable glue 
or plastic adhesive. Both of the tubular components 43 
and 45 can be relatively thick, or one of such com 
ponents can be thicker than the other. Preferably, the 
screening element 40 can be connected to the outer pe 
riphery of the liner 10 by a suitable cement applied be 
tween their surfaces and preferably covering only narrow 
peripheral portions near the top and bottom of the inner 
surface of the screening element and adjacent surface 
areas of the perforated liner, as indicated at 41, care 
being taken that said cement does not cover the perfora 
tions 36. The glue or cement employed to adhesively 
connect the two tubular components of the screen 40, 
and to cause its inner tubular component 43 to adhere to 
the liner should be one which will withstand tempera 
tures up to say about 250 F., or more, is insoluble in 
water and crude oil, and which will be inert to the acid 
or solvent used to disintegrate the constricting element, 
e.g., sheath 42, where removal of said constricting ele 
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ment is to be accomplished by chemical means. Such 
cement for bonding the Screen 40 to the liner i8 can be 
employed, together with the supporting rings 38, or the 
cement can be used alone without such rings, or the rings 
alone can be used to support the screening element 40 on 
the liner 10. Cements which can be used for this purpose 
are well known in the prior art, and include, for ex 
ample, cements of the phenol-formaldehyde or urea 
formaldehyde type, and the like. 
The screen 40 is compressed by a cylindrical metal 

sheath 42, e.g., of zinc, magnesium, aluminum and the 
like, which fits tightly about the screen 49. It will be 
seen in FIG. 1 that the outside diameter of the constrict 
ing metal sheath 42 is slightly less than the internal di 
ameter of the well casing 32, permitting passage of the 
liner through said casing. 
When the tool is introduced through the casing 32 into 

the open portion of the well bore 44 adjacent the produc 
ing Zone 46, the liner hanger 18 is actuated by means of 
a tool in a well known manner, to release the spring 26 
and to cause the grippers of slips 24 to contact the inner 
surface of the casing 32. The weight of the tool causes 
the grippers to tightly grip the inside wall of the casing 
32, as seen in FIG. 3, to hold the liner 10 in position 
below the casing. An acid solution such as inhibited hy 
drochloric acid usually employed in acidizing wells is then 
circulated down into the annulus 48 between the metal 
sheath 42 and the bore 44, causing the metal sheath 42 to 
disintegrate. Removal of sheath 42 results in partial ex 
pansion of the foraminous screening element 49 into con 
tact with the wall 44 of the well bore, as seen in FIG. 3, 
and filling the annulus 48. 

Thus, for example, a screen having an initial thickness 
of about 2' under full compression, may expand say 1’, 
or half the original thickness, when it makes contact with 
the bore wall 44. The screen 49 in the position shown 
in FIG. 3 has sufficient remaining resiliency or outward 
force so that it is not pushed away from the wall by the 
pressure of the fluid passing from the producing zone 46 
into the screen 40. 

During expansion of the resilient tubular component 
43, the outer tubular screening component 45 is urged out 
wardly to substantially fill the annulus 48, and may, and 
preferably does, snugly contact the wall of the bore, as 
illustrated in FIGS. 3 and 4. Should the outer component 
not quite engage the bore wall, loose sand will deposit 
in the remaining annular cavity between 45 and the bore 
wall, and compact around the screen. Engagement of 
the outer screen 40 with the bore wall during well opera 
tion, minimizes further introduction of sand and earth 
particles into the annulus 48 between the wall 44 of the 
well and liner 10. Although most of the sand is thus 
held at the wall of the bore, and is prevented from enter 
ing the outer tubular component 45 during flow of well 
fluids, any minor portions of sand entering screening com 
ponent 45 with the well fluid are essentially trapped there 
in, permitting flow of well fluids containing little, if any, 
sand or solid particles, through the inner tubular compo 
nent 43 and into the liner 16. The invention device is 
particularly designed to prevent running sands and cave 
ins of the earth and sand forming the walls of the bore. 

If desired, the materials forming the components 43 
and 45 of the screen can be reversed in position so that 
the inner tubular component is formed of a material of 
superior screening ability and the outer tubular compo 
nent is formed of a material of superior resilience but in 
ferior fluid screening properties. However, this is not the 
preferred embodiment. 
The screening element 40 remains in the expanded po 

sition shown in FEG. 3 throughout the period of produc 
tion of the well, or until after an extended period, the 
screening element may become clogged and require re 
placement. After release of the grippers 24 from the 
casing, in known manner, so that the liner hanger again 
assumes the position shown in F.G. 1, the liner i0 carry 
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3 
ing the used screening element 40 can be lifted through 
the liner pipe 36 to the surface of the well. Although in 
expanded position, the screen can be pulled through the 
casing and removed from the well. 

In FIG. 5 is shown a modified form of device of the 
invention, including a modified form of screen element 
and a different type of constricting means for maintaining 
the screen 40 in compression while the liner () is intro 
duced through the casing to its position adjacent the pro 
ducing zone, as described above. In this modification, the 
screen 40', is composed of an inner relatively thick tubu 
lar component 43' of high resiliency, and an outer tubular 
component 45' of superior fluid screen ability in the form 
of a thin layer or skin, e.g. about /8' to about 1' in 
thickness in expanded condition, wrapped about and firm 
ly attached to the inner resilient tubular component in a 
manner previously described, and the latter component is 
of relatively great thickness compared to the outer com 
ponent 45'. In this embodiment, outer component 45’ 
need have minimum or substantially no resiliency, since 
it is expanded into a position adjacent the bore wall Sub 
stantially solely by expansion of the inner resilient com 
ponent, when the constricting means is removed. The 
outer component under these conditions is initially 
wrapped around the inner component when the latter is 
in an expanded position prior to compression of the unit 
by the constricting member, and when the constricting 
member is later released to cause expansion of the inner 
component, the outer component assumes its initial ex 
panded peripheral shape. This is a preferred form of 
Screening element. 

Further, in this modification, a series of spaced metal, 
e.g., magnesium bands 50 are compacted about the outer 
periphery of the screen 42', to hold it under compression 
as in the case of the metal sheath 42, the outer diameter 
of the bands 59 being somewhat less than the inside di 
ameter of the casing 32, to permit wrapped liner 10 to 
pass freely through the casing. When the liner and screen 
40' are in proper position in the well adjacent the produc 
ing zone, an inhibited hydrochloric acid solution of the 
type used for acidizing wells is introduced into the annu 
lus 48 between the wrapped liner () and the well bore, 
causing the metal bands 50 to disintegrate and dissolve, 
thus permitting the screen 40' to expand to a position ad 
jacent to or into engagement with the wall of the bore 
substantially to fill said annulus, as previously described. 

In FiGS. 6 to 8 is shown still another modified form 
of constricting means for holding the screening element 
in compression about the liner 0, said constricting means 
being mechanically removable. Here a metai cylindrical 
sheath 52 holds the screen 40 sufficiently compressed to 
permit passage of the liner 10 carrying said screen, down 
through the casing 32. Integrally connected to the upper 
end of the metal sheath 52 are four lift straps 54, the straps 
being equally spaced circumferentially about said sheath. 
The straps 54 extend upward longitudinally of the tool 
and are integrally connected at their upper ends to a lift 
collar 56 disposed above tool joint 30, said collar 56 hav 
ing a pair of diametrically opposed lugs 58 to which 
cables 68 are attached by means of fasteners 62. It will 
be seen that the sheath 52 has an outer diameter less than 
the inside diameter of casing 32, and that lift straps 54 
and collar 56 are spaced from the inner wall of the casing, 
permitting liner 80, its encased screen 40, and the straps 
54 and collar 56 to pass down through the casing. 
When the liner () and element 40 thereon are placed in 

position below casing 32, cables 60 are pulled upwardly, 
lifting collar 56 and straps 54, and in turn lifting the 
sheath 52 to cause it to slide upwardly over and out of 
contact with the screen 40. This permits the screen to 
expand toward the wall of the bore, as described above, 

Instead of employing a metal sheath 42 or metal bands 
58, we can use a plastic bag or sheath, or we can employ 
plastic bands or cords to compress the screen element, said 
plastic material being, for example, polystyrene. In these 
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instances the plastic sheath or bands can be dissolved or 
disintegrated by means of a suitable solvent Such as an 
aromatic hydrocarbon. However, the solvent employed 
for this purpose should be one which does not attack the 
components of the screen. We can also use a sheath or 
bands composed of bismuth or bismuth alloys, and dis 
integrate such sheath or bands by the application of heat. 
Suitable alloys are, for example, the following: 

Table 

Composition in parts by weight Melting 
Alloy pgint, 

Tin Lead Bismuth Cadmium 

4 8 40-60 
25 25 203 
2 2 221 
24.6 28.1 230 
24.8 22.1 250 

Where the well temperature is relatively low, we may use 
a lower melting bismuth alloy such as alloy A or B in 
constructing the above sheath or bands, and introduce 
hot water into the annulus between the wrapped liner and 
well bore, for melting the alloy to remove said sheath or 
bands and cause the screen 40 to expand to the wall of 
the bore. When the well temperature is higher, we may 
use the higher melting alloys C, D or E, and melt the 
alloy by circulating hot oil in said annulus to disintegrate 
the sheath or bands. It will thus be understood that we 
can employ any suitable form of restraining means to 
maintain the screening element of the invention in com 
pressed condition for passage through the well bore or 
casing therein to the desired location in the well, and we 
can also utilize acids, Solvents, heat or mechanical means 
to disintegrate or remove said restraining means. 

While our device is especially designed for use in an 
uncased portion of a well, that is, in a zone of the well in 
which the walls are formed by natural earth formations, 
as described above, our device also has application in a 
well bore adjacent a production zone wherein the well 
wall adjacent said zone has been lined with casing ce 
mented in place and gun perforated in known manner to 
permit passage of fluids from the formation through the 
casing and into the well. For example, casing 32 may 
be extended down to the bottom of the well as seen in 
FIG. 1, and cemented in along production zone 46 by 
application of cement in an annulus between the outside 
of the casing and the well wall 44, and the casing and 
cement adjacent zone 46 gun perforated. When the 
Screening element 48 is caused to expand by disintegra 
tion or removal of the sheath 42 or bands 50, the screen 
will expand substantially into engagement with the casing, 
holding back sand and earth particles which pass with 
the Well fluids through the casing perforations, and pre 
venting such particles from entering the annulus between 
the casing and the liner. 

In FIG. 9 is shown a modified form of our device. The 
tubular screen 70 is formed of a plurality of alternately 
positioned coaxial rings 72 of a material of superior 
Screening properties, and a plurality of alternately posi 
tioned coaxial rings 74 of a screening material of high 
resiliency, the rings 72 being positioned between adjacent 
rings 74. The rings 72 and 74 may be of substantially 
the same radial and axial thickness, or one set of rings, 
say 74, can be thicker radially and/or axially than rings 
72. Preferably, however, rings 72 and 74 have substan 
tially the same radial thickness. Rings 72 and 74 are 
laminated or bonded together by any suitable cement or 
glue, and the inner periphery of the rings can be cemented 
or glued to the outer peripheral surface of the liner 10 
by a Suitable cement, as above described. A constricting 
sheath 75 similar to 42 can be fitted about the screen 70, 
holding the rings 72 and 74 under radial compression. 
On removal of sheath 75 by a disintegrating liquid, such 
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as acid, the resilient rings 74 expand radially, also radially 
expanding rings 72 of inferior resiliency and superior 
screening properties, so that the outer peripheral surfaces 
of essentially all the rings 72 and 74 are adjacent to or in 
contact with the bore wall. 

In FG, 10 is shown another form of the invention 
screen. The tubular screen 80 is in the form of a series 
of axially extending segments, alternate segments 82 be 
ing composed of material of superior screening ability 
and alternate adjacent segments 84 being composed of 
a material of high resiliency and preferably some screen 
ing ability. The sides 86 of the segments are formed by 
radial vertical planes from the center of the tubular 
screen 80, and the ends 87 and 88 of the segments are 
portions, respectively, of the inner and outer peripheral 
surfaces of screen 80. Although the radial thickness of 
segments 82 and 84 can vary, preferably the radial thick 
ness of segments 82 and 84 is substantially the same. 
The sides 86 of adjacent segments 82 and 84 are bonded 
together by a suitable cement, and the inner peripheral 
surfaces 87 of such segments are bonded to the liner 16 
by a suitable cement, as above described. The con 
stricting element, e.g. in the form of a sheath 89 similar 
to sheath 42, holds the segments 82 and 84 under radial 
compression. On removal of the constricting element 
89, the resilient segments 84 expand radially, also caus 
ing expansion of the adjacent segments 82 of improved 
screening properties, all of the segments in this manner 
being urged into position adjacent to, or substantially 
into contact with, the wall of the well bore. 

In the modification of FIGS. 11 to 13, a casing 1109 
is provided having connected to its lower end by means 
of a collar 11 a tubular member 1:2, said tubular mem 
ber being closed off at its lower end as indicated at 14. 
Said tubular member 112 may be integrally connected 
to the casing i () or it may be a separate element con 
nected to the casing in any suitable manner, such as by 
a conventional tool joint. In any event, the tubular 
member 12 forms a part of the casing. A cementing 
shoe 13 is threadably connected to the lower portion 
of the collar 121 by means of external threads 115 on 
the collar. 
A pair of spaced supporting rings 116 are mounted 

about the outer periphery of the tubular member 112 
of the casing, adjacent the upper and lower ends of said 
tubular member 12. On member 12 and between rings 
16 is supported a tubular or ring-shaped screening ele 
ment 18. The screen 13 is composed of an inner tubu 
lar foraminous component 119 of a highly resilient mate 
rial having multidirectional expansion characteristics, 
and an outer tubular foraminous component 121 of supe 
rior screening ability and also having some resiliency and 
multidirectional expansion characteristics. Thus, for ex 
ample, the inner component of high resiliency may be a 
synthetic rubber such as a butadiene-styrene or butadiene 
acrylonitrile rubber, or neoprene rubber, and the outer 
tubular component of good fluid screening ability can be 
a plastic foam such as polyurethane ether, polyurethane 
ester or polyvinyl chloride foam. It will be noted, how 
ever, that both inner and outer tubular components 19 
and 121 have resiliency and multidirectional expansion 
properties. 
The screen components 119 and 121 are bonded to 

gether at their adjacent peripheral surfaces, and the in 
ner tubular component 19 is attached to the outer sur 
face of pipe 112, by suitable cementing techniques, e.g. 
Spot cementing, as previously described. 

Screen element i? 8 is compressed by a cylindrical 
metal sheath 22, e.g., of zinc, magnesium, aluminum and 
the like, which fits tightly about the screening element 
18. It will be seen in FIG. 11 that the outside diameter 

of the constricting metal sheath 122 and the outside di 
ameter of casing 10 are each less than the internal 
diameter of the well bore E24, and also the shoe 113 has 
an outside diameter, slightly less than the internal diam 
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eter of the well bore, permitting passage of this unit 
through and into the well bore. 

In employing the unit 25 including the casing 116, 
pipe E2 and the screening element E38 thereon, such 
unit is introduced into the well bore A24 and is positioned 
therein with the screening element 18 adjacent the pro 
ducing formation 26. This formation may be located 
either adjacent to the bottom of the well bore or it may 
be at any position along the well bore above the bottom 
thereof. When the casing with the screening element 123 
thereon is properly positioned in the well bore, a cement 
plug 128 is formed between the casing 116 and the wall 
of the bore, at a location just above the pipe E2 and the 
screening element E8 thereon. Such cementing is 
accomplished in conventional manner by passing cement 
through holes 138 in the lower end of casing it just 
above the shoe i3, into the annulus between the casing 
i:10 and the well bore, the cement plug being supported 
by the shoe i3. It will be seen that the cement plug 
128 produces a water shut-off substantially preventing : 
drainage of water from the annulus above the plug into 
the annulus below between the screening element 128 
and the well bore. 
When the casing 30 has been cemented in place as 

described above, the pipe i2 and the screening element 
i8 including components is and 21, can be gun per 
forated by conventional gun perforating procedure well 
known in the art, forming the perforations 132 in the 
pipe 12, as shown in FIG. 12. Foliowing the gun per 
forating procedure an acid solution such as inhibited 
hydrochloric acid, usually employed in acidizing wells, 
is then circulated through the bore 34 of the casing 150 
and the bore 135 of pipe 12, through the holes 32 of 
the pipe 12 and the holes 36 shown in dotted lines and 
formed in the screening element i8 by the gun perfora 
tion procedure, and into the annulus 38 between the 
constricting element 122 and the wall of the well bore. 
On contact of the acid solution with the metal sheath 
22, such metal sheath disintegrates. Removal of sheath 
122 results in partial expansion of the screening element 
18 to a position closely adjacent to, or into contact with 

the wall 124 of the well bore, as seen in FIGS. 12 and 
13, and filling annulus 38. This is accomplished by 
radial expansion of the resilient inner tubular component 
119, which aids to radially expand the outer tubular 
component 121. 

It will be particularly noted in FGS. 12 and 13, that 
during radial expansion of the tubular components 19 
and 121, the resilient materials forming these components 
also expand in a plurality of directions so that the mate 
rial of members 19 and 12 adjacent the holes 36 
formed therein by gun perforation, expands radially in 
wardly into such holes substantially to the center thereof, 
as indicated by arrows 48, and essentially filling such 
holes. Thus, it is noted that while the components 119 
?and 121 of screen element 8 expand radially outward 
from the pipe 112 substantially to the wall 24 of the 
well bore, they also expand in a direction at a 90° angle 
to such outward expansion, e.g., in a direction axially 
along the casing 110 or well bore. However, it should 
be recognized that such expansion of the members 19 
and 121 of element 8 into holes 36 may not com 
pletely fill these holes, and small irregular passages 142 
at the center of these holes may be formed when the walls 
of holes 136 are forced inwardly toward the center of 
the holes as shown in FIGS. 12 and 13. The element i8 
in the position shown in FGS. 12 and 13 has sufficient re 
maining resiliency or outward force So that it is not 
pushed away from the wall by the pressure of the fluid 
passing from the producing zone 126 into the screen. 
The screening element 118 is maintained in the ex 

panded position shown in FIG. 13 throughout the period 
of production of the well, or until after an extended 
period, the screening element may become unduly 
clogged and require replacement. 
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2 
Although I have specifically described the invention in 

terms of a two component Screening element, the screen 
ing element of the invention may comprise three or more 
foramninous components, at least one of which has su 
perior resiliency and at least one of which has superior 
fluid screening characteristics. 
From the foregoing, it is seen that the invention pro 

vides a novel apparatus, which permits removal of oil, 
Water or other fluids from the production zone of a 
weil, and passage of such fluids into the well bore or 
perforated liner usually employed, without causing sub 
stantial amounts of sand and earth to be introduced into 
the annulus between the bore and the liner, and thus 
interfering with the flow of fluids into the well. Our 
device has additional advantages, for example, the ex 
pansible Screening element when partially expanded and 
compressed against the earth forming the wall of the 
bore, helps to support the wall against collapse while at 
the same time being insufficiently compressed against said 
wail so that the well fluids can pass into and through the 
screening element and into the liner. Further, our de 
vice reduces the amount of earth particles introduced into 
the liner itself. 

While we have described particular embodiments of 
our invention for the purpose of illustration, it should be 
understood that various modifications and adaptations 
thereof may be made within the spirit of the invention 
as set forth in the appended claims. 
We claim: 
1. A device for insertion in a well bore, which com 

prises a tube, an expansible screening element mounted 
on and surrounding said tube, said screening element 
being formed of a plurality of foraminous components 
having fluid screening characteristics, one of said com 
ponents having substantial resiliency, and another of said 
components having greater fluid screening properties than 
Said first component, and a constricting means maintain 
ing said screening element in compression, said constrict 
ing means being removable while said element is in said 
well bore, Said element being expansible radially a rela 
tively substantial amount on removal of said constricting 
means, and means Securely maintaining said screening 
element on said tube after said constricting mean is 
removed. 

2. A device as defined in claim 1, wherein said one of 
said components is composed of neoprene and said an 
other of said components is composed of a polymeric 
fluorocarbon. 

3. A device for insertion in a well bore, which com 
prises a tube, an expansible tubular screening element 
mounted on and surrounding said tube, said screening 
element being formed of a plurality of foraminous resil 
ient components, one of said components having greater 
resiliency than another of said components, and said an 
other of said components having superior fluid screening 
properties over said one of said components, and a con 
stricting means maintaining said screening element in 
compression, said constricting means being removable 
while said element is in said well bore, said element being 
expansible radially a relatively substantial amount on re 
moval of said constricting means, and means Securely 
maintaining said screening element on said tube after 
said constricting means is removed. 

4. A device as defined in claim 3, wherein said con 
stricting means is in the form of a sheath surrounding 
said tubular screening element. 

5. A device for insertion in a well bore which com 
prises a tubular liner, an expansible tubular screening 
element connected to said liner and Snugly surrounding 
said liner, said screening element being formed of two 
foraminous components having fluid screening character 
istics, one of said components having Substantial resil 
iency and the other of said components having substan 
tially greater fluid screening characteristics than the first 
of said components, and a constricting means engaging 
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Said element under compression to thereby reduce the 
diameter of said element, said constricting means being 
removable while said element is in said well bore, said 
element being expandable radially a relatively substan 
tial amount on removal of said constricting means, to 
thereby substantially fill the annulus between said liner 
and the wall of said bore. 

6. A device for insertion in a well bore which com 
prises a tubularliner, an expansible tubular screening elle 
ment connected to said liner and snugly surrounding said 
liner, said screening element being formed of two re 
silient foraminous components, one of said components 
having substantially greater resiliency than the other of 
Said components and the other of said components having 
Substantially greater fluid screening characteristics than 
the first of said components, and a constricting means 
engaging said element under compression to thereby re 
duce the diameter of said element, said constricting means 
being removable while said element is in said well bore, 
said element being expandable radially a relatively sub 
stantial amount on removal of said constricting means, 
to thereby substantially fill the annulus between said liner 
and the wall of said bore. 

7. A device as defined in claim 1, said components 
having multidirectional expansion characteristics capable 
of expanding and closing holes of substantial size formed 
in said components. 

8. A device as defined in claim 1, said constricting 
means being in the form of a material disintegratable 
by a fluid which attacks said material. 

9. A device as defined in claim 5, wherein said two 
components of said screening element are in the form 
of two concentric tubes, the inner concentric tube being in 
engagement with said tubular liner, and the outer con 
centric tube engaging the outer periphery of said inner & 
tube, said constricting means engaging the periphery of 
said outer tube. 

10. A device as defined in claim 9 wherein said inner 
tube has substantial resiliency and said outer tube has sub 
stantially greater fluid Screening characteristics than said 
inner tube, said inner tube having a substantially greater 
radial thickness than said outer tube, and said outer tube 
being in the form of a thin layer positioned around said 
inner tube. 

11. A device for insertion in a well bore which com 
prises a tubular liner, an expansible tubular Screening 
element connected to said liner and snugly surrounding 
said liner, said screening element being formed of two 
resilient foraminous components, said two components of 
said screening element being in the form of two concentric 
tubes, the inner concentric tube being in engagement with 
said tubular liner, and the outer concentric tube engaging 
the outer periphery of said inner tube, said inner tube 
having substantially greater resilience than said outer tube, 
and said outer tube having substantially greater fluid 
screening characteristics than said inner tube, and a con 
stricting means engaging the periphery of said outer tube 
and maintaining said element under compression to there 
by reduce the diameter of said element, said constricting 
means being removable while said element is in said well 
bore, said element being expandable radially a rela 
tively substantial amount on removal of said constricting 
means, to thereby substantially fill the annulus between 
said liner and the wall of said bore, and means maintain 
ing said inner and outer concentric tubes connected at their 
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14 
engaging peripheral surfaces when said constricting means 
is removed. 

12. A device as defined in claim 11, the material form 
ing said foraminous outer tube being of substantially 
greater pore size than the material forming said inner 
tube. 

13. A device as defined in claim 11, said components 
having multidirectional expansion characteristics capable 
of expanding and closing holes of substantial size formed 
in said components. 

14. A device as defined in claim 11, said constricting 
means being in the form of a material disintegratable by a 
fluid which attacks said material. 

15. A device as defined in claim 11, wherein said inner 
tube is composed of neoprene and said outer tube is com 
posed of a polymeric tetrafluoroethylene. 

16. A device as defined in claim 6, wherein said two 
components of said screening element are in the form 
of contiguous rings disposed one above the other around 
said tubular liner, alternate rings being composed of a 
material having substantially greater resilience than the 
adjacent alternate rings, and said adjacent alternate rings 
being composed of a material having substantially greater 
fluid screening characteristics than said first mentioned 
alternate rings. 

17. A device as defined in claim. 6, wherein said two 
components of said screening element are in the form of 
a plurality of segments each extending axially from one 
end to the other of said tubular screening element, and 
from the inner periphery of the tubular screening element 
radially outward to the outer periphery of the tubular 
screening element, alternate segments being composed of 
a material having substantially greater resilience than the 
adjacent alternate segments, and said adjacent alternate 
segments being composed of a material having Substan 
tially greater fluid screening characteristics than said first 
mentioned alternate Segments. 

18. A device for insertion in a well bore, which com 
prises a tube, an expansible screening element mounted 
on and surrounding said tube, said screening element be 
ing formed of a plurality of foraminous components hav 
ing fluid screening characteristics, one of said components 
having substantial resiliency, and another of said compo 
nents having greater fluid screening properties than said 
first component, and a constricting means maintaining 
said screening element in compression, said constricting 
means being removable while said element is in said well 
bore, said element being expansible radially a relatively 
substantial amount on removal of said constricting means. 
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