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This invention relates to a method and an apparatus 
for preventing the movement into a well bore of individual 
particles comprising an unconsolidated rock formation. 
Many underground rock formations are unconsolidated 

or so poorly consolidated that they readily disintegrate 
under the forces exerted upon them by the ?ow of forma 
tion ?uids into a well bore penetrating the formation. 
Such rock formations are hereinafter referred to gener 
ally as unconsolidated formations. It has been found that 
when ?uids ?ow from unconsolidated formations into 
a well bore, the displacement of formation particles into 
the ‘well bore permits the movement of additional par 
ticles farther back in the formation and results in plug 
ging of the well bore and of the formation ?ow channels 
‘around the well bore. To prevent the rearrangement of 
the formation particles under the forces of ?uid flow, 
it is necessary to prevent substantially the movement ‘of 
formation particles into the well bore. It is possible to 
assure the substantially complete prevention of the move 
ment of individual formation particles around or into the 
well bore by continually exerting a force outwardly from 
the well bore upon the wall of the well bore. Such force 
should be approximately equal to the force exerted upon 
the unconsolidated formation by the weight of the over 
bearing rock formations. 

Various methods and types of apparatus have been sug 
gested for alleviating the problems involved in producing 
?uids from a well bore penetrating an [unconsolidated for 
mation, among which is the setting of screens or slotted 
liners in the well bore adjacent the formation. Such de 
vices frequently are not entirely satisfactory because the 
slight movement of sand from the formation into the 
annulus of the well bore around the slot-ted liner or screen 
often results in plugging of the formation around the well 
bore and requires a work over operation to restore the 
well to production. Gravel packing ‘of the annulus formed 
by the wall of the well bore around a liner has also been 
suggested, but that method is expensive, involves a con 
siderable amount of rig time and does not always prevent 
plugging of the formation around the well bore. 

It is an object of this invention to provide a means 
whereby a spring supported expansible permeable liner 
can be set in a well bore penetrating a formation without 
substantial damage to the liner. 

This invention resides in a method and an apparatus 
for arresting the movement of formation particles around 
a well bore penetrating an unconsolidated rock forma 
tion by setting in the well bore an expansible permeable 
liner containing a helical spring whereby the liner is 
forcibly urged against the wall of the well bore. The 
apparatus of this invention comprises a setting tool suit 
able for ‘maintaining the spring and liner in a stressed 
condition while the liner and spring are being run in 
the well bore. The setting tool is so designed that, when 
the liner and spring are in position in the well bore, the 
setting tool ?rst reduces the elongating force on the 
spring and then reduces the torsional force. When the 
tensional stress in the spring is substantially released be 
fore the torsional stress is reduced, the forces acting to 
expand the liner into contact with the wall of the well 
bore are not exerted completely until the torsional stress 
in the spring is substantially released. Such a gradual re 
laxation of stresses in the spring produces a gradual ex 
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pansion of the liner which prevents tearing of the liner 
as the liner engages the \wall of the well bore. 
The construction and operation of the apparatus of this 

invention can be explained with reference to the ac 
companying drawings wherein: 
FIGURE 1 is a vertical cross-sectional view of an ex 

pansible permeable liner and its supporting springs se 
cured in a stressed condition on the setting tool of this 
invention. 
FIGURE 2 is a plan view of the top of the setting tool 

with the liner springs attached. 
FIGURE 3 is a plan view of the bottom of the setting 

tool with the liner springs attached. 
Referring to FIGURE 1, a Well bore 2 is shown pene~ 

trating an unconsolidated subterranean rock formation 3. 
The bottom of a string of well casing 4 rests on an in 
wardly extending shoulder 5 in well bore 2. Casing 4 
is secured to the wall of well bore 2 by a sheath of 
cement 6. An inwardly extending shoulder 7 at the bot 
tom of casing 4 engages the upper end of a rigid liner 
support 8. A snap ring 9 secures the upper end of an 
expansible permeable tubular liner 10 to the bottom of 
liner support 8. The setting tool, indicated generally by 
reference numeral 12, is shown with liner 10, liner sup~ 
port 8, and two interwoven helical liner springs 14 and 
16 secured to the setting tool 12 in the ‘stressed condi 
tion employed when the apparatus is suspended from a 
wire liner 18 and run in the well bore 2. 
The setting tool 12 comprises a cylinder 20 forming 

therein a torque pressure chamber 22 and an elongation 
pressure chamber 24 which are separated by a transverse 
wall 27. A bushing 28 is threadably connected to the 
upper end of cylinder 20 and partially closes the upper 
end of chamber 22. A torque piston 26 is incased in 
chamber 22, and a ?uid seal between the side of piston 
26 and the wall of chamber 22 is effected by an O-ring 
30 set in a groove 32 cut around the circumference of 
piston 26. Piston 26 extends from the lower end of a 
threaded shaft 34 which passes through the threaded 
central passage of bushing 28. The mating threads of 
shaft 34 and bushing 28 are both low-pitch, coarse threads 
to minimize the force required to turn shaft 34 in bushing 
28. 

Extending from the upper end of shaft 34 is a valve 
housing 38 connected to the lower end of wire line 18 
and containing an upper pressuring valve 40 ‘and an upper 
pressure release valve 42. Pressure ‘release valve 42 is 
actuated by suitable means such as an automatic timing 
mechanism 43, a solenoid (not shown in the drawing), or 
a detonating cap (not shown). A lateral ?uid passage 44 
extends through valve housing 38 between pressuring valve 
4% and pressure release valve 42. An upper longitudinal 
?uid passage 46 communicates with lateral ?uid passage 
44 and extends downwardly through shaft 34 and piston 
26 and opens into chamber 22. 
A circular disc 48 extends radially from the upper end 

of shaft 34 below valve housing 38. The diameter of 
disc 48 is slightly larger than the external diameter of 
cylinder 20. An upper cylindrical tool sleeve 50 extends 
from the circumference of disc 48 downwardly around 
cylinder 20 for approximately the length of shaft 34. The 
internal diameter of tool sleeve 50 is slightly larger than 
the external diameter of cylinder 20 to permit the unre 
stricted movement of tool sleeve 50 around cylinder 20 as 
shaft 34 is rotated in bushing 28. Two spring stays 52 
extend from the edge of disc 48 to secure the ends of 
springs 14 and 16 as indicated in FIGURE 2. The spring 
stays 52, positioned diametrically opposite each other on 
the circumference of disc 48, engage the ends of springs 14 
and 16 to impart a torsional force to springs 14 and 16 
when the springs are wound and to secure springs 14 and 
16 to the upper end of setting tool 12 until they unwind. 
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An elongation piston 54 is sidably incased within cham 
ber 24 and a ?uid seal between piston 54 and the wall of 
chamber 24 is provided by an O-ring 56 set in a groove 
58 cut around the circumference of piston 54. A cylinder 
collar 60, threadably connected to the lower end of cylin 
der 20 has an inwardly extending shoulder 62 to limit 
downward movement of piston 54 in chamber 24. A 
piston shaft 64, having a non-round cross-section, extends 
from the bottom of piston 54 downwardly through a 
similarly shaped central passage 66 in collar 60. The 
seating of shaft 64 in passage 66 prevents the turning of 
shaft 64. A circular base plate 68, extending radially from 
the lower end of shaft 64, has a diameter slightly larger 
than the external diameter of cylinder 20. A lower cylin 
drical tool sleeve 70 extends upwardly from the circum 
ference of base plate 68 and slides along the outer sur 
face of cylinder 20 as shaft 64 moves through passage 66 
in collar 60. Spring latches 72 are pivotally connected 
at 74 to base plate 68 as indicated in FIGURES 1 and 3. 
The lower ends of springs 14 and 16 are secured to spring 
latches 72 as shown in FIGURE 3, and the upward rota 
tion of latches 72 past a position that is parallel to the 
bottom of base plate 68 is prevented ‘by the seating of 
latches 72 against the surfaces 76 of base plate 68. 
A lower valve housing 78, extending downwardly from 

the bottom of base plate 68, contains an elongation pres 
suring valve 80 and an elongation pressure release valve 
82. Pressure release valve 82 is actuated by suitable 
means such as an automatic timing mechanism 83, a sole 
noid (not shown in the drawing), or a detonation cap 
(not shown). A lateral ?uid passage 84 connects valves 
80 and 82 with a longitudinal ?uid passage 86 extending 
through shaft 64 and piston 54 and opening into chamber 
24. 
The lower end of liner 10 is secured, as indicated in 

FIGURE 1, around a rigid retaining ring 88. The retain 
ing ring 88 has a diameter less than the diameter of base 
plate 68 and prevents upward movement of liner 10 around 
setting tool 12 while the tool and liner are being lowered 
through well bore 2. At the upper end of the apparatus, 
a ribbed disc 90 is secured within a groove 92 in the wall 
of liner support 8. The disc 90 is shaped like a spoked 
wheel and ?ts around wire line 18 to seat on top of valve 
housing 38 to prevent movement of liner 10 and liner sup 
port 8 downwardly around setting tool 12 as the tool and 
liner assembly are lowered through well bore 2. The disc 
90 is made of a frangible or deformable material that can 
be unseated from groove 92 by upward tension applied to 
wire line 18 and thereby permits the removal of setting 
tool 12 from the well bore 2 after liner 10 and liner sup 
port 8 are set therein. 
When the method and apparatus of this invention are 

employed to arrest the movement of unconsolidated 
formation particles into a well bore 2 penetrating the 
formation, the following procedure can be used. A single 
helical spring can be employed to support the liner in the 
well bore 2 according to the method of this invention. 
However two interwoven helical springs 14 and 16 have 
been described in the embodiment of the invention set 
forth in the speci?cation because the use of two springs 
instead of one imparts less motion and less stress to the 
expansible liner 10 when the liner 10 and springs 14 ‘and 
16 are released in the Well bore 2, thereby reducing the 
possibility of damaging the liner 10 while setting it. The 
interwoven springs 14 and 16 are slipped over the setting 
tool 12 and the tool 12 and springs 14 and 16 are elon~ 
gated by pumping a liquid through pressuring valve 80 in 
valve housing 78. While the springs 14 and 16 are being 
elongated, care must be taken that the ends of springs 14 
and 16 remain engaged by spring latches 72 at the lower 
end of springs 14 and 16 and by the spring stays 52 at 
the upper end of springs 14 and 16. When the ?uid pres 
sure in chamber 24 has forced the piston 54 into contact 
with the inwardly projecting shoulders 62 of collar 60, the 
injection of liquid through pressuring valve 80 is halted. 
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Then liquid is injected into pressuring valve 40 in valve 
housing 38 at the upper end of setting tool 12. Whilev 
liquid is being injected through valve 40 and ?uid passage 
46 into pressure chamber 22, the disc 48 is rotated to im 
part a torsional stress to the springs 14 and 16. Without 
the upward force exerted upon shaft 34 by the action of 
the ?uid pressure in chamber 22 upon piston 26, the restor 
ing force of the springs 14 and 16 would be adequate to 
rotate the disc 48 and unwind springs 14 and 16. How- i 
ever, when a su?’icient pressure is attained in chamber 22, 
the upward force exerted upon piston 26, and thereby 
transmitted to shaft 34, prevents the recession of piston 26 
and shaft 34 into chamber 22 and thereby prevents the 
restoring forces exerted by springs 14 and 16 from rotat~ 
ing disc 48 to unwind the springs. 

After the forces of elongation and torsion are applied 
to springs 14 and 16, ‘the expansible permeable tubular 
liner 10 is stretched over the springs 14 and 16 and 
mounted on setting tool 12. Alternatively, the liner 10 
and springs 14 and 16 can be mounted on the tool 12 I 
simultaneously before the stresses are applied to springs 
14 and 16. The expansible permeable liner 10 may be 
made from any material that resists corrosion from the . 
formation ?uids and is su?iciently deformable to conform ‘ 
to the variations in the diameter, of the well bore over 
the interval of the unconsolidated formation. Thus the 
liner 10 can comprise a tube of nylon or chemically 
treated rubber. Such a liner might ?t smoothly around 
springs 14 and 16, or it might be pleated or convoluted 
to allow for greater expansion. 
can comprise a thin-lwalled tube of sheet metal such as 
steel, copper, or brass. Such a liner can consist of a 
continuous, substantially cylindrical metal sheet or a 
wound sheet with overlapping ends. A metallic liner 
can be made of either smooth or corrugated metal. If 
the material of the expansible liner 10 is not naturally 
permeable, it can be rendered permeable by cutting slits 
in the liner or by perforating the liner wall and setting in 
each perforation a permeable sand barrier or cloth or a 
?ne mesh screen. 
The liner support 8 can be constructed of any rigid 

material such as metal or plastic that is resistant to cor 
rosion by the formation ?uids and can comprise any 
suitable means for securing liner 10 to the lower end of 
easing 4. ‘In a preferred embodiment of this invention, 
the upper end of liner 10 is secured to the lower end of 
liner support ‘8 by the metallic snap ring 9. The preced 
ing descriptions of the ‘liner 10 and liner support 8 are' 
not intended as exclusive of other embodiments of the 
apparatus of this invention but are presented merely by 
way of illustration. 

After liner 10 is mounted on setting tool 12, the timing 
mechanisms 43 and 83 on pressure release valves 42 and 
82 are set to assure that valve 82 is actuated a sub 
stantial period of time before valve 42. In the alternative, 
det-onating caps or solenoids can be attached to actuate 
valves 42 and 82 and can be connected by suitable elec 
tric leads to an energizing source at the surface. After 
the pressure release valve release mechanisms are set, 
the setting tool 12 with springs 14 and 16, liner 10, and 
liner support 8 secured are lowered through the well‘ 
bore to the level of the unconsolidated formation. 

According to the method of this invention pressure 
release valve 82 is actuated ?rst and permits the gradual 
bleeding off of the pressure liquid contained in chamber 
24. Such a release of the pressure exerted on piston 54‘ 
reduces the tensioning forces on springs 14 and 16 and 
permits the restoring forces of springs 14 and 16 to re 
tract the springs, thereby shortening them. After the 
springs have shortened, pressure liquid contained in 
is actuated and permits the pressuring liquid contained in 
chamber 22 to bleed off gradaully. The release of the 
pressure exerted upon piston 26 reduces the upward force 
exerted upon shaft 34 in bushing 28, and the restoring 
forces of springs 14 and 16 are then capable of rotating 

Alternatively, liner 10 
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disc 48, thereby reducing the torsional stress on springs 
14 and 16. As springs 14 and 16 unwind and the di 
ameter of the springs increases, springs 14 and 16 and 
the expansible well bore liner 10 forcibly engage the 
wall of the well bore in substantial conformity with the 
contours of the wall. Because the release of the liquids 
from chambers 22 and 24 is controlled to allow for a 
gradual reduction in the forces exerted on pistons 26 and 
54, the release of the stresses in springs 1-4 and 16 does 
not occur substantially instantaneously but rather is re 
duced gradually to prevent damage to the liner 10 as it 
comes into contact with the wall of the well bore 2. As 
the torsional stresses in springs 14 and 16 are reduced 
and the diameter of the springs increases, the upper and 
lower ends of springs 14 and 16 disengage from spring 
stays 52 and spring latches 72 to permit the subsequent 
release and removal of setting tool 12 from well bore 2 
after the liner 10 and springs 1-4 and 16 have engaged 
the wall of Well bore 2. 
The preceding description discloses a method and an 

apparatus for setting an expansible liner in a well bore 
penetrating an unconsolidated formation. The invention 
disclosed herein has many advantages over the methods 
and apparatus heretofore suggested for supporting a well 
bore in an unconsolidated formation. For example, the 
method by which the tool operates to set the liner in the 
well bore by ?rst gradually reducing the elongation of 
the spring and subsequently gradually releasing the tor 
sion in the spring prevents damage to the liner and as 
sures a substantial conformance of the shape of the set 
liner to the contours of the wall of the well bore. An 
other advantage provided by the method and apparatus 
of this invention is that the forceable engagement of 
the liner with the wall of the Well bore in conformity 
with the irregularities therein assures substantially com 
plete prevention of the movement of individual forma 
tion particles around or into the well bore. Thus, plug 
ging of the unconsolidated formation some distance away 
from the well bore owing to rearrangement of the forma 
tion particles is prevented. 
Although the foregoing speci?cation has described the 

use of the apparatus of this invention in an open well 
bore, the apparatus and procedures set forth can also be 
used to set an expansible liner in a cased or cemented 
well bore. Such an embodiment of this invention can 
be employed to set an impermeable liner in a well bore 
to seal off a leaking joint of casing or a poorly cemented 
section of the well bore. While the preceding speci?ca 
tion has described a single embodiment of this inven 
tion in considerable detail, it is obvious that others skilled 
in the art can device and build alternate and equivalent 
devices which are within the scope and spirit of this in 
vention. Therefore it is desired that the protection af 
forded this invention be limited not by the constructions 
illustrated and described herein but only by the proper 
scope of the appended claims. 

Therefore I claim: 
1. A method for arresting the movement of formation 

particle-s around a well bore penetrating an unconsolidated 
formation comprising inserting in the well bore at the 
level of the formation an expansible permeable tubular 
liner, inserting with the liner into the well bore control 
lable means to expand the liner; said means constricted 
by tensional and torsional stresses when said means are 
inserted in the well bore to permit the passage of said 
means and liner through the Well bore, positioning the 
liner and said means in the Well bore adjacent the forma 
tion, ?rst gradually releasing the tensional stress in said 
means, then gradually releasing the torsional stress in 
said means, thereby expanding said means and urging the 
liner into forceable engagement with the wall of the well 
bore in substantial conformity with the contours of said 
well bore. 

2. A method for arresting the movement of formation 
particles around a well bore penetrating an unconsoli 
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dated formation comprising inserting in the well bore at 
the level of the formation an expansible, permeable tubu 
lar liner having extending therethrough a helical spring 
subjected to both tensional and torsional forces which 
oonstrict the spring and reduce its diameter sufficiently 
to permit the passage of the spring and liner through the 
well bore, positioning the spring and liner adjacent the 
unconsolidated formation, ?rst releasing the tensional 
forces, exerted upon the spring to shorten the spring and 
increase its diameter, then releasing the torsional force 
exerted upon the spring to expand, the diameter of the 
spring, thereby urging the liner to forceably engage the 
wall of the well bore in substantial conformity with the 
contours of said well bore. 

3. A method for arresting the movement of formation 
particles around a well bore penetrating an unconsoli 
dated formation comprising inserting in the Well bore at 
the level of the formation an expansible permeable tubu 
lar liner containing a helical spring subjected to both 
tensional and torsional forces to const-rict the spring and 
reduce its diameter su?'iciently to permit the passage of 
the spring and liner through the well bore, positioning 
the spring and liner in the Well bore adjacent the forma 
tion, ?rst gradually releasing the tensional force exerted 
upon the spring to shorten the spring and increase its 
diameter, subsequently gradually releasing the torsional 
force exerted upon the spring to farther expand the di 
ameter of the spring and thereby urge the liner to force 
ably engage the wall of the well bore in substantial con 
formity with the contours of the well bore. 

4. In a method for arresting the movement of forma 
tion particles around a well bore penetrating an uncon 
solidated formation by forceably urging against the wall 
of the well bore an expansible permeable tubular liner 
containing a helical spring which has been constricted by 
the imposition in. the spring of tensional and torsional 
stresses to allow the passage of the spring and liner through 
the well bore, the improvement comprising the setting of 
the spring and liner in the well bore adjacent the forma 
tion by ?rst releasing the tensional stress in the spring, 
then releasing the torsional stress in’ the ‘spring to increase 
the diameter of the‘ spring and urge the ‘liner into force 
able engagement with the wall of the well bore in substan~ 
tial conformity with the contours of the well bore. 

5. A tool for inserting and setting in a well bore an 
expansible permeable liner mounted on said tool around 
a helical spring comprising ‘?rst means to impart a ten 
sional stress to said spring, second means to impart a tor 
sional stress to said spring, third means for gradually re 
leasing the tensional and torsional stresses whereby the 
spring and liner are urged into forceable engagement with 
the Wall of the well bore, and control means adapted to 
assure that the tensional stress is substantially released 
before the torsional stress is reduced. 

6. A tool for inserting and setting in a well bore an 
expansible permeable liner containing a spring to urge 
the liner into forceable engagement with the wall of the 
well bore, said tool comprising a ?rst cylinder-piston unit 
having means to secure the spring to one end of the tool 
and to sustain a torsional stress in the spring while the 
tool is being run in the well bore, a second cylinder 
piston unit having means to secure the spring to the other 
end of the rtool and to impart a tensional stress to the 
spring and sustain said tensional stress while the spring 
is being run in the well bore, and means whereby ?rst 
the tensional stress is substantially released and thereafter 
the torsional stress is released to free the spring from the 
tool, thereby permitting removal of [the tool from the well 
bore after the spring and liner have been set therein. 

7. Apparatus for arresting the movement of formation 
particles around a well bore penetrating an unconsolidated 
formation comprising a string of well casing secured to 
the Wall of the well bore and extending therein from the 
surface to a depth slightly above the top of the formation, 
a setting tool suspended on a steel cable Within the well 
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bore adjacent the formation below the lower end of the 
casing, an expansible permeable tubular liner containing 
a helical spring and detachably mounted with the spring 
on the setting tool, rigid liner supporting means connected 
to the upper end of the liner and adapted to engage the 
lower end of the casing above the formation, said setting 
tool having means to impart tensional and torsional 
stresses to said spring, said setting tool also having con 
trollable means for gradually releasing ?rst the tensional, 
and thereafter the torsional, stresses in said spring where 
by the spring and liner are disengaged from the setting 
tool and are urged into forceable engagement with the 
wall of the well bore. 

8. A tool for inserting and setting in a well bore an 
expansible permeable tubular liner containing a helical 
spring to urge said liner into forceable engagement with 
the wall of the well bore, said tool comprising a cylinder 
forming separate ?rst and second pressure chambers there 
in, an upper closure means connected to the upper end of 
said cylinder, said closure means having a threaded pas 
sage therethrough, a threaded cylindrical shaft rotatably 
secured in the passage through said upper closure means, 
an upper piston mounted on the bottom of the threaded 
shaft and slidably incased in the ?rst chamber, means 
extending from the upper end of said threaded shaft and 
engaging the upper end of the spring, means to impart ?uid 
pressure to the ?rst chamber and the upper piston where~ 
by motion of the threaded shaft through the upper closure 
means is prevented, lower closure means connected to 
the lower end of the cylinder, a non-round passage ex 
tending through said lower closure means, a non-round 
shaft slidable in the passage through the lower closure 
means, a lower piston mounted on the upper end of said 
non-round shaft and slidably incased in the second cham— 
ber, means extending from the lower end of the non— 
round shaft to secure the lower end of the spring to the 
tool, means to impart ?uid pressure to the second chamber 
and the lower piston to move the lower piston downwardly 
and thereby elongate the spring, and means to provide for 
the controlled gradual release of ?uid pressure from the 
second chamber and thereafter from the ?rst chamber 
whereby the liner and spring are released from the tool 
and forceably engage the wall of the well bore in sub 
stantial conformity with the contours thereof. 
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9. A setting tool for inserting and setting in a well bore 

an expansible permeable tubular liner mounted on said 
tool around a plurality of interwoven helical springs, said 
tool suspended on a steel cable in the well bore and com 
prising a cylinder having upper and lower pressure cham 
bers therein, a bushing threadably connected to the upper 
end of the cylinder, a central threaded passage through 
said bushing, a rotatable threaded shaft extending through 
said central passage, an upper piston extending from the 
lower end of the threaded shaft and slidably incased in 
the upper chamber, means at the upper end of the threaded 
shaft adapted to engage the upper ends of the springs and 
secure the springs to the tool, means to impart a ?uid 
pressure to the upper chamber and piston whereby rota 
tion of the threaded shaft in the bushing is prevented, a 
collar connected to the lower end of the cylinder and ‘ 
having an inwardly extending shoulder, a non-round pas 
sage extending through the shoulder, a non-round shaft 
slidable in the non-round passage, a lower piston extend 
ing from the top of the non-round shaft and slidably in 
cased in the lower chamber, a disc mounted on the lower 
end of said non-round shaft, a plurality of rigid spring 
latches pivotally connected to said disc and extending 
radially therefrom to engage the lower ends of the springs 
and secure the springs to the tool, means to impart a ?uid 
pressure to the lower chamber and piston whereby the 
springs are elongated, and timing means to effect the 
gradual release of ?uid pressure ?rst from the lower 
chamber and thereafter from the upper chamber whereby 
the springs are disengaged from the tool and urge the 
liner to engage the wall of the well bore in substantial 
conformity with the contours thereof. 
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