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United States Patent Office 2,761,514 
Patented Sept. 4, 1956 

2,761,514 
APPARATUS FOR REMOVING DRILLING MUD 
FROMA WELL HAWENG A PREPACKED LNER 

Caretace J. Coberty, Los Angeles, Calif., assigaor, by 
nesiae assigaments, to Kobe, Inc., Haitington Park, 
Calif., a corporation of California 

Application June 12, 1950, Serial No. 167,633 
4 Caimas. (C. 166-144) 

The present invention relates in general to apparatus 
for bringing in a well and, more particularly, to appa 
ratus for removing foreign material such as drilling muld 
from an annulus between the well bore and a foraminous 
liner set in the well bore at the level of a producing for 
nation, a priinary object of the invention being to provide 
apparatus for removing substantially all of the drilling 
mud from such an annulus while preventing the drilling 
mud from entering the foramina of the liner. 

Aithough inci limited thereto, the present invention 
is of particular utility in completing an oil well and will 
be described in Such connection herein as a matter of 
convenience. In drilling an oil well by the rotary method, 
it is customary to circulate a heavy drilling mud down 
wardly through the drill pipe and upwardly through the 
annulus between the drill pipe and the casing, or the 
annulus between the drill pipe and the well bore. As is 
well known in the art, such a circulation of drilling mud 
performs several functions, one of these being to remove 
from the wei bore cuttings produced by the drill bit. 
The driiling mud also serves as a lubricant and, since it 
has a relatively high density, the column of drilling mud 
in the well bore provides a high static pressure which 
holds back any cil and gas tending to enter the well bore 
until such time as the well is ready to be brought in. 
Also, the drilling mud plasters the wall of the well bore 
to prevent cave-ins or Sanding up. It is, of course, nec 
essary to remove the drilling mud from the well bore in 
order to bring in the well, as will be discussed in more 
detail hereinafter. 

Oil and gas producing formations are usually sands hav 
ing varying degrees of consolidation and varying particle 
sizes. For example, the degree of consolidation may 
raige from loose sand to sandstone and the particle size 
may range from very fine or flour sand to coarse gravel. 
The thickness of the producing formation is also variable 
and may range from a few feet to several thousand feet. 
In wells having producing formations composed of rela 
tively loose sand, there is a tendency for the sand to 
sluff off into the well bore and thus cause the well to sand 
up, particulariy where the formation is relatively thick. 
In order to prevent this, it is customary to set in the well 
bore at the level of the producing formation a foraminous 
liner the foramina of which are sufficiently small to sub 
stantially exclude the sand from the interior of the liner 
while permitting oil, gas and any other fluids forming the 
well fluid to enter the interior of the liner. The fo 
raminois liner may comprise a screen casing, which is 
merely a casing having perforations therein, usually in the 
form of narrow slots. Alternatively, a prepacked gravel 
insr may be employed, such a liner comprising perforated 
inner and outer casings which are concentrically arranged 
and interconnected, but which are spaced apart radially 
to provide an annulus to receive a gravel pack, the term 
"gravel pack’ covering a pack formed of particles rang 
ing in size from fine sand to coarse gravel. The screen 
casing type of liner is satisfactory when the producing 
formation is composed of relatively large particles, but 

0. 

5 

20 

25 

30 

40 

50 

60 

70 

2 
is not feasible for fine sand since the slots must then be 
of Such narrow width as to make manufacturing costs 
prohibitively high. Also, under such conditions, the slots 
must be so numerous, in order to provide adequate per 
meability, as to weaken the liner materially. With a pre 
packed gravel liner, on the other hand, the particle size 
of the gravel employed for the gravel pack may be mate 
iially larger than the effective particle size of the forma 
tion Sand, e. g., ten times the effective particle size, and 
the prepacked gravel liner will still substantially exclude 
the formation sand from the interior of the liner. Con 
Sequently, with the relatively large particles employed 
for the gravel pack, the slots or other perforations in the 
inner and outer casings of the prepacked liner may be 
relatively large and the slots in the inner casing in par 
ticular may be relatively few in number to avoid the ob 
jections voiced above. As a matter of convenience in 
disclosing the present invention, it will be considered 
hereinafter in connection with a prepacked gravel liner, 
although it will be understood that it is not necessarily 
limited thereto. 

After drilling of a well bore has been completed and a 
casing and liner set therein, it is necessary to remove the 
drilling mud employed during the drilling operation be 
fore the well can be brought in, as is well known in the 
art. The major portion of the drilling mud may be re 
noved from the Weil bore readily in various ways, but, be 
fore the well can be brought in, it is necessary to remove 
Substantially all of the drilling mud from the annulus 
between the well bore and the foraminous liner. If the 
formation pressure is sufficiently high, the oil and gas 
contained in the formation may displace the drilling mud 
from the ar}}lulus, but, in most instances, this is not the 
case and it is necessary to wash the mud from behind 
the liner with water, or various other suitable fluids. 
When this is done in accordance with prior practice, the 
drilling mud is forced out of the annulus through the 
foramina of the liner, whether such foramina be slots 
in a screen casing, or interstices between particles of a 
gravel pack. This frequently results in plugging a sub 
stantial portion of the foraminous liner with the drilling 
nud to render it relatively impermeable to flow of well 
fluid from the producing formation. Also, when the 
annulus is washed out in this manner, the driling mud 
frequently re-enters the annulus above and below the 
point of Washing so that it is extremely difficult to remove 
all of the mud. 
An important object of the present invention, there 

fore, is to provide apparatus for removing the drilling 
mudfrom the annulus between the liner and the well bore 
which eliminate the foregoing disadvantages of conven 
tional practise. 
An important object is to provide a foraminous liner 

which is impervious to the drilling mud so that the mud 
cannot enter and close the foramina of the liner. 
More Specifically, an important object is to provide a 

forarhinous liner the foramina of which are closed by a 
Sealing material which is insoluble in the drilling mud, 
i. e., in the vehicle carrying the drilling mud, but which is 
Soluble in another fluid so that it may be dissolved out to 
open the foramina of the liner once the drilling mud has 
been removed from behind the liner. A related object 
is to provide a sealing material for the foramina of the 
liner which is oil soluble so that it may be dissolved out 
by the oil from the producing formation. 
An important object is to employ a sealing material 

in certain applications of the invention which is soluble in 
a solvent other than oil or water. With such a sealing 
material, various Zones of the liner may be opened selec 
tively by applying the solvent only to those zones which 
are to be opened. For example, it may be desirable to 
open only the lower end of the liner initially, particularly 
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where the upper end of the liner may be in or near a gas 
cap when the well is first brought in. Opening the entire 
liner when the well is first brought in would, under such 
conditions, result in an excessive gas-oil ratio. Also, if 
part of the producing formation is a very tight sand, it is 
desirably opened first to get it cleaned out thoroughly be 
fore production is started from the more permeable parts 
of the formation. If the tight sand is not cleaned out while 
the formation pressure is high, it may never produce since 
the Well fluid will by-pass it when more permeable parts 
of the formation are opened. Thus, the use of a sealing 
material requiring a special solvent permits selective open 
ing of the liner with advantages such as those noted above. 
Another object is to provide apparatus for conducting 

the Washing fluid to the lower end of the annulus and for 
discharging the washing fluid and drilling mud from the 
upper end thereof so that the vertical washing in the an 
nullus takes place in an upward direction. 
Another object is to provide apparatus for conducting 

the Washing fluid into the annulus at the upper end there 
of and for discharging the washing fluid and the drilling 
mud from the lower end thereof so that the vertical wash 
ing in the annulus takes place in a downward direction. 

Another important object is to provide a liner having 
adjacent its respective ends inlet and outlet passages which 
are adapted to communicate with the annulus behind the 
liner to permit such vertical washing of the annulus. 
Another object is to provide an apparatus including a 

wash pipe which is adapted to be removably connected to 
the liner in fluid-tight engagement therewith and in com 
municiation with one of the aforementioned passages. 

Still another important object is to provide valve means 
actuable by the wash pipe upon connection thereof to the 
liner for opening the inlet and outlet passages, and ac 
tuable by the Wash pipe upon disconnection thereof from 
the liner for closing the inlet and outlet passages. With 
this construction, the well fluid in the annulus can enter 
the interior of the liner only through the foramina there 
of once the wash pipe has been removed and the sealing 
material in the foramina has been dissolved out, which 
is another feature of the invention. 
The foregoing objects and advantages of the present 

invention, together with other objects and advantages 
thereof which will become apparent, may be attained 
through the employment of the exemplary embodiments 
of the invention which are illustrated in the accompanying 
drawings and which are described in detail hereinafter. 
Referring to the drawings: 

Fig. 1 is a vertical sectional view of the upper end of 
the invention as installed in a well; 

Fig. 2 is a downward continuation of Fig. 1; 
Fig. 3 is a downward continuation of Fig. 2 and illus 

trates the lower end of the invention; 
Figs. 4 and 5 are transverse sectional views respectively 

taken along the broken lines 4-4 and 5-5 of Fig. 2; 
Fig. 6 is a transverse sectional view taken along the 

broken line 6-6 of Fig. 3; 
Figs. 7 and 8 are vertical sectional views which are 

similar to Figs. 2 and 3, respectively, but which illus 
trate other operating positions for various components of 
the invention; and, 

Figs. 9 and 10 are semidiagrammatic views illustrating 
the operation of the invention. 

Referring particularly to Figs. 1 to 3, the numera 11 
designates a well casing set in a well bore 12 in a forma 
tion 13, the latter including a producing formation 14 
containing well fluid. The well fluid may, for example, 
include oil, gas, water and the like. In order to permit 
the well fluid to flow from the producing formation 14 
into the well bore 12, the lower end 15 of the well casing 
11 is located above the upper surface of the producing 
formation and is cemented in to prevent communication 
between the producing formation and formations there 
above. 

Disposed in the well casing 11 and extending down 
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4 
wardly below the lower end 15 thereof into that portion 
of the well bore 12 which is defined by the producing 
formation 14 is a liner or liner assembly 20 which is Sup 
ported by the casing 1 through the medium of slips 21 in 
the usual manner and which carries packing means 22 
providing a fluid-tight seal between the liner and the 
casing. The diameter of the liner 20 is somewhat less 
than that of the well bore 12 in the producing formation 
14 so as to provide an annulus 23 therebetween, the func 
tion of the packing means 22 being to close the upper 
end of the annulus 23 so that well fluid from the produc 
ing formation may enter the interior of the liner only 
through a foraminous section 24 thereof. Referring par 
ticularly to Fig. 1, the liner 20 includes a tubular mem 
ber 27 which is encompassed by the packing means 22, 
vertical novement of the packing means upwardly rela 
tive to the tubular member 27 being prevented by a col 
lar 28 threaded onto the upper end of the tubular mem 
ber 27. The collar 28 is internally threaded at its upper 
end to receive a tubing, such as a drill pipe, not shown, 
by means of which the liner 20 may be set in or removed 
from the well as is well known in the art. Below the 
packing means 22 and encompassing the tubular member 
27 is a downwardly tapering collar 29 which engages 
complementarily tapered surfaces on the slips 21 so that 
the weight of the liner 29 acts through the tapered collar 
29 to bias the slips into positive engagement with the well 
casing 11 to support the liner in the usual manner. The 
slips 2 are carried by spring arms 30 which are carried 
by an annular cage 31 encompassing the tubular member 
27 and frictionally engaging the well casing 11. The 
cage 3 includes vertical strips of spring steel bent to pro 
vide a barrel-like shape for the cage and fastened top 
and bottom to collars slidably mounted on the member 
27. The foregoing structure for supporting and sealing 
the liner relative to the casing comprises a hook-wall 
packer which, per se, is well known in the art and which 
is therefore only incompletely shown. 
As shown in Fig. 2, the liner 20 includes a coupling 34 

which is threaded onto the lower end of the tubular 
member 27 and which is provided with a passage 35 
comprising a plurality of radial ports 36, the passage 35 
providing fluid communication between the interior of 
the liner 20 and the annulus 23 at a point adjacent the 
upper end of the annulus. The coupling 34 is provided 
with an axial bore 37 therethrough which cooperates 
with a counterbore 38 therein to provide a tapered valve 
seat 39 for a tubular valve 40 which makes a sliding fit 
with the wall of the counterbore 38. The tubular valve 
40 is threaded at its lower end, preferably with a left 
hand thread, into a second counterbore 4 in the cou 
pling 34 so that rotation of the tubular valve in one direc 
tion causes it to advance upwardly into engagement with 
the valve seat 39 to close the passage 35. Rotation of 
the tubular valve 40 in the opposite direction causes it to 
retreat downwardly away from the valve seat 39 to open 
the passage 35. Leakage between the tubular valve 40 
and the coupling 34 is prevented by an O-ring 42. 

Referring particularly to Figs. 2 and 4, the tubular 
valve 40 is provided with a pair of inwardly extending, 
vertical ribs 45 which are adapted to be engaged by out 
Wardly extending, vertical ribs 46 on a tubing 47 which, 
as will be discussed in more detail hereinafter, serves as 
a Wash pipe. The wash pipe 47 extends downwardly 
from the surface of the ground and is insertable into 
the liner 20, the upper ends 48 of the ribs 45 and the 
lower ends 49 of the ribs 46 being tapered to facilitate 
insertion of the ribs 46 into the tubular valve 40. As 
will be apparent, if the wash pipe 47 is rotated at the 
surface of the ground, the ribs 46 thereon engage the ribs 
45 on the tubular valve 40 to communicate such rota 
tion of the wash pipe to the tubular valve, thereby caus 
ing it to advance toward or retreat from the valve seat 
39 to close or open the passage 35, depending upon the 
direction of rotation of the wash pipe. 
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Referring particularly to Fig. 2, threaded into the lower 
end of the coupling 34 is an inner casing 52 which is ren 
dered foraminous throughout a substantial portion of its 
length, as by being provided with vertical slots 53 therein. 
Encompassing and welded or otherwise secured to the 
inner casing 52 are vertically spaced rings 54, the ends 
of an outer casing 55 being welded or otherwise secured 
to the rings 54 to provide an annular space 56 between 
the inner and outer casings. The outer casing 55 is also 
ren lidered foraminous, as by being provided with hori 
zontal slots 57 therein. The annular space 56 between 
the inner and outer casings 52 and 55 contains a gravel 
pack 58, the size of the particles of the gravel pack be 
ing dependent upon the size of the particles forming the 
producing formation 14, as is well known in the art. 
The foraminous portion of the inner casing 52, the outer 
casing 55 and the gravel pack 58 constitute a prepacked 
gravel liner and form the aforementioned foraminous 
section 24 of the liner 20. 

Referring particularly to Fig. 3, the lower end of the 
inner casing 52 is threaded into a shoe 61 forming part 
of the liner or liner assembly 20, this shoe having a 
bore 62 therethrough and having at the upper end of the 
bore 62 a threaded counterbore 63 which cooperates with 
the bore 62 to define a shoulder 64. The lower end of S 
the wash pipe 47 is adapted to be threadedly connected 
to the shoe 61, preferably by a left hand thread, in com 
munication with the bore 62 therein by inserting the lower 
end of the wash pipe into the threaded counterbore 63 
and simultaneously rotating the wash pipe at the surface 
of the ground, the upper end of the counterbore 63 being 
divergent, as indicated at 65, to guide the lower end of 
the Wash pipe into the counterbore 63. Threaded inser 
tion of the lower end of the wash pipe 47 into the counter 
bore 63 is limited by engagement of the lower end sur 
face of the wash pipe with the shoulder 64. 
The bore 62 forms part of a passage 68 which com 

municates at one end with the annulus 23 adjacent the 
lower end thereof and which communicates at its other 
end with the wash pipe 47 when the latter is threadedly 
connected to the shoe 61. The passage 68 also includes 
the interior of an annular valve seat 69 which is clamped 
between an internal flange 70 on a collar 71 threaded 
onto the lower end of the shoe 61 and the upper end of 
a fitting 72 which is threaded into the collar 71. The 
fitting 72 is generally cup-shaped and is provided with 
a transverse wall 73 having ports 74 therethrough which 
also form part of the passage 68, the interior of the fitting 
72 below the wall 73 communicating with the lower end 
of the annulus 23 through ports 75 which form further 
elements of the passage 68. To recapitulate, the passage 
68 provides fluid communication between the lower end 
of the annulus 23 and the interior of the wash pipe 47 
when the latter is threadedly connected to the shoe 65 
and includes the bore 62, the interior of the collar 71, 
the interior of the annular valve seat 69, the interior of 
the fitting 72, and the ports 74 and 75. 
The transverse wall 73 of the fitting 72 is provided with 

a central bore 78 therein which receives and serves as a 
guide for the stem 79 of a poppet valve 80, the latter 
being adapted to engage the annular valve seat 69 to 
close the passage 68 and being biased toward its closed 
position by a spring 8 seated at one end against the 
valve 80 and at its other end against the transverse wall 
73. The poppet valve 39 is adapted to be moved toward 
its open position against the action of the spring 81 by 
an actuating element which consists of a stem 82 having 
a head 83 which is disposed within and secured to the 
lower end of the wash pipe 47. As best shown in Fig. 
6, the head 83 of the stem 82 comprises a plurality of 
radial arms 84 which are spaced apart circumferentially 
to provide fluid communication between the bore 62 of 
the passage 68 and the interior of the wash pipe. 
As will be apparent, as the wash pipe 47 is threaded 

into the counterbore 63 in the shoe 6, the stem 82 opens 
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6 
the poppet valve 80 to provide fluid communication be 
tween the lower end of the annulus 23 and the interior 
of the wash pipe. Conversely, as the wash pipe is 
threadedly disconnected from the shoe 61, the spring 
81 closes the poppet valve 80 to prevent fluid communi 
cation between the lower end of the annulus 23 and the 
interior of the wash pipe 47, or the interior of the 
liner 20. 
The threaded connection between the tubular valve 

40 and the coupling 34 is such that the tubular valve 
is moved toward its open position to open the passage 
35 providing fluid communication between the upper 
end of the annulus 23 and the interior of the liner 20 
as the wash pipe is threadedly connected to the shoe 6i. 
Consequently, the tubular valve 40 is moved toward its 
closed position to close the passage 35 as the wash pipe 
47 is disconnected from the shoe 61. 
Thus, as the wash pipe 47 is threadedly connected 

to the shoe, it opens both the valves 40 and 80 and, 
as it is disconnected from the shoe, it closes both the 
valves 40 and 80, the position of the wash pipe when 
the valves 40 and 80 are open being shown in Figs. 
2 and 3 and the position of the wash pipe just after 
closing the valves 4 and 80 being shown in Figs. 7 and 
8. Thus, with this arrangement, both of the valves 40 
and 80 are closed upon disconnection of the wash pipe 
from the shoe 6 to prevent fluid flow from the annulus 
23 into the liner 26 by way of the passages 35 and 68, 
thereby limiting such flow to the foraminous section 24 
of the liner 20. 

It will be understood that, as previously indicated, the 
annulus 23 between the producing formation 4 encom 
passing the well bore 2 and the liner 20 may be partial 
ly or completely filled with drilling mud when the liner 
20 is set in the well. In order to bring the well in, i.e., 
to permit well fluid to flow from the producing forma 
tion 14 into the annulus 23, it is necessary to remove at 
least substantially all of the drilling mud from the an 
nulus 23, including any drilling mud that may be plastered 
on the wall of the well bore at the level of the producing 
formation. In order to prevent reducing the permeability 
of the foraminous section 24 of the liner 20, an im 
portant feature of the invention is to exclude the drilling 
mud from the foramina of the foraminous section 24 
during the operation of removing the drilling mud from 
the annulus 23. In accordance with the invention, this 
is accomplished by filling the foramina of the foraminois 
section 24 with a sealing material which is soluble in a 
predetermined solvent, but which is preferably insoluble 
in the drilling mud, i. e., in the vehicle carrying the drill 
ing mud, so that it will not be dissolved out to open the 
foramina to the drilling mud during the operation of re 
moving the drilling mud from the annulus 23. The seal 
ing material preferably closes substantially all of the in 
terstices between the particles of the gravel pack 58 and 
may also close the slots or other foramina in the inner 
and outer casings 52 and 55 of the foraminous section 
24 of the liner 20. An important feature is that, since 
all of the interstices are substantially filled, a hydraulic 
balance is attained so that no pressure differential exists 
which would tend to cause the mud to enter the pack. 
The nature of the sealing material employed to close 

the foramina of the foraminous section 24 depends upon 
the nature of the drilling mud vehicle, the fluid el 
ployed to remove the driling mud and the solvent em 
ployed to dissolve out the sealing material. Since the 
drilling mud vehicle and the fluid used to remove the 
drilling mud are ordinarily water, the sealing material is 
preferably water insoluble, although if fluids other than 
water are employed for removing the drilling muid in 
particular, it is preferable that the sealing material be 
insoluble in such fluids also. It is convenient to rely 
upon the oil in the producing formation 14 to dissolve 
out the sealing material after the drilling mud has been 
removed, in which case it is necessary that the Sealing 
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material be oil soluble. However, as will be discussed 
in more detail hereinafter, other solvents may be em 
ployed to dissolve out the sealing material, in which case 
it is necessary that the sealing material be soluble in such 
solvents. Examples of suitable oil soluble and water in 
soluble materials for closing the foramina of the forami 
nous section 24 of the liner 20 are natural asphalts, 
napthalenes, high melting point waxes, partially poly 
merized natural resins, asphaltic emulsions, Sulphur, and 
the like. 

Considering the operation of the invention, it will be 
assumed that the liner 20 has been set in the well in the 
position shown in the drawings with the foramina of 
the foraminous section 24 thereof closed by an appro 
priate sealing material. Subsequently, the wash pipe 47 
is lowered into the well and the lower end thereof is 
threadedly connected to the shoe 6i, thereby opening 
the valves 40 and 80 to provide fluid communication be 
tween the upper end of the annulus 23 and the interior 
of the liner through the passage 35 and to provide com 
munication between the lower end of the annulus and 
the interior of the wash pipe through the passage 68. 
Alternatively, the lower end of the wash pipe 47 may be 
connected to the liner 20 on the surface prior to lower 
ing the liner and the wash pipe into the well. 

After the liner 20 has been set in the well and the 
wash pipe 47 has been connected thereto in the manner 
indicated, the drilling mud in the annulus 23 is washed 
therefrom by circulating washing fluid, which may be 
water, for example, vertically throughout substantially 
the entire length of the annulus from one of the passages 
35 and 68 to the other. In Fig. 9, the flow of washing 
fluid is shown as being in the upward direction, the 
passage 68 in this instance serving as an inlet passage 
and the passage 35 serving as an outlet passage. Under 
the conditions illustrated in Fig. 9, the washing fluid 
flows downwardly through the wash pipe 47 and carries 
the drilling mud removed from the annulus 23 upward 
ly through the annular space between the wash pipe and 
the casing 1. Under the conditions illustrated in Fig. 
10, the washing fluid flows downwardly through the 
annulus between the wash pipe and the casing 11 and 
enters the annulus 23 between the well bore 12 and the 
liner 20 through the passage 35, which in this instance 
serves as an inlet passage into the annulus 23. Conse 
quently, under such conditions, the passage 68 serves as 
an outlet or discharge passage from the annulus 23 and 
the washing fluid, together with the drilling mud re 
moved from the annulus 23 thereby, flows upwardly to 
the surface of the ground through the wash pipe 47. 

It will be apparent that, by establishing a continuous 
flow of washing fluid throughout substantially the entire 
length of the annulus 23, it is possible to remove sub 
stantially all of the drilling mud from the annulus, 
which is an important feature of the invention. Such 
flow throughout substantially the entire vertical length of 
the annulus 23 is attainable because of the fact that the 
foramina of the foraminous section of the liner 20 are 
closed by the sealing material therein, which is an im 
portant feature. Also, as indicated previously, the seal 
ing material in the foramina performs the additional 
function of preventing the entry of the drilling mud 
thereinto so that the drilling mud can in no way reduce 
the permeability of the foraminous section 24, which is 
another important feature. 

It will be understood that the circulation of washing 
fluid through the annulus 23 is maintained for a suffi 
cient length of time to insure removal of substantially 
all of the drilling mud. Once the drilling mud has been 
removed from the annulus 23 to the desired extent, the 
circulation of washing fluid is terminated so that well 
fluid may fill the annulus 23, thereby permitting the oil 
in the well fluid to dissolve out the sealing material in 
the foramina of the foraminous section 24 in the event 
that an oil soluble sealing material is employed. Alter 
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8 
natively, suitable solvents in which the sealing material 
is soluble may be introduced into the annulus 23 and/or 
the interior of the liner 20 to dissolve out the sealing 
material. If desired, such solvents may be circulated 
through the annulus in the manner hereinbefore indi 
cated. In the event that selective opening of the liner 
is desired, such solvents may be applied locally to se 
lected portions of the liner. This may be accomplished 
in various ways, as by packing off the selected portions, 
with a suitable packing means, not shown, inserted into 
the liner. 

After the sealing material has been dissolved out of the 
foramina of the foraminous section 24 of the liner 20, 
or a portion thereof, the well fluid may flow therethrough 
from the annulus 23 into the interior of the liner in the 
usual manner. If the formation pressure is sufficient, 
the well may then be permitted to flow. Otherwise, a 
suitable pumping apparatus may be installed in the well. 

It will be noted that, since disconnection of the wash 
pipe 47 automatically closes the valves 40 and 80, the 
well fluid can enter the interior of the liner only through 
the foramina of the foraminous section 24 thereof. This 
prevents the entry of sand into the interior of the liner 
through the passages 35 and 68, which is an important 
feature. It will be understood that the wash pipe 37 
is removed after the solvent used to dissolve out the seal 
ing material has been circulated if the sealing material 
is dissolved out by this method. Otherwise, the wash 
pipe may be removed upon completion of the operation 
of removing the drilling mud from the annulus 23. 

it will be understood that although I have given ex 
amples of oil soluble and water insoluble sealing ma 
terials, I do not intend to be limited thereto since, as 
indicated above, Sealing materials having various insolu 
bility and solubility characteristics may be employed de 
pending upon the natures of the drilling mud vehicles, 
the Washing fluid and the solvent employed. For ex 
ample, it is possible to employ a sealing material which, 
while soluble in water, dissolves very slowly therein so 
that it serves to close the foramina of the foraminous 
section 24 of the liner 20 for a length of time sufficient 
to permit washing the drilling mud out of the annulus 
23 with water, the water subsequently dissolving out the 
Sealing material to open the foramina to flow of well 
fluid in the annulus 23 and to the interior of the liner. 
Various changes, modifications and substitutions may be 
incorporated in the particular embodiments disclosed 
without departing from the spirit of the invention and 
hereby desire to be afforded the protection offered by 

the full scope of the appended claims. 
I claim as my invention: 
1. In a structure of the character described, the com 

bination of: a liner including a foraminous intermediate 
Section and having an inlet passage adjacent one end 
thereof and an outlet passage adjacent the other end there 
of; an inlet valve means for opening and closing said 
inlet passage; an outlet valve means for opening and 
closing said outlet passage; a tubing insertable into said 
liner; means for threadedly connecting said tubing to 
said liner with said tubing in fluid communication with 
one of said passages; and means carried by said tubing for 
opening and closing said valve means in unison as said 
tubing is respectively threadedly connected to and dis 
connected from said liner. 

2. The structure set forth in claim 1 wherein one of 
said valve means includes a reciprocable valve element 
which is engageable by an actuating element carried by 
Said tubing and which is movable toward an open posi 
tion by said actuating element as said tubing is threadedly 
connected to said liner, said one valve means including 
resilient means for biasing said valve element toward 
a closed position. 

3. The structure set forth in claim 1 wherein one of 
said valve means includes a rotatable valve element which 
is threadedly connected to said liner and which is en 
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gageable by an actuating element carried by said tubing 
and which is movable toward an open position by Said 
actuating element as said tui.ing is threadedly connected 
to said liner. 

4. In a structure of the chaarcter described, the com 
bination of: a casing set in a well; a liner disposed with 
in said casing and extending downwardly below the lower 
end thereof, said liner having a foraminous intermediate 
section and being provided with an inlet passage adjacent 
one end thereof and an outlet passage adjacent the other 
end thereof; packing means carried by said liner above 
said inlet and outlet passages and engageable with said 
casing; a tubing insertable downwardly through said 
casing into said liner; means for threadedly connecting 
the lower end of said tubing to said liner with said tubing 
in fluid communication with one of said passages; and 
valve means actuable by elements on said tubing for open 
ing said passages as said tubing is threadedly connected 
to said liner and for closing said passages as said tubing 
is threadedly disconnected from said liner. 
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