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The present invention relates generally to oil wells, and 
more especially to devices for providing or forming ?uid 
ducts behaveen oil bearing strata exposed in a well hole 
bore and the interior of casing or the like which has been 
lowered in the well bore and set in place, as by cementing. 

It is well known in the art that, after a well is bored 
through the oil bearing strata, steel casing is lowered 
into the well to the vicinity of the oil bearing strata. 
Cement is then placed in the well outside of the cas'mg 
to se? off the well bore above and below the strata from 
water or other foreign material. This is done in order 
to isolate ‘dle production zone and permit only the desired 
oil to reach the interior of the casing. However, it is 
necessary to provide ducts which extend between the in 
terior of the casing and the wall of the bore drilled 
through the oil bearing strata, such ducts extending neces 
sarily through the casing and through the cement which 
surrounds the casing and ?lls the well bore outside of the 
casing. 
There are various known methods of forming these 

ducts. Of known methods and apparatus, one type of ap 
paratus of particular interest here is that disclosed in 
Patent No. 2,775,304 granted December 25, 1956, to 
Zandmer. This patent discloses telescoping members 
which are mounted on the casing prior to lowering it into 
the well bore and which can afterwards be extended to 
project beyond the casing a distance su?iciently great 
to reach the wall of the well bore. After extending the 
telescoping members, the cement is placed and allowed to 
set; although it is also possible to extend the members 
after the cement is placed and while the cement is still 
soft and plastic. The telescoping members are generally 
protected by temporary wall members which prevent the 
cement from entering and ?lling the ducts, the wall mem 
bers being removable chemically to open up the ducts and 
allow oil to reach the interior of the casing. Such de 
vices are generally known as permeators in the industr‘ , 
and consequently will be so referred to here. 
Known types of permeators have various shortcomings 

that restrict their use. One objection is that they ‘are 
relatively expensive to make because of the plurality of 
individual parts involved, the gaskets to be ?tted, and the 
care required in manufacture. The telescoping parts re 
quire careful machining to produce the close ?ts required 
to insure proper movement and at the same time to pre 
vent leakage around them. 
The designs of telescoping type permeators are such 

that they initially project a substantial distance beyond 
the outer surface of the casing. Since there are at least 
two and sometimes three telescoping members in a tele 
scoping type permeator, the radial thicknesses of these 
members, one inside another, are additive and as a result 
the overall diameter of the completed permeator unit is 
such that it is sometimes necessary to mount the perme 
ator emernally of a small diameter casing. These factors 
make it necessary that the bore hole be considerably larger 
than the outside diameter of the casing itself in order to 
receive a length of casing with permeators installed on it. 
The larger size of bore hole is more expensive to drill 
and to fill with cement so that it is advantageous to re 
duce the diameter of the bore hole to a minimum. 
Another objection to known types of permeators is that 

the expansion raio is relatively limited. If there are two 
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members in the unit, the ratio of the expanded permeator 
to the initial length of the same unit when retracted, is 
something less than 2: 1. This expansion ratio can be im 
proved by having three members, two of which move rela 
tive to the stationary body, but even then ‘an expansion 
ratio of less than 3:1 is the most possible. The maximum 
possible expansion ratio is obviously desirable since it 
permits the permeators to extend out from the wall of 
the casing for the greatest possible distance, again making 
practical the use of shorter, less expensive permeators. 

It is accordingly a general object of my invention to pro 
vide a permeator of novel design that has a higher ex 
pansion ratio than heretofore possible. 

It is also an object of my invention to provide a perme 
ator of novel design that is smaller and has a shorter 
projection outside the casing for a given duct size than 
has been known heretofore. 

It is a further object to provide a permeator of novel 
construction that is simple in construction, has fewer parts, 
and is relatively inexpensive to make. 
These objects of my invention have been achieved in 

a permeator of my novel design by providing a body, hav 
ing ‘a central bore extending through it, that is adapted 
to be mounted in an opening through the casing wall, and 
a duct forming member mounted in the bore of said body, 
said duct forming member being of circular cross section 
and having a plurality of closely spaced annular folds or 
corrugations whereby the duct forming member may be 
extended axially by the application of internal ?uid pres 
sure which spreads the folds apart. A closure means is 
provided to close the outer end of the duct forming mem 
her in order to hold within the member ?uid under pres 
sure ‘and to receive the axial thrust of such ?uid to ex 
tend the duct forming member. This closure member 
is made of a material that may be removed by a chemi 
cal reagent, for example, a material which is soluble in 
acid with relative ease. The duct forming members is 
preferably made of metal which is ductile and has little 
or no tendency to retract or shorten when the internal 
?uid pressure is reduced. Various materials and metals 
may obviously be used if they have the desired physical 
characteristics. 
How the above and other objects and advantages of 

my invention are achieved will be better understood by 
reference to the following description, and to the annexed 
drawing, in which: 

FIG. 1 is a fragmentary vertical section through the 
lower end of a bore hole and a casing set therein that is 
provided with duct forming members constructed accord 
ing to my invention. 

FIG. 2 is an enlarged fragmentary horizontal section 
through the casing and adjacent bore hole showing a 
permeator constructed according to my invention before 
it is expanded and the cement is in place. 
FIG. 3 is a view similar to FIG. 2 showing the perme 

ator expanded into contact with the wall of the bore hole 
and the cement in place. 
FIG. 4 is an enlarged fragmentary longitudinal section 

through a variational form of a permeator illustrating 
details of construction. 

Referring now to the drawing, and more especially to 
FIG. 1, there is shown a bore hole 10 which is drilled 
from the surface of the earth down into the ground to 
pass through the oil bearing strata 12. Inside the bore 
hole is the casing 14, which is ordinarily steel. The 
casing is of smaller diameter than the bore hole, there 
usually being an annular clearance of about one inch, 
more or less, between the outside of the casing and the 
wall of the bore hole. This annular space in the vicinity 
of the oil bearing strata is ?lled with a layer of cement 
15, or other suitable material, which is bonded to the 
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wall of the bore hole and to the casing in order to' pro 
vide a tight seal therewith. 
The cement may be placed by any suitable method as 

far as the present invention is concerned. One method 
involves pumping the cement down casing 14 and out 
the open end to rise in the annular space around the 
casing. The cement is usually followed by a plug 17 
which lodges in the casing at the bottom of the bore hole, 
such a plug separating the cement from the acid or 
other chemical solution used as described later. 
A section of casing 14 opposite strata 12 is provided 

with a plurality of duct forming devices 16. These duct 
forming devices or permeators are shown in greater 
detail in FIGS. 2 and 3. Each permeator 16 has a 
'body 20 consisting ofa shank 21 and an integral head 
22.' The shank is preferably provided externally with 
screw threads in order that it may be’ threaded into an 
opening extending through the wall of casing 14. Head 
22 is brought into contact with the exterior face of the 
casing and a sealing member may be provided at 23 
in order to insure a ?uid tight contact between the under 
side of head 22 and the outside surface of the casing. 
Head 22 may be provided with recesses 22a, or may be 
peripherally shaped, to receive a wrench by which the 
permeator body may be turned to screw it into the open 
ing in the casing. 
Each body 20 has an axially extending bore 24 which 

passes entirely through the body and it is in this bore 
that is located the duct forming member 25. This duct 
forming member is a tubular member which is normally 
circular viewed in cross section at any point along its 
length. However, viewed in longitudinal section as in 
FIG. 2 it will be seen to have a plurality of annular folds 
or corrugations which preferably are closely spaced. 
Although not so shown in the drawing, these folds are 
preferably brought into contact with one another in 
order'to reduce the initial length of the duct forming 
member 25 to a minimum. It will be recognized that 
in its construction the duct forming member 25 is similar 
to corrugated tubing, or to metallic bellows. 
To the outer end of tubular member 25 is attached 

disc 26 which has a central opening that is closed by wall 
member 27. Disc 26 provides a suitable means for 
mounting wall member 27 on the outer end ‘of the tube 
‘forming member in a manner to close the outer end of 
the latter member 25. Wall member 27 is tightly secured 
to washer 26, for reasons which will be further explained. ' 
At the inner end, tubular member’ 25 is similarly 

provided with disc 28 which connects the inner end of 
'the tubular member‘ to body 29, this connection pref 
erably being at the inner end of shank 21. Ordinarily it 
is preferred to close the central opening in disc 28 with 
wall member 36 which is tightly ?tted to the washer to 
prevent'leakage around it and to resist'?uid pressure. 
The body 20 of each permeator is preferably made of 

steel because of its strength, ease of machining, and its 
ability to resist the chemical reagents that are used in 
a well. Discs 26 and 28 are similarly preferably made 
of steel. The duct forming member 25 may be made of 
a ferrous alloy but it may also be made from any one 
of a number of other metals, such as copper, aluminum, 
and their alloys. In general, any ductile metal which 
can be mechanically worked to produce the folds 'or 
corrugations‘ in it and which can then be extended by 

' the application of internal ?uid pressure, is suitable for 
making the tube-forming members. However, the metal 
should ‘also be one which is relatively inert with respect 
to the chemical reagents used. 
The wall members 27 and 35) are removed, as will be 

explainedjby the application of suitable chemical re 
agents, normally acids. Consequently these two elements 
are made from a metal which will provide the necessary 
mechanical strength but which is dissolvable in .an' acid 
or other solution with relative ease. Alternatively the 
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inner wall 30 may be a frangible member that can be 
ruptured by hydraulic pressure inside casing 14. 
The method of using the permeators will. now be 

explained. The location of the oil bearing strata 12 
in the bore hole having been determined by any suitable 
well surveying methods, which are not described here 
since they constitute no part of the present invention, the 
permeators 16 are located on the casing in positions so 
that they will be at the same levels as the oil bearing 
strata when the casing is lowered into the well. Thus 
the exact number and positions of the permeators are 
ordinarily determined by conditions existing in any indi 
vidual well. After the permeators are in place, casing 
14 with the permeators on is lowered into bore hole 10 
until the casing reaches a predetermined position, typically 
one in which the casing rests on the bottom of the bore _ 
hole, as shown in 1:16.71, or is a short distance above 
the bottom. ‘ a ' 

Cement is pumped down inside casing 14 and ?ows out 
the open bottom end, rising in the annular space around 
the casing to form the layer 15. The cement is followed 
after a suitable interval of. time by an acid solution 
which ?lls casing 14 for the depth of the casing to which 
permeators 16 are applied. To separate the acid from 
the element ahead of it, plug 17 is used; and the plug 
moves down inside the casing eventually coming to rest 
at or near the bottom. The purpose of this acid solution 
is to dissolve the inner wall members 30, thus opening ' 
up the interior of each of the tubular 'duct forming 
members 25 to direct communication with the interior 
of casing 14. . 

If wall members 30 are so designed, they may be 
broken by application of suitable hydraulic pressure; or 
a combination of chemicals and pressure may be used to 
remove walls 3%. . ' 

After the lapse of sui?cient time for Wall members 30 
to be dissolved, pressure is applied to the ?uid inside the 
casing for the purpose of extending the duct forming 
members from the collapsed position of FIG. 2 to the' 
extended position of FIG. 3. When the wall 30 at the 
inner end of a permeator is dissolved or otherwise re~ 
moved, the interior of the penneator is ?lled with ,?uid 
entering from the interior of casing 14. As pressure is 
applied to ?uid in the casing, this pressure is transmitted 
to ?uid in the permeator and exerts an axial thrust against 
the outer end wall 27. This axial thrust extends the 
tubular member 25 axially by expanding the folds or 
corrugations in the tubular member; The pressure at 
which the extension of the tube takes place can be closely 
regulated, since it is a function of the wall thickness of'the 
tubular member and the physical properties of the ma— 
terial from which it is made. The permeators are 
typically. designed to expand only under a relatively high 1 
unit internal pressure, perhaps 1080 psi. or more, in 
excess of the external or static pressure; but of course they 
may be designed to extend at a higher or. a lower unit 
pressure. 
The time required to remove the inner walls 30 may be 

only a few minutes, after which only. a short time is re 
quired to extend the permeators until they come into con 
tact with the Wall of the bore hole, as shown in FIG. 3. 
Since this space is now ?lled with ?uid or plastic cement, 
the operation of extending the permeators is accomplished 
before the cement hardens and while'it is still in a plastic 
state so that the permeators may push their way through 
this layer of material and reach the wall of the bore' 
hole. 

After extending the permeators, the fluid pressure may 
be maintained in the casing if desired as insurance that 
the permeators will remain in contact with the wall of 
the bore hole. However, it is desirable that the material 
from which the permeators are made is such that it has 
no resiliency, and therefore no tendency to contract or 
move the end of the permeator away from the bore hole 
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wall once the permeator has ben extended into contact 
with the bore hole wall. 

After the cement has set, the outer wall members 27 
are subjected to a suitable chemical reagent, as for ex 
ample acid, which dissolves them. This may be the 
same reagent used to remove walls 30 or a different one. 
When these walls are dissolved, the extended permeators 
provide a clear duct (as shown in FIG. 3) between the 
oil bearing strata and the interior of casing 14 through 
which ?uids may be pumped into the oil strata and also 
through which oil and gas from the strata may flow in the 
reverse direction into the casing. 
As an alternate procedure, the permeators may be ex 

panded by hydraulic pressure prior to placing the cement; 
but it will be understood that the sequence of these vari 
ous steps may be adapted to suit local conditions and is 
not limitative on my invention. 

In the form of permeator described above, disc 26 is 
seated in an annular recess in head 22 but is not re 
strained or held in except by the duct member 25 or by 
friction. In FIG. 4 there is shown a variational construc 
tion in Which the body has a lip 2211 that is spun or turned 
over the margin of disc 26 to hold the disc in place. This 
insures that the permeators will not he accidentally ex 
tended by pressure changes. The lip is sheared off when 
the hydraulic pressure tending to extend the permeator 
exceeds a given value, or the end disc 26 may ?ex su?i 
ciently that it can slip past the lip. The circumferential 
length of lip 2% determines its shear strength and by 
controlling its total length, and thereby its shear strength, 
the pressure at which the permeator extends may be de 
termined. Obviously a diametral shear pin or other simi 
lar arrangement may be substituted. 
From the foregoing it will be seen that my improved 

permeator is simple in construction and operation. It 
eliminates any moving parts between which ?uid-tight 
seals must be effected and maintained. Since there is 
only one member inside the body, the size of the body 
may be reduced more nearly to the external dimensions 
of the expansible tubular member and thus made much 
smaller than has heretofore been possible. Furthermore, 
it is possible by bringing the folds of the tubular member 
into contact with each other to produce one which can 
easily expand at least three times its original length, it 
having been demonstrated that expansion ratios as high 
as 5:1 are obtainable with the present construction. 

It will be further evident from the foregoing descrip 
tion that various changes in the details of design and ar 
rangement of the parts of the permeators may be made 
without departing from the spirit and scope of my inven 
tion. Accordingly it is to be understood that the forego 
ing description is considered as being illustrative of rather 
than limitative upon the invention as de?ned in the ap 
pended claims. 

I claim: 
1. Apparatus for providing a ?uid duct through the 

wall of casing in a Well bore, comprising: 
a body having a central bore extending through it and 

adapted to be mounted in an opening through the 
casing wall; 

a duct forming member mounted in the bore of said 
body and attached thereto at the inner end of said 
member, said member being of circular cross sec 
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tion and having a plurality of closely spaced annular 
folds whereby the member is extensible axially by 
the application of ?uid pressure within the member 
to space the folds farther apart, said duct forming 
member being capable at its inner end of receiving 
?uid from the casing; 

and destructible ciosure means closing the outer end 
of the duct forming member to receive the axial 
thrust or" ?uid under pressure in the duct forming 
member. 

2. Apparatus as claimed in claim 1 in which the de 
structible closure means includes a member made of a 
material soluble in acid with relative ease while the duct 
forming member is made of a material that is substanti 
ally unaflected by the same acid. 

3. Apparatus as claimed in claim 1 in which the radial 
dimension of the annular folds in the duct forming mem 
ber is sufficient to render the duct forming member ex 
tensible to at least three times its initial length. 

4. A permeator for casing adapted to be lowered into 
a bore hole comprising: 

a body adapted to be mounted on the casing in an 
opening extending through the casing wall, and hav 
ing a bore extending through the body; 

an extensible, bellows-type duct forming member at 
tached at its inner end to the body and adapted to 
be mounted in the bore in the body with its inner 
end exposed to the interior of the casing; 

and destructible closure means closing the outer end of 
the duct forming member to receive a thrust axially 
of the duct forming member applied by ?uid under 
pressure from the interior of the casing to elongate 
the duct forming member, said closure means being 
removable to provide a passage between the interior 
of the casing and the wall of the bore hole. 

5. A permeator as in claim 4 in which the destructible 
closure means is or" a material soluble in a chemical solu 
tion with respect to which the material of the duct form 
ing member is relatively insoluble. 

6. A permeator as in claim 4 that also includes a sec 
ond closure means at the inner end of the duct forming 
member closing the duct forming member to ?uid from 
the casing interior, the second closure means being at least 
partly soluble in acid to open the duct forming member 
to ?uid from the casing interior. 

7. A permeator as in claim 4 in which the duct forming 
member is made of a ductile metal with substantially no 
tendency to shorten after once being elongated. 
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