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This invention relates to a method of and apparatus 
for the completion and production of oil wells and the 
like. 
A prime object of the invention is to provide a novel 

and simplified means to be run into the well bore with a 
string of well casing and positioned in the well bore to 
fully protect and seal one or more oil producing Zones 
from contact with cement or other foreign matter, and in 
cluding valve means operable selectively to place the 
producing zones in direct communication with the interior 
of the casing without the necessity of artificial perfora 
tion. 
A further and more general object is to provide a 

method and apparatus for effecting well completion and 
production with high economy and efficiency and without 
interfering with normal cementing operations and other 
conventional well completion processes. 
A further object is to provide a method and apparatus 

of the mentioned character which after placement in 
the well bore allows selective operation or production 
of multiple level oil producing formations or zones in 
degendently of other such Zones in the well without the 
necessity for the usual perforation of the well casing 
adjacent to the producing Zones. 

Still another object is to provide a method and ap 
paratus for sealing and protecting the producing for 
mations of the well prior to and during the cementing 
of the casing and then operable to receive the oil from 
the producing formations in a controlled manner and 
selectively subsequent to the cementing operation. 

Cther objects and advantages of the invention will be 
apparent during the course of the following descrip 
tion, 

In the accompanying drawings forming a part of this 
application and in which like numerals are employed 
to designate like parts of the same, 
FIGURE 1 is a partly diagrammatic side elevation 

of apparatus according to the invention positioned in 
a well bore and connected in a string of casing adjacent 
several producing zones of the well, the diameter of the 
well bore being exaggerated somewhat relative to the 
casing for the purpose of clarity, 
FIGURE 2 is an enlarged central vertical longitudi 

nal section through a single formation protector and 
production valve unit according to the invention with 
the expandable sealing element thereof in a collapsed 
position, and spaced from the well bore, 
FIGURE 3 is a sectional view similar to FIGURE 2 

with the sealing element expanded into engagement with 
the well bore and under the influence of internal pres 
sure for protecting the adjacent formation prior to and 
during the cementing of the casing, 
FIGURE 4 is a similar sectional view illustrating the 

unit subsequent to the cemeting operation and showing 
the valve means adjusted for producing the adjacent 
formation, 
FIGURE 5 is an enlarged fragmentary vertical sec 

tion through a check valve circled in broken lines in 
FIGURE 4, 
FIGURE 6 is an enlarged horizontal transverse sec 

tion taken on line 6-6 of FIGURE 2, 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

3,194,312 
Patented July 13, 1965 

2. 
FIGURE 7 is a similar section taken on line 7-7 of 

FIGURE 4. 
În the drawings, wherein for the purpose of ilustra 

tion is shown a preferred embodiment of the invention, 
the numeral 6 designates a well bore of the required 
depth which has been drilled in a conventional manner. 
For the purpose of clarity of illustration, the diameter 
of the well bore 9 has been exaggerated relative to the 
diameter of the well casing. In FIGURE 1, plural oil 
producing formations or zones A, B and C are illus 
trated at different elevations along the well bore 0, and 
in this connection, it should be understood that the in 
vention is applicable to wells having a single-producing 
formation or multiple formations at different levels as 
shown in FIGURE 1. In like manner, the formation 
protecting and production valve units forming the Sub 
ject matter of the invention are applicable to producing 
formations of uniform thickness or varying thickness. 
More particularly, in FIGURE 1, the formations A, B 
and C vary in thickness with the intermediate forma 
tion B being the largest and the formation C the Small 
est. The formation protector and production valve 
units according to the invention are shown generally at 
D, E and F in FIGURE 1 adjacent to the formation A, 
B and C. Each of these units may be of a different 
length to correspond generally to the vertical thickness 
of the adjacent oil producing formation. In FIGURE 
1, the units D and F are of equal length to accommo 
date the formations A and C of nearly equal thickness 
while the unit E is longer to accommodate the forma 
tion B of greater thickness. 
The units D, E and F in FIGURE 1 are shown con 

nected in a conventional string of well casing in 
cluding casing sections 12 having interfitting screw 
threaded engagement in the usual manner. After drill 
ing the well bore E9 to the required depth and location 
of the producing formations A, B and C in a known 
manner, the casing string a with the units D, E and F 
of the invention connected therein is lowered into the 
well bore and the procedure in this respect is conven 
tional throughout and is not interfered with by the 
presence of the invention. As shown in FIGURE 1, the 
invention units D, E and F are positioned in the well bore 
at the respective levels of the producing formations A, B 
and C as accurately as possible. 
FCURES 2 through 7 illustrate in detail the invention 

unit D which is identical to the unit F and differs from 
the intermediate unit E only in that it is somewhat 
shorter, as stated. In this connection, it is again em 
phasized that each invention unit may have a length to 
correspond generally to the depth or thickness of the ad 
jacent producing formation of the well. 
With reference to FIGURES 2 through 7, the unit D 

comprises an inner relatively stationary pipe 3 which is 
Screw-threaded at its top and bottom ends, as indicated 
at E4 and 5 for connection with well casing sections 2 
forming components of the casing string 12. Thus, in 
effect, the pipe 23 is assembly constitutes an integral sec 
tion of the well casing. Surrounding the pipe 12 in con 
centric spaced relation thereto and substantially coexten 
sive therewith is an outer relatively stationary cylindrical 
sleeve or pipe 6, open at its top and bottom ends and 
preferably including flared top and bottom mouth por 
tions 17. An open annular passage i3 is provided be 
tween the pipe 3 and sleeve 5 for a purpose to be de 
scribed. Vertically spaced groups of short radial port 
tubes 9 are rigidly anchored within openings of the pipe 
i3 and sleeve 16 by welding or the like, in a fluid tight 
manner, and serve to rigidly interconnect the pipe E3 and 
sleeve 6 permanently is assembly. Each group of port 
tubes 9, FIGURE 7, comprises preferably four circum 
fentially spaced port tubes, although any preferred num 
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etc. connected therein. At this time, the jacket 21 is 
collapsed and lies close to the rigid sleeve 6 for each 
packing means and each sleeve valve 33 is elevated against 
the shoulder 36 and the port tubes 9 and valve tube 24 
are all closed by the sleeve valve. 
When the units D, E and F are positioned within the 

producing formations A, B and C, FIGURE 1, the sleeve 
valves 33 of the several units are shifted downwardly by 
the use of a suitable setting tool to the position shown 
in FIGURE 3, wherein the ports 35 register with the 
tubes 24 on each unit. At this time, the port tubes 19 
remain covered by the sleeve valve. Fluid under pres 
Sure is now introduced into the casing string is and the 
interiors of the sleeve valves 33 and when this fluid pres 
sure is sufficiently great, the check valves 29 are opened 
against the force of adjustable springs 31 and the fluid 
under pressure passes through the short tubes 24 and in 
flates or expands each elastic packing jacket 2 outwardly 
into fluid tight protecting and sealing engagement with 
the surrounding producing formation A, B or C. As 
shown in FIGURE 1, each expanded jacket 21 assumes 
an inflated cylindrical shape and uniformly engages the 
well bore over substantially the full area of the adjacent 
producing formation, except for the small dimpled local 
areas adjacent the flanges 20. When the fluid pressure 
is relieved in the casing string, the check valves 29 close 
automatically under influence of springs 35 and the 
jackets 21 remain expanded against the bore of the for 
mation to subsequently protect and seal the same. At 
this time, the sleeve valve 33 of each unit may be returned 
to the position shown in FIGURE 2 or to the broken 
line position in FIGURE 4 for covering the short tubes 
24 and also covering the port tubes 19. When the fluid 
pressure to expand the jackets 21 is created in the casing 
string, the bottom end of the casing may be closed off 
by means well known in the art. 

While the jackets 25 remain expanded and the tubes 
19 and 24 are covered by the sleeve valves, cement is 
forced downwardly through the casing string and flows 
upwardly exteriorly of the casing in the usual manner 
to cement the casing string within the well bore 0. 
However, the cement shown at G in FIGURE 4 cannot 
pass between the inflated jackets 21 and the well bore 10 
and is caused to flow upwardly through the open annular 
passage 18 of each invention unit to cement the well cas 
ing sections 12 securely above and below and adjacent 
each invention unit and producing formation. When the 
cement G hardens in the well bore, the producing forma 
tions A, B and C remain permanently free of the cement 
and other foreign material and the jackets 2i may remain 
inflated indefinitely until they disintegrate with the pas 
sage of time. The cement may remain in the annular 
passage 8 of each unit and will do no harm therein. The 
entire well casing string is supported by cement through 
out its length, above, below and opposite the oil produc 
ing formation or formations. 
When the cementing of the well is completed in the 

described manner, a selected one or more of the sleeve 
valves 33 may be shifted downwardly into engagement 
with the bottom shoulder 37 as illustrated in FIGURE 4. 
When this occurs, the ports 34 register with the port 
tubes 19 and the valve tubes 24 are covered by the sleeve 
valve. The adjacent producing formation A, B or C is 
now placed in direct communication with the interior of 
the casing string through the tube ports 19 and the oil 
under pressure flows directly in the direction of the arrows 
in FIGURES 4 and 7 and upwardly through the casing. 
Consequently, the production from the adjacent forma 
tion is achieved without the necessity for any perforation 
of the casing and formation. 
When it is desired to produce a different one of the 

several formations A, B and C, the sleeve valve 33 of 
the unit previously utilized may be shifted upwardly 
slightly to the broken line position indicated in FG 
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6 
URE 4 to cover the port tubes 9 of that unit and to 
also maintain the tube 24 covered. Another of the sleeve 
valves 33 in another unit E or F may now be positioned 
in the manner shown in FIGURE 4 to produce oil from 
the adjacent formation B or C. In this manner, the sleeve 
valves 33 are selectively operated to produce selectively 
the formations A, B and C. As previously stated, by 
means of the invention, any number of separate oil pro 
ducing formations in a well may be selectively produced 
or closed off as the need requires, and any number of the 
invention units may be included in the string of casing at 
properly spaced intervals to be located at the producing 
zones. Likewise, the units of the invention may have 
one, two, three or any practical number of groups of the 
port tubes is provided therein depending upon the size 
of the producing formation to be dealt with. 

Additionally, in instances where one or more of the 
priducing frmatins A, B and C is exceedingly deep or 
thick, several of the individual invention units D, E or F 
may be placed in end-to-end relation in the particular 
formation and connected in the casing string, in lieu of a 
single invention unit which might be excessively long. 
Such multiple invention units connected closely in series 
could be identical to the unit D or to the unit E and may 
be provided individually with any preferred number of 
groups of the port tubes 9 and associated elements. 
The invention therefore constitutes a highly efficient 

and economical method and apparatus for completing a 
well including the steps of protecting and sealing the pro 
ducing formations, cementing the casing above and below 
and opposite each formation, and selectively obtaining 
the oil from each formation in the order and in the 
manner desired, and without the necessity for perforations. 

It is to be understood that the form of the invention 
herewith shown and described is to be taken as a pre 
ferred example of the same, and that various changes in 
the shape, size and arrangement of parts may be resorted 
to, as well as variations in the order or sequence of method 
Steps, without departing from the spirit of the invention 
or scope of the subjoined claims. 

Having thus described my invention, i claim: 
E. In apparatus for completing oil wells, a valve unit 

and formation protecting device comprising an inner pipe 
to be connected in a tubular string adjacent a producing 
formation of the well, an exterior sleeve surrounding said 
pipe and anchored thereto in spaced substantially con 
centric relation therewith to form a through passage for 
cement and fluid between the pipe and sleeve, an out 
Wardly opening check valve on the pipe and sleeve and 
continunicating with the exterior of the sleeve and the 
interior of the pipe, a spring normally maintaining the 
check valve closed but allowing it to open under the 
influence of fluid pressure in the pige, an expandable 
elastic jacket surrounding the sleeve and secured thereto 
near opposite ends of the sleeve and adapted to expand 
against the bor of said formation under fuid pressure 
admitted to the jacket when the check valve is open, 
radial port tubes anchored to the pipe and sleeve and se 
cired to the jacket at spaced localities thereon and com 
municating with the interior of the pipe and the exterior 
of the jacket adjacent the formation, an open-ended 
axially movable sleeve valve within the pipe and having 
radial ports adapted to register with the port tubes in one 
axial position of the sleeve valve and a port adapted to 
register with the check valve in another axial position of 
the sleeve valve, the sleeve valve, in intermediate axial 
positions thereof covering the check valve and port tubes, 
and guide means engaging the sleeve valve to prevent it 
from rotating but allowing it to shift axially within said 
pipe. 

2. The invention as defined by claim 1, and a pair of 
Stop shoulders on said pipe near opposite ends thereof 
engageable with corresponding ends of the sleeve valve 
to positively limit axial movement thereof. 

3. The invention as defined by claim 1, and sealing rings 
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3. In a method of completing a well, the steps of low 
ering tubular string with a plurality of longitudinally 
spaced packing jackets attached thereto and spaced radi 
ally therefrom into the well, engaging and substantially 
covering spaced multiple level producing formations in 
the well exteriorly of the string and around the string 
with said packing jacket and while the string is positioned 
in the well, forcing cement downwardly through the 
string and then upwardly exteriorly of the string and be 
tween the string and said packing jackets covered forma 
tions to cement the string above and below and opposite 
each formation and maintaining each formation covered 
to protect it from the cement, and then selectively pro 
ducing fluid from said covered formation through said 
packing jackets into said string for passage upwardly 
therein. 

14. In a method of completing a well, said well having 
spaced multiple level producing formations, the steps of 
placing a tubular string with a plurality of longitudinally 
spaced packing jackets attached thereto and spaced radi 
ally therefrom into the well and causing said string to ex 
tend adjacent said formations, cementing the string within 
the well above and below and opposite each formation 
and exteriorly of the string and between the String and 
packing jackets while the packing jackets are in covering 
and protecting relationship with the pores of said forma 
tions, and then selectively placing the interior of the 
string in direct fluid flow communication with said forma 
tions through said packing jackets so that the string may 
receive fluid selectively therefrom. 

15. In a method of completing a well, the steps of low 
ering a tubular string with an expandable packing means 
attached thereto and spaced radially therefrom into the 
well and positioning the packing means opposite a pro 
ducing formation in the weli, expanding the packing 
means into engaging and covering relation to said pro 
ducing formation exteriorly of the string and around the 
string, forcing cement downwardly through the string 
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and then upwardly exteriorly of the string and between 
the string and packing means to cement the string in 
the well above, below and opposite said formation while 
maintaining the formation covered and protecting its 
pores from the cement, and then producing fluid from 
the formation into the string through said packing means. 

16. Apparatus for completing a well comprising a 
casing string positioned within said well and extending 
adjacent an oil producing formation, an expandable pack 
ing means mounted on the casing string and spaced there 
from adjacent said formation and adapted when expanded 
to engage and cover the surface of the formation to pro 
tect the pores thereof, valve means connected with said 
string and packing means and operable to expand the 
packing means into said engagement with the formation, 
there then being a longitudinal through passage between 
the string and packing means to permit cementing the 
string above, below and opposite the formation, and 
additional valve means connected with the string and 
packing means adjacent the formation and operable to 
place the formation into fluid flow communication with 
the interior of the string through the packing means. 

References Cited by the Exalisaer 
UNITED STATES PATENTS 

1,944,442 1/34. Manning ----------- i66-187-? X 
2,029,380 2/36 Manning ----------- 166-187 X 
2,187,483 1/40 Baker ------------ 166-147--? X 
2,344,120 3/44 Baker ------------- 166-202 X 
2,380,022 7/45 Burt --------------- 166-224 X 
2,404,825 7/46 Brown et al. ---------- 166-100 
2,707,997 5/55 Zandmer et al. --------- 166-46 

166-187 ------------ ? ----? eWis } 10/56 2,765,854 
3,001,585 9/61 Shiplet --------------- 166-142 
CHARLES E. O'CONNELL, Primary Examiner. 
BENJAMIN BENDETT, Examiner. 


