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This invention relates to the producing of oil from un 
derground formations and pertains more particularly to 
a method land apparatus ̀ for treating an oil-bearing forma 
tion through an injection well to reduce the viscosity of 
the oil in the formation and drive it to a producing well 
in communication with the same formation. 
The producing formations of many oil fields contain 

low-gravity oil whose viscosity is of a value high enough 
to prevent easy flow of the oil through the formation and 
into a well. In some fields of this type, steam ñocding 
of the producing formation is carried out through one or 
more injection wells in order to reduce the viscosity of 
the production fluid and drive the heated oil to adjacent 
wells, in the same field, through which it is produced to 
the surface. 
An oil -well is provided with a casing extending from 

the top of the lwell down to at least the top of the pro 
ducing formation and generally Ibelow the producing 
formation in order to line the well. Prior to perforating 
the well casing opposite the oilproducing formation, the 
casing of -a steam injection well is cemented at a level 
immediately above the oil producing formation and also 
preferably immediately below the oil-producing formation 
in order to block the intrusion ̀ of water from other forma 
tions and to prevent the escape of steam vertically along 
the surface of the well casing to other formations. Ce 
ment between a rwell casing and the wall of a well forms 
an effective fluid-tight seal against the passage of fluids 
thereby. However, steam injection wells »are subjected to 
high temperatures which often cause differential expan 
sion of the well casing and cement which results in a fail 
ure of the casing-cement bond, thus providing a path by 
which steam can escape to the surface and thereby destroy 
the effectiveness of the steam liood operations. 

It is therefore a primary object of the present invention 
to provide fa method and apparatus for treating an oil 
bearing formation with steam through an injection well 
while preserving the casing-cement bond outside the cas 
ing to prevent the escape of steam to the surface or the 
intrusion of water from ladjacent formations. 
A further object of the present invention is to provide 

apparatus whereby steam may be efficiently caused to flow 
down a well .and be injected into an oil-bearing formation 
to reduce the viscosity of the oil in the formation and 
drive it to other adjacent wells. 

Another object to the present invention is to provide 
apparatus 4for steam injection through wells wherein the 
packing elements used therein are cooled during opera 
tions -by circulating water. 

Still another object of the present invention is to pro 
vide steam injection well apparatus including packer ele 
ments wherein the steam pressure on one side of the packer 
elements is substantially counter-balanced by circulating 
water under pressure on the other side thereof to keep to 
a minimum the differential pressure across the packer 
elements. 

These and other objects yof this invention will be under 
stood from the following description taken with refer 
ence to the drawing, wherein: 
FIGURE l isa diagrammatic view taken in longitudinal 

crossasection of la steam injection well installation in ac 
cordance with the present invention, and, 
FIGURE 2 is ya diagrammatic View which forms the 
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downward extension of the apparatus illustrated in FIG 
URE l. 

Referring to the drawing, a well casing 11-12 is shown 
as comprising a length of large-diameter casing 11 con 
nected to a length of small-diameter casing 12 by means 
of a reducer coupling 13 of any suitable type. Although 
the casing -is made up of sections of pipe of different diam~ 
eter it will be considered as a single element for purposes 
of the present invention. The well casing 11-12 lis ce 
mented in the well in 'any suitable manner well known to 
the art. An expansion joint 21 is installed in the casing 12 
to prevent compression failure of the casing 12 due to 
thermal expansion. Accordingly, the casing 12 is fixed 
in position at the bottom of the well bore to prevent 
formation fill from dropping under casing 12 and injuring 
associated downhole equipment during alternate heating 
and >cooling cycles. The lower end of the well casing 12 
within the oilaproducing zone, such 'as the section of casing 
below coupling 16, is perforated in any suitable manner 
to permit the escape of steam from the casing. 
At a level near the top of the oil-producing formation 

the well casing 12, before being lowered into the well, 
was provided with a metal petal basket 17 positioned be 
low a cementing ñoat collar of any suitable type repre 
sented Iby ports 18 in the well casing 12. During cement 
ing operations cement is circulated either down through 
the casing 11 or through a special cementing string (not 
shown) to be discharged through the ports 18. The metal 
basket 17 prevents the downward flow of cement which 
is forced to liow upwardly in the annulus between the well 
casing 11 and the borehole wall 15 yto form ‘a sheath of 
cement 2t? which forms an effective seal preventing the 
escape of steam to the surface or the intrusion of water 
into the borehole. It is not essential, however, that the 
cement sheath 2t) extend all the way to the surface of 
the earth. 

Suspended concentrically within the well casing 11-12 
is a tubing string 22 extending from the surface of the 
earth down to a point in the lower end of the casing 12 
where perforations 19 are provided for the escape of steam 
into the formation, and an intermediate casing or pipe 
string 23 which extends from the surface of the earth 
preferably down ̀to a point substantially level with the top 
of the oilaproducing formation. The lower end of the 
pipe string 23 and a predetermined portion of the tubing 
string 22 are welded to al closure or sealing assembly hous 
ing 24 which is provided with packer elements 25 and 26 
mounted on a packer mandrel 27. The packer Kand seal 
assembly 24 is adapted to seat on shoulder 28 within the 
well casing 11 and seal the outer annular space 31 between 
the well casing and the pipe string 23 when the ring 29 
below the packer element 26 seats on the shoulder 28 and 
is moved upwardly shearing pins 29a, moving axially~ 
slidable ring 26a upwardly and compressing packer ele 
ments V25 and 26 which expand outwardly in sealing posi 
tion as ring 25a, threaded to mandrel 27 above packer 
element 25, remains stationary. By welding this seal as 
sembly 24 to the outside of the pipe string 23 and the 
tubing string 22 at points 23a and 22a, respectively, a sea-l 
is provided for the inner annular space 32 formed between 
the pipe string 23 and the tubing 22. The packer and seal 
assembly 24 is also preferably provided with spring-loaded 
hold-down slips 33 which are designed to engage co 
operating serrated elements or hold-down threads 34 
formed on the inner surface of the well casing 11 just 
above the reducer coupling 13. 
The top of the well installation illustrated in the draw~ 

ing is closed in any suitable manner. For example, in the 
arrangement shown a ñange 3S is Welded to the casing 
string 11. The intermediate pipe string 23 in turn is 
welded to a mating ñange 36 which, when positioned on 
ñange 35 closes the annular space 31 yat the top thereof. 
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In turn, a tubing head or cap 37 is threadedly connected 
to the top of the intermediate pipe string 23 to close the 
annular space 32 between the pipe string 23 and the tub 
ing string 22. The packing within the tubing head 37 is 
of any suitable type such for example as asbestos or braid 
ed copper packing which is suitable of withstanding tem 
peratures up to 1200° F. 
The port in the tubing head 37 provides means by which 

a pipe communicates with the inner annular space 32 be 
tween the tubing string 22 and the pipe string 23. The 
upper flange 36 in turn is provided with a flow conduit 41 
in communication with the outer annular space 31. Sus 
pended from the closure flange 36 and extending down 
wardly in the outer annular space 31 to a point just above 
the packer elements 25 and 26 is a small-diameter water 
line 42. It is to be noted that the annular space 31 ex 
tends downwardly within the mandrel 27 0n which the 
packer elements are mounted thus providing a flow pas 
sage for cooling the mandrel and the packer elements 
mounted thereon. If desired, during cementing opera 
tions the seating shoulder 28 on the casing 11 and the 
hold-down threads 34 formed thereon may be covered by 
a removable seat protector (not shown) which is secured 
to seal assembly 24 by secondary thread 43. 

In the operation of the method of the present inven 
tion by use of the apparatus illustrated in the drawing 
and described hereinabove, steam is injected from a suit 
able supply source (not shown) into the tubing string 22 
at the top of the well and is ñowed down the tubing string 
to be discharged from the lower end thereof and thence 
through the perforations 19 and the casing string 12 from 
where it `flows into the oil producing formation between 
the cement plugs 14 and 20 in the borehole. At the same 
time the pipe 4l) in communication with the inner annular 
space 32 outside the tubing string 22 is connected to a 
source of vacuum (not shown) and a partial vacuum is 
created within the inner annular space 32 to decrease the 
convection heat losses to the pipe string 23 and the outer 
casing 11. Simultaneously, cooling water is circulated 
down the small-diameter water pipe 42 to be discharged 
from the lower end thereof near the bottom of the outer 
annular space 31 and near the packer elements 25 and 26. 
Water at the bottom of the annular space 31 flows up 
wardly and is discharged out the Water discharge pipe 41 
at the top of the well. It is apparent that the flow of the 
cooling water could be reversed but it is preferred that it 
be injected into the well through pipe 42. The pressure 
of the circulating cooling water is selected at a value so as 
to keep to a minimum the differential pressure across the 
packer elements 25 and 26, thus minimizing any chance of 
failure of the packer elements. To further reduce radia 
tion heat losses from Ithe inner tubing string 22, the inner 
surface of the intermediate pipe string 23 and the outer 
surface of string 22 is preferably lined or clad with a 
reflective material such as aluminum. 

I claim as my invention: 
1. In an oil-bearing formation traversed by an injection 

well and a producing well in communication with the 
same formation, and wherein said injection well is 
equipped with a cemented well casing in open fluid com 
munication with the oil formation and an intermediate 
concentric pipe string and an inner tubing string within 
the casing‘forming inner and outer annular spaces extend 
ing substantially to said oil formation with a water line 
extending down the outer annular space and the tubing 
string being in open communication with the casing at the 
level of the oil formation, the methodof treating said oil 
bearing formations comprising flowing steam down said 
tubing string, injecting said steam into the oil formation 
for a time and at a pressure sufficient to reduce the vis 
cosity of said oil and force it to a producing well in com 
munication with the same oil formation, reducing the con 
vection heat loss from said tubing string by creating a 
partial vacuum on said inner annular space, reducing heat 
loss from said tubing string by circulating cooling water 
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in and out of said outer annular space to prevent thermal 
expansion of said casing. 

2. In an oil-bearing formation traversed by an injection 
well and a producing well in communication with the 
same formation, and wherein said injection well is 
equipped with a cemented well casing in open iluid corn 
munication with the oil formation and an intermediate 
concentric pipe string and an inner tubing string within 
the casing forming inner and outer annular spaces extend 
ing substantially to said oil formation with a water line 
extending down the outer annular space and the tubing 
string being in open communication with the casing at 
the level of the oil formation, the method of treating said 
oil-bearing formations comprising flowing steam down 
said tubing string, injecting said steam into the oil forma 
tion for a time and at a pressure suñicient to reduce the 
viscosity of said oil and force it to a producing well in 
communication with the same oil formation, reducing the 
convection heat loss from said tubing string by creating a 
partial vacuum on said inner annular space, reducing the 
radiation heat loss from said tubing string and circulating 
cooling water in and out of said outer annular space to 
prevent thermal expansion of said casing. 

3. A method of treating a subsurface oil-producing 
formation with steam to reduce the viscosity of the oil 
therein and drive said oil to at least one adjacent produc 
ing well, said method comprising the steps of installing in 
a well a string of well casing extending from the top there 
of to at least the top of said oil-producing formation, seal 
ing the space between the outside of said casing and the 
well wall at least near the top of said oil producing forma 
tion, installing within said casing a concentric intermediate 
pipe string extending to a level at least below a portion of 
the sealed space and simultaneously installing within said 
pipe string a tubing string in open communication with 
the casing at a level opposite the oil-producing formation 
with the space between the casing and the tubing string 
being sealed at the bottom of the pipe string to form inner 
and outer annular spaces around said tubing string, in 
stalling within said outer annular space a water line ex 
tending close to the bottom thereof, closing the tops of 
said inner and outer annular spaces while providing com 
munication therewith, circulating cooling water down said 
water line and up the outer annular space, creating a 
vacuum within the inner annular space, and flowing 
steam down said tubing string and into said oil-producing 
formation. 

4. A method of treating a subsurface oil-producing 
formation with steam to reduce the viscosity of the oil 
therein and drive said oil to at least one adjacent produc 
ing well, said method comprising the steps of drilling a 
well into an oil-producing formation, installing a string of 
well casing in said well extending from the top thereof to 
at least the top of said oil-producing formation, sealing 
the space between the outside of said casing and the well 
wall at least near the top of said oil-producing formation, 
installing within said casing a concentric intermediate 
pipe string extending to a level at least below a portion 
of the sealed space and simultaneously installing within 
said pipe string a tubing string in open communication 
with the casing at a level opposite the oil-producing forma 
tion with the space between the casing and the tubing 
string being sealed at the bottom of the pipe string to 
form inner and outer annular spaces around said tubing 
string, installing within said outer annular space a water 
line extending close to the bottom thereof, closing the 
tops of said inner and outer annular spaces while provid 
ing communication therewith, circulating cooling water 
down said water line and up the outer annular space, creat 
ing a vacuum within the inner annular space, flowing high 
pressure steam down said tubing string and into said oil 
producing formation, and continuing the injection of the 
steam into the formation to reduce the viscosity of the oil 
and force it to a producing well in communication with 
the same formation. 
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5. Apparatus for injecting steam into an oil-producing 
formation through a well drilled thereinto, said apparatus 
comprising a well casing extending from the surface down 
wardly into at least the top of the oil formation yand sealed 
in the well atleast at one point above said oil formation, 
perforations in said well casing opposite said oil forma 
tion, a tubing string suspended within said casing and ex 
tending to the level of the oil formation Iand in open 
communication with the casing at said level, an inter 
mediate concentric pipe string between said tubing string 
and said casing forming inner and outer annular spaces 
extending substantially to the top of said oil formation, 
seal means closing the lower ends of said inner and outer 
annular spaces, closure means at the top of the well for 
closing said inner and outer annular spaces, ñrst port 
means through said closure means in communication with 
said inner annular space by which a partial vacuum to 
said space may be applied, second port means through said 
closure means in communication with said outer annular 
space for passing cooling water therethrough, and ñow 
conduit means suspended from said closure means in said 
outer annular space substantially to the bottom thereof 
for circulating cooling water therethrough. 

6. Apparatus for injecting steam into an oil-producing 
formation through a well drilled thereinto, said apparatus 
comprising a well casing extending from the surface down 
wardly through at least the top of the oil formation and 
sealed in the Well at least at one point above said oil 
formation, perforations in said well casing opposite said 
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oil formation, a tubing string suspended within said cas 
ing and extending to the level of the oil formation and in 
open communication with the casing at said level, and 
intermediate concentric pipe string between said tubing 
string and said casing forming inner and outer annular 
spaces extending substantially to the top of said oil forma 
tion, seal means closing the lower ends of said inner and 
outer annular spaces, cooperating anchoring means carried 
by said casing and said intermediate pipe string for 
anchoring said pipe string, an expansion joint in said 
casing opposite the oil formation, closure means at the 
top of the well for closing said inner and outer annular~ 
spaces, first port means through said closure means in 
communication with said inner annular space by which a 
partial vacuum to said space may be applied, second port 
means through said closure means in communication with 
said outer annular space for passing cooling water there 
through, and flow conduit means suspended from said 
closure means in said outer annular space substantially 
to the bottom thereof for circulating cooling water there 
through. 
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