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ABSTRACT: Oil is produced from an underground oil-yield 
ing stratum by injecting through a well into said stratum a 
stream of hot injection fluid obtained by mixing steam and 
water at the surface of the earth prior to introduction into said 
well. The water reduces the temperature of the steam to a 
valve which is not detrimental to the well casing and/or tubing. 
In one embodiment, the well may be used in a "huff and puff" 
process and then as an injection well in a direct drive process. 
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METHOD OF PREVENTING CASING AND/OR TUBING 
DAMAGE INSTEAM NJECTION WELL 

This invention relates to the production of oil by thermal 
stimulation. 

Oil production by various thermal stimulation methods is 
known in the art. These methods, in general, comprise supply 
ing heat to an underground oil-yielding formation or stratum 
to stimulate oil production by changing one or more condi 
tions in the formation, e.g., decreasing the viscosity of the oil, 
or increasing the formation pressure. Thermal stimulation 
methods employed include various in situ combustion 
methods, various types of steam injection, and the injection of 
hot water. In all of these methods the general object has been 
to introduce the maximum amount of heat into the formation. 
Thus, in all of said methods the downhole equipment, e.g., the 
casing, tubing, etc., in the well or wells is exposed to tempera 
tures greater than about 450 F. In many wells this results in a 
cracking, buckling, and/or a parting of the casing and/or the 
tubing, as well as damage to cement. 

In one method of well stimulation utilizing hot water it has 
been proposed to introduce heated water through one pipe, 
introduce steam through another pipe, and mix said steam and 
water in the bottom of the well so that the water is at a max 
imum temperature just prior to its introduction into the oil 
bearing stratum. In many instances this method has only 
limited applicability in wells of any appreciable depth because 
of the excessive steam temperatures required. 
The present invention provides a solution for the above 

described difficulties by eliminating exposure of the well tub 
ing and/or casing, or other downhole equipment in the well, to 
detrimental high temperatures. 

Broadly speaking, the present invention comprises provid 
ing a stream of hot injection fluid, for injection through a well 
into an underground formation, by mixing steam and water at 
the surface of the earth prior to introduction into said well. 
An object of this invention is to provide an improved 

method of oil production. Another object of this invention is 
to provide a method for producing a hot injection fluid for in 
jection into an oil-yielding stratum. Another object of this in 
vention is to provide a method for thermally stimulating 
production of oil from an oil-yielding stratum by injecting a 
hot injection fluid into said stratum. A further object of this in 
vention is to provide a method of hot water injection through a 
well into an oil-yielding stratum which prevents damage to 
downhole equipment in the well such as the casing, tubing, 
etc. Other aspects, objects, and advantages of the invention 
will be apparent to those skilled in the art in view of this dis 
closure. 
Thus, according to the invention, there is provided, in a 

method for producing oil from an underground oil-yielding 
stratum penetrated by at least one well provided with a casing 
and/or a tubing string, the steps of: (a) generating steam; (b) 
mixing said steam, at the surface of the earth, with a stream of 
water to obtain a stream of hot injection fluid having a tem 
perature less than the temperature which is detrimental to said 
tubing or casing under the conditions of use in said well; and 
(c) injecting said stream of hot injection fluid through said 
well into said stratum in an amount and for a period of time 
sufficient to improve the flow characteristics of said oil. 
A number of advantages are realized in the practice of the 

invention. For example, by mixing steam and water at the sur 
face of the earth none of the downhole equipment, e.g., tubing 
and/or casing, is subjected to detrimental high temperatures. 
The temperature of the final fluid can be readily controlled to 
any desired temperature independent of the well depth and/or 
the amount of the fluid to be actually injected. In contrast, 
when the steam and water are mixed in the well, at least the 
conduit or pipe carrying the steam is subjected to detrimental 
high temperatures. 
Another advantage is more efficient use of steam generation 

equipment, resulting in savings in both investment and operat 
ing costs. As discussed hereinafter, there is a distinct ad 
vantage in employing the steam generator(s) to generate 
steam rather than employing said generator(s) as hot water 
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2 
heater(s). Furthermore, by generating a high-temperature 
steam and mixing same with water, only the water charged to 
the steam generator must be treated. Thus, the major portion 
of the water used in the process is not treated. This also effects 
significant savings in operating costs. The untreated water 
used in the process can be a raw water from any suitable 
source. Usually, said raw water will be "cold," i.e., at ambient 
temperature, e.g., 40 to 100 F. However, raw water having 
higher temperatures can also be used. Still another advantage 
of the invention is that said raw water can be formation water 
in those instances where the formation is sensitive to fresh 
Water. 

The steam used in the practice of the invention can be at 
any suitable temperature which is greater than the tempera 
ture desired on the hot injection fluid. In many instances, it 
will be desirable that said steam have a temperature of at least 
500 F., or higher, for convenience or efficiency in operating 
the steam-generating equipment. 
The invention is applicable to oil-yielding underground for 

mations or strata such as oil sands, tar sands, etc. The inven 
tion is particularly applicable to formations or strata contain 
ing high viscosity oils which are difficulty flowable or even 
nonflowable under reservoir conditions. The invention is also 
applicable to formations containing oils of low to medium 
viscosity. The method of the invention can be utilized as a pri 
mary recovery method, or as a secondary recovery method, 
e.g., where the sands have been previously produced by con 
ventional primary methods. 

In the practice of the invention the hot injection fluid will be 
injected into the formation being treated in an amount and for 
a period of time sufficient to significantly alter flow charac 
teristics of oil contained in the formation, e.g., lower the 
viscosity of the oil at least about 10 percent or more, 
preferably at least 50 percent or more. Generally speaking, 
and as a guide to those skilled in the art, the amount of hot in 
jection fluid injected into a formation will be within the range 
of from about 25,000 to 50,000 pounds per hour, depending 
upon interrelated factors such as formation thickness, forma 
tion permeability, and the amount of formation face exposed 
in the well. Typical injection rates will usually be within the 
range of about 250 to 750 lbs. per foot of open interval in the 
well per hour. However, it is within the scope of the invention 
to inject amounts of hot injection fluid which are outside said 
range. 

It is desirable that the hot injection fluid utilized in the prac 
tice of the invention have a temperature which is not greater 
than about 425 F. so as to prevent damage to the casing 
and/or tubing under the conditions of use in said well. This is 
desirable in order that the most economical grades of low car 
bon steel can be employed in the casing and/or tubing. It is 
preferred that said hot injection fluid have a temperature in 
the range of about 350° to about 400 F. In most instances, 
said hot injection fluid will be maintained under sufficient 
pressure to maintain same in essentially liquid phase, i.e., as 
liquid water. However, it is within the scope of the invention 
to employ a two-phase mixture of steam and water. 
The invention is applicable to formations or strata located 

at appreciable depths below the surface of the earth, e.g., at 
least about 500 feet, and is particularly applicable to forma 
tions located at least about 1,000 feet below the surface of the 
earth. The following Table I illustrates this feature of the in 
vention. 

TABLE I 

Steam temp. 
at pressure 

Water head required at 
Formation at formation formation 
depth, ft. depth, p.s.i.g. depth, F. 

217 394 
433 450 
650 498 
866 530 

1,083 556 
1,299 579 
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Referring to said table I, it will be noted that for a formation 
located at a depth of 1,000 feet, and having a formation pres 
sure of at least 433 p.s. i.g., it will be impossible to mix water 
and steam in such a well without subjecting either the tubing 
and/or the casing to a temperature in excess of 425° F. A 
column of water filling a tubing or casing in such a well will 
have a head of at least 433 p.s. i. Thus, in order to inject steam 
into this head of water it is required that the steam pressure be 
at least equal to the head of water. Under these circumstances 
the steam will have a temperature of about 450°F. Actually, 
one would probably use a steam pressure somewhat above the 
minimum requirements. This would increase the steam tem 
perature still more. Furthermore, in many instances the for 
mation pressure or permeability will require that even higher 
steam pressures be used. However, by mixing the steam and 
water at the surface of the earth in accordance with the inven 
tion one can avoid subjecting the tubing and/or casing to the 
high steam temperatures. 
The drawing illustrates diagrammatically several embodi 

ments of the invention. Referring to said drawing, a stratum 10 
is penetrated by a well 12 which is provided with a casing 14 
and a tubing string 16. If desired, although it is not necessary 
in the practice of the invention, a packer may be positioned 
around tubing 16 so as to seal off the annulus between said 
tubing 16 and casing 14. Said casing 14 is provided with per 
forations 18 in the portion thereof which extends into stratum 
10. 

A boiler or steam generator 20 is provided aboveground 
and a steam line 22, having control valve 24 disposed therein, 
is connected with a mixing tee 26. A water conduit 28, having 
control valve 30 disposed therein, is also connected into said 
mixing tee 26. Conduit 32, having valve 34 disposed therein, is 
also connected to said mixing tee and to the upper end of tub 
ing string 16. Outlet conduit 36, having valve 37 disposed 
therein, is connected into said conduit 32. Outlet conduit 38, 
having valve 39 disposed therein, is connected to the casing 
14. 

In the practice of one embodiment of the invention a hog in 
jection fluid is prepared by passing water via conduit 28 into 
mixing tee 26 and introducing sufficient steam via conduit 22 
into said mixing tee 26 to increase the temperature of said 
water to a value not greater than about 425 F. If desired, 
suitable automatic controls can be installed on valves 24 and 
30 to control the amounts of said steam and water in ac 
cordance with the temperature desired on the injection fluid. 
Said hot injection fluid is passed via conduit 32 into tubing 16 
and introduced into formation 10 through perforations 18 in 
casing 14. The hot injection fluid is introduced in an amount 
and for a period of time sufficient to cause same to invade for 
mation 10 for an appreciable distance, e.g., about 10 to 50 
feet or more, initially. When a sufficient amount of the hot in 
jection fluid has been injected into the formation, the well is 
closed in by closing the valves at the wellhead so as to initiate 
a soaking period. Said soaking period is not essential in the 
practice of the invention but is usually preferred. Thus, said 
soaking period can range from zero up to 30 days, or longer, 
during which heat is absorbed into the formation. After a 
suitable soaking period, depending upon the characteristics of 
the formation and the oil contained therein, the well can be 
placed on production by opening either valve 37 or valve 39, 
as desired, and depending upon whether or not a packer has 
been installed around tubing 16. This will reduce the pressure 
in the well and permit oil together with hot injection fluid to 
flow therefrom. If desired, a pump can be installed on the 
downhole end of tubing 16 to pump oil and water from the 
well. Effluent from the well is passed via either conduit 36 or 
38 to suitable oil separation and recovery means. 
The above-described steps of injecting, soaking, and then 

producing the formation can be repeated cyclically in any 
manner that proves desirable from an economic standpoint 
depending upon the characteristics of the formation and the 
oil contained therein. The length of the injection period, the 
length of the soaking period, and the length of the production 
period will all depend upon the characteristics of the forma 
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4. 
tion and the oil contained therein. Said periods can extend 
over days or months. After a number of cycles, one or more, 
the amount of oil left in the formation will be diminished, and 
at the same time the temperature of the formation will have 
been increased, to such an extent that the effective radius of 
injection surrounding well 12 will have extended out into the 
formation for a substantial distance. At this time, if desired, a 
second well 40, substantially like said well 12, can be 
completed into said stratum 10. If desired, said second well 
can have been previously completed and shut in during said 
cycles. Then, if desired, the production process can be 
changed from the previous method which can be considered a 
"huff and puff" process to what is essentially a direct drive 
process. Preferably, this change is made after a number of said 
cycles which is sufficient to heat substantially all of said 
stratum between said wells. In this embodiment of the inven 
tion the hot injection fluid introduced into the formation via 
well 12 will pass through the formation 10, driving oil ahead of 
same, and then through perforations 42 in the casing of well 
40. The fluids so driven into well 40 may be produced 
therefrom by opening one of the valves at the wellhead, or by 
means of a suitable pump on the downhole end of the tubing string. 
The following illustrative embodiment will serve to further 

illustrate the invention. A well is completed into a producing 
formation located at a depth of 3,000 feet and having a reser 
voir pressure of approximately 1,100 p.s. i. and a reservoir 
temperature of approximately 134 F. The well is equipped 
with apparatus to facilitate both the introduction of fluids 
thereinto and the removal of effluent therefrom, similarly as il 
lustrated in the drawing. Steam at a temperature of about 600 
F. is mixed into water at ambient temperature (approximately 
70 F.) in an amount sufficient to provide a hot injection fluid 
having a temperature of about 380° F. Injection of said hot 
fluid is started and continued for a period of 14 days, with the 
injection pressure averaging about 2,000 p.s. i. At the end of 
the 14-day injection period, injection of said hot fluid is ter 
minated and the formation allowed to soak for 7 days. The 
pressure on the well is then reduced to start production. An in 
itial production rate of about 500 barrels per day of oil is ob 
tained during the first week. By the end of the first production 
cycle, 6 months later, this well is producing about 175 barrels 
per day of oil, significantly more than its former production 
rate of 140 barrels per day prior to the treatment with the hot 
injection fluid. At the end of said first production cycle the in 
jection of the hot injection fluid is resumed. The cycle of injec 
tion and production is repeated until the reservoir being 
treated is depleted to a point where further production is no 
longer economically feasible, or until the formation has been 
heated to an extent making it attractive to steam-drive the oil 
from said well to another spaced-apart well. 
The above-described injection and production cycle is car 

ried out employing steam-generating equipment designed for 
maximum thermal output of 20 million B.t.u. per hour in the 
form of 80 percent quality steam. When this equipment is used 
directly as hot water-heating equipment to heat water to 380 
F., liquid throughout restrictions limit the maximum thermal 
output to about 8 million B.t.u. per hour. This, when operating 
in accordance with the invention, e.g., employing said 
generating equipment to produce steam and using said steam 
to heat water, and mixing said steam and water at the surface 
of the earth, there is obtained an operating improvement of 
about 250 percent over employing said generators to produce 
hot water directly. Furthermore, by mixing the steam and 
water at the surface of the earth it is possible to control the 
temperature of the injected hot water independently of well 
depth and amount of water injected. This temperature control 
makes it possible to maintain the temperature of the injected 
hot water below temperatures at which damage to the well 
casing and/or tubing occurs. 
While the invention has been described as being employed 

with one input-output well (well 12) and/or one output well 
(well 40), the invention is not so limited. The invention is ap 
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plicable to a plurality of input-output wells and/or a plurality 
of output wells arranged in any desired well pattern. 
While certain embodiments of the invention have been 

described for illustrative purposes, the invention is not limited 
thereto. Various other modifications of the invention will be 
apparent to those skilled in the art in view of this disclosure. 
Such modifications are within the spirit and scope of the dis 
closure. 

I claim: 
1. In a method for producing oil from an underground oil 

yielding stratum penetrated by at least one well provided with 
a casing and/or a tubing string, the steps of: 
a generating steam having a temperature which is detri 

mental to said casing and/or tubing string; 
b. mixing said steam, at the surface of the earth, with a 

stream of water having a temperature less than said detri 
mental temperature, to obtain a stream of hot injection 
fluid having a temperature less than said detrimental tem 
perature; and 

... injecting said stream of hot injection fluid through said 
well and into said stratum in an amount and for a period 
of time sufficient to improve the flow characteristics of 
said oil. 

2. A method according to claim 1 wherein said hot injection 
fluid of step (b) has a temperature not greater than about 425 
F. 

3. A method according to claim 2 wherein said hot injection 
fluid of step (b) has a temperature within the range of about 
350 to about 400 F. 

4. The method of claim 1 including the further steps of: 
d. terminating the injection of step (c); 
e. reducing the pressure on said well and allowing said oil 

having improved flow characteristics to flow into said 
well; and 

f. recovering said oil from said well. 
5. The method of claim 4 wherein: said stratum is 

penetrated by a second well spaced apart from said other well; 
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6 
said steps (a), (b), (c), (d), (e), and (f) are repeated for a 
number of cycles sufficient to heat substantially all of said 
stratum between said wells; said second well is shut in during 
said cycles; then, after the last of said cycles, repeating said 
steps (a), (b), and (c); continuing the injection of said last 
mentioned step (c) for a period of time sufficient to drive said 
oil into said second well, and said oil is produced from said 
second well. 

6. The method of claim 5 wherein said hot injection fluid of 
step (b) has a temperature not greater than about 425 F. 

7. The method of claim 6 wherein said hot injection fluid of 
step (b) has a temperature within the range of about 350° to 
about 400°F. 

8. The method of claim 5 wherein: said steam is generated 
in a steam generation zone; said water is at substantially am 
bient temperature; said steam and said water are mixed 
downstream from said steam generation zone, and said hot in 
jection fluid has a temperature within the range of about 350 
to about 400°F. 

9. The method of claim 1 wherein said stratum is penetrated 
by a second well spaced apart from said other well, said injec 
tion of step (c) is continued for a period of time sufficient to 
drive said oil into said second well, and said oil is produced 
from said second well. 

10. The method of claim 9 wherein said hot injection fluid 
of step (b) has a temperature not greater than about 425 F. 

11. The method of claim 10 wherein said hot injection fluid 
of step (b) has a temperature within the range of about 350° to 
about 400°F. 

12. The method of claim 1 wherein: said steam is generated 
in a steam generation zone; said water is at substantially am 
bient temperature; said steam and said water are mixed 
downstream from said steam generation zone; and said hot in 
jection fluid has a temperature within the range of about 350 
to about 400°F. 


