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Delaware 
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3 Claims. (Cl. 166-40) 

This invention relates to the secondary recovery of 
hydrocarbons from hydrocarbon-bearing subterranean for 
mations. More particularly, the invention is directed to a 
method for recovering hydrocarbons from subterranean 
formations wherein a hot ?uid is introduced into the for 
mation to reduce the viscosity of hydrocarbons therein. 
Reducing the viscosity of hydrocarbons within a forma 
tion facilitates the production of the hydrocarbons since 
it increases their ability to ?ow and, as a result, decreases 
the energy required to drive the hydrocarbons out of the 
formation and into the production well or wells, from 
which they are produced. 

It is known in the art to use steam as a hot ?uid to be 
introduced into a formation for the recovery of hydrocar 
bons present in such a formation. In this use, when pass 
ing through the pores between the grains of the formation, 
at least part of the steam condenses. The use of steam 
for this purpose is advantageous since the temperature of 
the injected ?uid will not decrease until the total amount 
of the steam has condensed and, thus the temperature of 
the zone through which the injected ?uid passes will be as 
high as possible. A further advantage of injecting steam 
into a formation is that the pore space which has been left 
by displaced hydrocarbons is ?lled to a certain extent with 
steam, whereby a steam cap is formed, thus providing a 
pre-ssurizing effect in the formation. 
The injection of steam for secondary recovery purposes 

has the disadvantage, however, that the water used for 
creating the steam must be very pure in order to avoid 
fouling of the generator used to create steam. In addition 
to fouling the steam generator, impurities in the feed water 
may also function to foul and clog the hydrocarbon-bear 
ing formation being treated. Although impurities may be 
removed from the feed water by various means, such 
means greatly increase the cost of a steam treating process, 
particularly where available water contains large amounts 
of impurities. The use of steam injection for secondary 
recovery also has the disadvantage that relatively large 
conduits are required to conduct the steam into the forma 
tion being treated and that heat losses from these conduits 
reduce the economy of the injection, unless relatively ex 
tensive insulation means are used. The use of such insula 
tion means has the disadvantage that it increases both the 
size and cost of the apparatus required to support the 
steam injection process. 

It is recognized that some of the aforementioned short 
comings of steam injections have been overcome by ther 
mal-recovery processes utilizing hot water injection rather 
than steam injection. Hot water injection processes nat 
urally avoid the necessity for large conduits as required in 
steam injection and as a result avoid the thermal-insula 
tion requirement to a great extent. Furthermore, since 
the water in hot water injection processes is maintained so 
as to avoid ?ashing into steam, the deposit of impurities 
from the water presents no serious fouling problems. The 
injection of hot water without steam ?ashing has the dis 
advantage, however, that the formation being treated will 
not be as effectively heated as it would with steam injec 
tion, since the latent heat of vaporization of steam is not 
utilized to raise the formation to a relatively uniform high 
temperature. Hot water injection without steam ?ashing 
also has the disadvantage that a steam cap is not formed 

5 

15 

20 

25 

35 

50 

55 

65 

70 

l'" 3,288,214 
Ce Patented Nov. 29, 1966 

2 
to provide a pressurizing effect in the formation, as it is 
with steam injection processes. 

It is an object of the present invention to provide a 
thermal-secondary-recovery process wherein the advan 
tages of each of the above described processes are main 
tained while their disadvantages are avoided. 
With respect to the above object, it is another object of 

the invention to provide a thermal-secondary-recovery 
process wherein aqueous hot ?uids are injected into at 
producing formation without the necessity of purifying 
these ?uids prior to their heating in order to avoid de 
posits that might foul heat generating equipment and the 
formation. 

Yet another and more speci?c object of the invention is 
to provide a thermal-secondary-recovery process wherein 
a hot aqueous liquid is injected into a formation under 
condition-s that will effect a predetermined degree of ?ash 
ing of the liquid to steam. 

It has been found that the above and other objects may 
be attained by a method wherein a hot aqueous liquid is in 
jected into a formation at a temperature at which its va 
por pressure exceeds the ambient pressure of the forma 
tion. The method includes heating an aqueous liquid to a 
temperature at which its vapor pressure exceeds the am 
bient pressure of the formation, said heating being carried 
out at a pressure at which substantially no vaporization of 
the liquid occurs. The heating is controlled so that a 
predetermined amount of vaporization will occur when the 
liquid is exposed to formation pressure, said vaporization 
being limited to an amount which will maintain impur 
ities within the liquid in solution after such vaporization. 
After the liquid is so heated, it is introduced into a conduit 
leading to the formation and injected into the formation 
through said conduit. In its more specific embodiments, 
the liquid may be throttled to formation pressure either at 
the time it is injected int-o the formation or within the 
conduit prior to the time it is injected into the formation. 
The enumerated and other objects and the details of the 

inventive ‘method will become apparent when viewed in 
light of the following detailed description and accompany 
ing illustrations, wherein: 
FIGURE 1 diagrammatically illustrates a vertical sec 

tion of a formation penetrated by a well facilitated to 
carry out the method of the invention; and 
FIGURE 2 illustrates a pressure-enthalpy diagram ex 

emplifying the invention. 
Referring now to FIGURE 1, therein is illustrated a ver 

tical section of a portion of the earth having a permeable 
oil-'bearing formation 10 located therein with relatively 
impermeable formations 11 and 12 located thereabove and 
therebelow, respectively. A well 13 is formed into the 
earth to a depth wherein it penetrates the oil-bearing 
formation 10 and has extending therethrough a casing 
string 14 provided with a perforated section adjacent to 
the formation 10. The perforations in the casing string 
14 are designated by the numerals 15 and are typically 
formed through the use of perforating charges, as are 
well known in the well completion art. 
To facilitate the method of the present invention, an in 

jection string 16 extends through the casing string 14 to a 
location wherein its lower extremity is located adjacent to 
the perforated end of the casing string. The injection 
string is sealingly received within the casing string through 
means of a casinghead 17 at the upper extremity of the 
casing string and a packer 20 located in the casing string 
at a position slightly above the oil-bearing formation 10. 
Typically, the injection string will be concentric with the 
casing string and the packer 20 will sealingly ?ll the an 
nulus between the casing and injection string. 
The injection string 16 forms a part of a conduit to 

convey hot aqueous ?uid into the formation 10. The bal 
ance of the conduit includes a pipe or conduit 21 extending 



3 
between the injection string 16 and a heat exchanger 22. 
The conduit extending between the heat exchanger 22 and 
the formation 10 includes a throttling valve 23 which is 
preferably adjustable. Although the throttling valve is 
illustrated as being interposed in the pipe 21, it is to be 
understood that the valve could be located anywhere in the 
conduit formed by the pipe 21 and injection string 16. 
The alternative locations for the valve 23 will ‘be devel 
oped more completely in the subsequent description of the 
operation of the method of the invention. 
The heat exchanger 22 is supplied with feed Water 

through means of a pump 24,’ which pump is supplied 
with Water through a conduit 25 communicating with a 
Water storage reservoir (not illustrated). The pump 24 
and the heat exchanger 22 are designed to pressurize water 
being heated in the exchanger to an extent wherein little 
or no vaporization will” occur within the exchanger. 
Through this arrangement, water being fed into‘ and 
heated within the exchanger remains liquid until it expands 
through the throttling valve 23. Thus, any impurities 
in the water will remain in solution throughout the pas 
sage of the water through the heat exchanger and the 
conduit leading to the throttling valve. The numeral 26 
in FIGURE 1 designate-s a heating conduit leading into 
the heat exchanger 22. The conduit 26 is merely intended 
to be diagrammatic and, typically, would convey gas 
to burners within the heat exchanger. 

In operation of the system as shown in FIGURE 1, 
water is pumped from the reservoir by means of the 
pump 24 to the heat exchanger 22, in which it is heated 
and passed to the pipe 21. The pressure created by the 
pump 24 is sui?cient so that under conditions prevailing 
in the heat exchanger 22, no, or substantially no, vapori 
zation of the water passing through the exchanger takes 
place. Heating in the exchanger is controlled so that a 
predetermined amount of vaporization will occur when 
the water is exposed to the pressure of the formation to 
he treated, said vaporization being limited to an amount 
which will maintain impurities within the water in solu 
tion after such vaporization. As the water passes through 
the throttling valve 23 in the pipe 21, the pressure is re 
duced to a point where the water vaporizes substantially 
to the predetermined degree. 

After expansion through the throttling valve 23, the 
Water/steam mixture leaving the valve passes into the 
injection string 16. During the downward passage of 
the mixture through the injection string 16, the pressure 
in the mixture Will increase due to the weight of the 
column of ?uid present in the injection string. The pres 
sure prevailing at the bottom of the injection string is 
the injection pressure at which the mixture of steam and 
water passes into the oil bearing formation 10. 

If desired, the throttling valve 23 can be arranged any 
where in the pipe 21 or injection string 16. However, if 
the valve is not arranged in the pipe 21, it has been found 
preferable to mount ‘it at the lower extremity (i.e., out 
let) of the injection string 16. With the latter arrange 
ment, the pipe 21 as well as the injection string 16 will 
be ?lled with water under pressure during operation 
of the method, which water will partially vaporize sub_ 
stantially to the predetermined degree upon leaving the 
lower end of the injection string as a result of pressure 
decrease. 
Upon leaving the lower end -or outlet of the injection 

string 16, the water/steam mixture enters the section of 
the casing string below the packer 20 and passes there 
from through the perforations 15 into the oil-bearing 
formation 10. During passage of the Water/steam mix 
ture into the formation, a further reduction in pressure 
takes place. In those :parts of the formation Where the 
temperature is su?iciently high, i.e., in the vicnity of the 
Well where the formation has already been heated, this 
further reduction in pressure may give rise to further 
evaporation of the injected hot water. Furthermore, it 
is possible that the pressure drops occurring in the lower 
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end of the well and in the formation in the immediate 
vicinity of the well may ‘be such that ?uid injected into 
the formation in the form of water may partially evapo 
rate. 
Upon introduction of the steam/ water mixture into the 

formation 10‘, the mixture passes through the pores be 
tween the grains of the formation, thereby heating the 
hydrocarbons present in the formation and reducing their 
viscosity. Due to the heat transfer taking place between 
the mixture and the formation containing the hydro 
carbons, as well as between the mixture and the forma 
tions 11 and 112 above and below the formation 10, con 
ensation of a substantial part of the steam present in the 

mixture takes place. The condensate so formed accumu 
lates with the hot water which forms part of the mixture. 
Through this condensation, the amount of steam pro 
duced with hydrocarbons produced from the formation 
10 is minimized, as will be developed subsequently. 

In a single hydrocarbon-bearing formation, as the for 
mation 10, injection as illustrated with the arrangement in 
FIGURE 1 may take place at more than one location. 
The hydrocarbons which are displaced in the formation 
10 by means of the water/ steam mixture may be produced 
through various alternative arrangements. For example, 
production wells may be spaced downstream from the in 
jection well and hydrocarbons driven to these production 
wells by the injected water/steam mixture may be pro 
duced therefrom. In this case it is noted that the amount 
of steam produced from the production wells is minimized, 
since most, if not all, of the steam is condensed within the 
formation prior to the time the injected mixture reaches 
the production wells. In another way of producing hydro 

' carbons with the present invention, the steam/water mix 

35 
ture is injected via an injection string into the upper part 
of a hydrocarbon-containing formation, while at the same 
time hydrocarbons are produced from the lower part of 

I this formation through the same well used for injection 
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_ passes through the packer in a ?uidtight manner. 
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via a production string suspended in this well. In this 
case a packer is arranged within the casing string be 
tween the lower end of the injection string and the lower 
end of the production string and the production string 

Other 
production arrangements, as are known to those skilled 
in the art, may also be used without ‘departing from the 
method of the invention. 

Reference is now made to FIGURE 2, wherein a pres 
sure enthalpy diagram exempli?es the method of the 
present invention. At this point it is noted that with 
water having a typical amount of impurities therein, 
vaporization within the formation would generally be 
limited to between 10 and 25% by weight to maintain 
these impurities in solution. It is to -be understood, how 
ever, that situations may arise Where a greater or lesser 
degree of vaporization proves practical, as can be de 
termined experimentally. Once the pressure of the forma 
tion has been established and the desired degree of 
vaporization has been determined, the conditions of tem 
perature and pressure which must be created in the heat 
exchanger 22 (i.e., lbefore expansion) can be thermo 
dynamically determined, since in the practice of the inven 
tion substantially all liquid must be present in the heat 
exchanger. Speci?cally, the temperature and pressure 
in the heat exchanger (i.e., before expansion) should cor 
respond substantially to saturated liquid at an enthalpy 
equal to that of the desired mixture at formation pressure 
(i.e., pressure after expansion into the formation). 
The situation exempli?ed in FIGURE 2 is ideal and 

may vary slightly from actual practice,.since it has been 
assumed that heat losses are negligible, which means that 
the enthalpy of the system is constant (i.e., an adiabatic 
process). Under the circumstances exempli?ed by FIG 
URE 2, the pressure of the formation being treated was 
established as being 500 p.s.i.a. and the desired amount of 
vaporization of water injected into the formation was 
determined as being 20%. With this information, it was 
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?rst necessary to determine the enthalpy of water which 
would vaporize 20% at the formation pressure of 500 
p.s.i.a. To make this determination it was merely neces— 
sary to add 20% of the difference in enthalpy between 
saturated vapor and saturated liquid at 500 p.s.i.a. to the 
enthalpy of saturated liquid at 500 p.s.i.a. From FIG 
URE 2 it can be seen that ?gured in this manner the 
enthalpy of water vaporized to the vdesired degree at forma 
tion pressure would be 600.4 B.t.u.’s per lb. With this 
information, and assuming that expansion takes place at 
constant enthalpy, it is ‘merely necessary to determine the 
temperature and pressure of saturated liquid at an enthalpy 
of 600.4 B.t.u.’s per lb. to determine the temperature 
and pressure conditions which must be created and main 
tained within the heat exchanger 22. In this case, as can 
be seen from FIGURE 2, the pressure and temperature re 
quirements were determined as being 1413 p.s.i.a. and 
588° F., respectively. 
To summarize, the present invention is directed to an 

improved thermal-recovery process of the steam-type 
wherein the expenses of pure water generally necessitated 
by steam injection are alleviated. Speci?cally, by heating 
the injected ?uid in liquid form and maintaining the ?uid 
in largely liquid form after injection, impurities within the 
?uid remain in solution and do not deposit out to foul 
either the heat exchanger utilized to 'heat the ?uid or 
the formation into which the ?uid is injected. In addition 
to alleviate the necessity for high purity water, the present 
invention also avoids the large conduits and heat losses 
encountered in conventional steam injection process. 

In conclusion, it is noted that the present invention is 
not intended to be limited to the speci?c apparatus de 
scribed with reference to FIGURE 1 or the speci?c ex 
ample set forth in FIGURE 2. For example, the tube 
type heat exchanger illustrated is not intended to be 
limiting, but rather any heat exchanger capable of with~ 
standing the pressure requirements of the method could 
be used. Furthermore, various casing string and tubing 
string arrangements, as are Well known to those skilled 
in the well completion art, could he used Without material 
ly departing from the invention. The exact conditions 
represented in FIGURE 2 are merely intended to il 
lustrate those that might exist during a particular appli 
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6 
cation of the invention. It is believed apparent that the 
steps used to arrive at the conditions of pressure and 
temperature in the heat exchanger of the example could 
equally well be applied to situations wherein conditions 
within the formation being treated vary considerably 
from those of the example. Therefore, various changes 
in the details of the described method may be made, with 
in the scope of the appended claims, without departing 
from the spirit of the invention. 

I claim as my invention: 
1. A method of reducing the viscosity of hydrocarbons 

Within a hydrocarbon-bearing earth formation, compris 
mg: 

(a) heating an aqueous liquid containing impurities 
at a pressure at which substantially no vaporization 
of the liquid ‘occurs to a temperature which will cause 
it to vaporize at formation pressure to a prede 
termined degree selected so that the impurities with 
in the liquid will remain in solution therewith after 
vaporizing to said predetermined degree, said tem 
perature and pressure corresponding substantially to 
saturated liquid at an enthalpy equal to that of the 
desired mixture at formation pressure; 

(b) introducing said liquid into a conduit leading to the 
formation; and 

(c) injecting said liquid into the formation through 
said conduit. 

2. A method according to claim 1 wherein the liquid is 
throttled to formation pressure at the time it is injected 
into the formation. 

3. A method according to claim 1 wherein the liquid 
is throttled substantially to formation pressure within the 
conduit prior to the time it is injected into the formation. 
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