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57 ABSTRACT 
A process for producing petroleum from a subterra 
nean reservoir is provided whereby a solvent equal in 
density or more dense than water is circulated be 
tween upper and lower perforations in a first well in 
order to dissolve petroleum in an ever-widening vol 
ume around the well bore until communication is es 
tablished to a second well. At this point the produc 
tion side of the first well is shut in, injection of solvent 
is ceased, an aqueous fluid is injected into the first 
well and production is taken from the second well. 

12 Claims, 2 Drawing Figures 
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PETROLEUM RECOVERY PROCESS 

BACKGROUND OF THE INVENTION 
... Field of the Invention 
This invention relates to a process for recovering pe 

troleum by miscible displacement. 
2. Description of the Prior Art 
Various methods for inducing the recovery of petro 

leum from underground reservoirs are in existence. 
These methods include injecting water, steam or some 
aqueous based mixture to drive the oil from the reser 
voir. These displacement processes are inefficient. The 
inefficiency of these displacement processes is partly 
due to the retentive forces of capillarity and interfacial 
tension. Miscible flooding provides a method for effi 
ciently displacing the petroleum from a reservoir. 

In miscible flooding, solvent for the petroleum is in 
troduced into the reservoir and driven through the res 
ervoir. Dissolution of the petroleum by the solvent per 
mits no two phase system between the solvent and the 
petroleum to exist at the conditions of temperature and 
pressure existing in the reservoir. Therefore, the reten 
tive forces of capillarity and interfacial tension are non 
existent. These forces decrease the displacement effi 
ciency of a recovery process where the driving fluid or 
displacing agent and the petroleum exist as two phases 
in the reservoir. 

In a miscible flood process the solvent has the capa 
bility of mixing completely with the petroleum in the 
reservoir. A transition zone is formed at the leading 
edge of the solvent between the solvent and the petro 
leum in which miscibility exists between the solvent 
and the petroleum. 

in displacement processes in general, the ideal sought 
after is piston-like displacement. That is, the displacing 
fluids should ideally present a flat front to the petro 
leum in the reservoir and displace it uniformly through 
the reservoir. Most miscible solvent slugs are followed 
by an aqueous fluid or gas to drive them through the 
reservoir. Moreover, most miscible solvents have here 
tofore been light hydrocarbons with densities less than 
water. Problems have arisen with such processes, how 
ever. 

In a vertical miscible flood, for example, using a light 
hydrocarbon solvent slug followed by water, the water 
will tend to finger through the less dense solvent, de 
stroying piston-like displacement and resulting in pre 
mature breakthrough of the displacing medium water. 
Further, there are certain petroleum deposits which are 
only partially soluble in the prior art solvents. One type 
of petroleum which is only partially soluble in prior art 
solvents is the tar sand oils (bitumen). 
Throughout the world there are various known loca 

tions wherein the earth contains large deposits of tar 
sands. For example, one of the most extensive and best 
known deposits of this type occurs in the Athabasca 
district of Alberta, Canada. In the tar sands in such de 
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posits, the oil typically has a density approaching or 60 
even greater than that of water. The Athabasca tar 
sands extend for many miles and occur in varying thick 
nesses of up to more than 200 feet. Although in some 
places the Athabasca tar sands are disposed practically 
on the surface of the earth, generally they are located 
under an overburden which ranges in thickness from a 
few feet to as much as 1,000 or more feet in depth. The 
tar sands located at these depths constitute one of the 

65 

2 
world's largest presently known petroleum deposits. In 
these sands, the oil content ranges between about 10 
percent and 20 percent by weight, although sands with 
lesser or greater amounts of oil content are not un 
usual. Additionally, the sands generally contain small 
amounts of water in the range of from about 1 to 10 
percent by weight. 
The oil present in and recoverable from Athabasca 

tar sands is usually a rather viscous material ranging in 
specific gravity from slightly below 1.00 to about 1.04 
or somewhat greater. At a typical reservoir tempera 
ture, e.g., about 48.F., this oil is immobile, having a vis 
cosity exceeding several thousand centipoises. At 
higher temperatures, such as temperatures above about 
200F. this oil becomes mobile, with viscosities of less 
than about 343 centipoises, and the tar sands are in 
competent. Since this tarry material does not generally 
command a very high price, particularly when in its 
crude state, its separation and recovery must involve a 
minimum of expenditure in order to be economically 
attractive for commercial practice. 

SUMMARY OF THE INVENTION 

The invention is a process for producing petroleum 
from a subterranean reservoir having at least two wells, 
the first well open to the reservoir at two places verti 
cally separated and equipped to prevent internal fluid 
communication between the upper and lower openings, 
and the second well being open to the reservoir in at 
least one place. The steps of the invention comprise in 
jecting a petroleum solvent more dense than water into 
the reservoir through the upper openings of the first 
well, producing the solvent and dissolved petroleum 
through the lower openings of the first well until fluid 
communication is established between the first and sec 
ond wells, producing solvent and dissolved petroleum 
through the second well, ceasing injection of the sol 
vent, injecting an aqueous fluid into the upper and/or 
lower openings of the first well either cold or, if de 
sired, hot enough to vaporize the solvent remaining in 
the reservoir and producing petroleum until the eco 
nomic limit is reached. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The process of our invention may be more readily un 
derstood by referring to the attached figures and the 
following description. 
FIG. 1 depicts the process of our invention in the 

early stages of operation. A hydrocarbon-bearing for 
mation 10 is penetrated by a first well 11 and the sec 
ond well 12. Well 11 has perforations at two levels in 
the reservoir, upper level 13 and lower level 14. Well 
11 is equipped internally so as to avoid internal fluid 
communication between fluids entering or leaving per 
forations 13 and 14. A solvent heavier than water is in 
jected through perforations 13 of well 11 via the annu 
lus 15. The solvent, being heavier than the reservoir 
fluids, tends to migrate in a downward direction toward 
perforations 14. The solvent and the dissolved hydro 
carbons are produced through tubing 16. The solvent 
and the dissolved petroleum is taken to the surface 
where the solvent and the petroleum may be separated. 
The separation may take place as shown in the drawing. 
For example, a flash unit 17 will separate the petroleum 
from the solvent and render the solvent into a gaseous 
phase which will flow into a condensation unit 18. The 
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condensed solvent may then be reinjected through line 
19 into annulus 5 and back into the formation to form 
a continuous process. This is called cycling the well. 
The cycling process of FIG. 1 will continue until the 
solvent affected area of the reservoir 20 expands and 
comes into communication with well 12 at perforations 
2. 

FIG. 2 depicts a situation where the solvent-affected 
volume of the reservoir has reached perforations 21 of 
well t2. At this point there is fluid communication be 
tween well 11 and 12 and production through perfora 
tions 14 in well 1 1 is ceased. To conserve solvent, injec 
tion of solvent through perforations 13 is also ceased. 
There being sufficient solvent in the formations to dis 
solve additional petroleum, a hot fluid from a source 22 
is injected into the annulus 15 of well 11 through perfo 
rations 13 into the reservoir. Alternatively the hot fluid 
could be injected into the reservoir through the lower 
perforations 14 of well 11 via the tubing 16 or through 
both perforations 13 and 14. The fluid 22 has tempera 
ture sufficient to vaporize the solvent remaining in the 
reservoir. The vaporized solvent will permeate the res 
ervoir and petroleum extracted by the solvent will be 
produced through perforations 21 of well 12. This pro 
cedure is continued until the economic limit is reached 
in the production of well 12. 
The types of solvents useful in the process of our in 

vention are those which are heavier than and essen 
tially chemically inert to water and have solubility char 
acteristics which enable them to dissolve adequate 
amounts of petroleum. It is preferred that the solvent 
have a viscosity less than water. Ideally the solvent 
should be completely miscible with petroleum so that 
the interface between the solvent and the petroleum is 
removed. Examples of specific solvents include but are 
not limited to carbon disulfide and chlorinated hydro 
carbons such as methylene chloride and carbon tetra 
chloride. 

In certain applications carbon disulfide is the pre 
ferred solvent because of its unique properties and ease 
of manufacture and recovery. In the case of tar sand 
oil, for example, the bitumen is more soluble in carbon 
disulfide than in other solvents and certain bitumens 
may only be soluble to any appreciable extent in car 
bon disulfide. Also, where the recovered crude is to be 
catalytically treated in a refinery, for example, carbon 
disulfide is preferred. It is a characteristic of covalently 
bonded halogens such as those found in halogenated 
hydrocarbons that they tend to poison some refinery 
catalysts. Carbon disulfide does not and in addition is 
quite easily removed from the recovered crude by 
physical separation processes to be reused again leav 
ing the crude substantially free of carbon disulfide. 
Carbon disulfide may also have a great economic ad 
vantage over halogenated hydrocarbons since it may be 
manufactured by the reaction between coke (carbon) 
and sulfur. Coke and sulfur are often found in excess 
near prolific tar sand deposits such as the Athabasca tar 
sands of Canada. The use of these materials would be 
an aid to the conservation of the environment. 
The type of solvent for use in our invention will de 

pend on the efficiency desired in dissolving of petro 
leum and the conditions under which the process is car 
ried out. In general, the solvent must be heavier than 
water as stated before. This includes, for example, both 
carbon disulfide and the halogenated hydrocarbons. 
However, carbon disulfide is known to react with water 
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4 
at certain high temperatures and using certain cata 
lysts. This fact may tend to make the use of chlorinated 
hydrocarbons more attractive even though in general 
chlorinated hydrocarbons do not solubilize all fractions 
of tar sand oil. The reaction between carbon disulfide 
and water to yield carbonyl sulfide and hydrogen sul 
fide was investigated by R. R. Bacon and E. S. Boe (In 
dustrial and Engineering Chemistry, Vol. 37, pages 
469, 1945). Their results showed that the reaction did 
not occur in the absence of a catalyst up to 700°C. 
Also, the reaction did occur at temperatures as low as 
200°C. in the presence of a catalyst. In addition, their 
work showed that the reaction was a vapor phase reac 
tion and that the best catalyst investigated was acti 
vated alumina which obtained 100 percent conversion. 
Thus, in the process of our invention an important fac 
tor in considering which solvent to use will depend on 
the nature and temperature of the fluid following the 
solvent. In general, it may be safe to use steam if the 
temperature of the steam is below 250F. It would ap 
pear that it would be completely safe to use hot or cold 
water instead of steam. Since carbon disulfide has a 
boiling point of 115F., water above this temperature 
could be used to vaporize the carbon disulfide in the 
formation if such vaporization is desired. Of course, a 
nonaqueous fluid could be substituted for steam or hot 
water as the heat medium to vaporize carbon disulfide. 
One attractive fluid is a heavy aromatic solvent which 
will have its own solubilizing effect on the reservoir hy 
drocarbon. 

It is also within the scope of our invention to use as 
a solvent a blend of carbon disulfide with another com 
ponent, mutually soluble in carbon disulfide such as 
chlorinated hydrocarbons. 
A very important advantage of using carbon disulfide 

is the lack of an emulsification between water and car 
bon disulfide. Water and carbon disulfide separate into 
distinct layers easily separable from each other. This 
feature is advantageous for many reasons. For example, 
emulsification within the formation can lead to a reduc 
tion of permeability due to what is commonly known as 
"emulsion blockage'. The lack of emulsification when 
carbon disulfide is used prevents the problem from oc 
curring. Another advantage of the lack of emulsion 
forming tendency between carbon disulfide and water 
occurs when the solvent, bitumen and water are pro 
duced and separation of the carbon disulfide from the 
tar sand oil or bitumen is desired. Emulsion formation 
would distinctly hamper these operations. 
We claim: 
1. A process for producing petroleum from a subter 

ranean reservoir having at least two wells, the first well 
being open to the reservoir at two places vertically sep 
arated and equipped to prevent internal fluid commu 
nication between the upper and lower openings, and 
the second well being open to the reservoir in at least 
one place comprising: 

a. injecting a petroleum solvent more dense than 
water into the reservoir through the upper open 
ings of the first well, 

b. producing the solvent and dissolved petroleum 
through the lower openings of the first well until 
fluid communication is established between the 
first and second wells, 

c. producing solvent and dissolved petroleum 
through the second well, 

d. ceasing injection of the solvent, 
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e. injecting an aqueous fluid into the upper openings 
of the first well, and 

f. producing petroleum until the economic limit is 
reached. 

2. A process as in claim wherein the reservoir is a 
tar sand reservoir. 

3. A process as in claim 2 wherein the solvent com 
prises carbon disulfide. 
4. A process as in claim 2 wherein the solvent com 

prises a chlorinated hydrocarbon. 
5. A process as in claim 2 wherein the solvent com 

prises a mixture of carbon disulfide and a chlorinated 
hydrocarbon. 

6. A process as in claim 1 wherein the aqueous fluid 
of step (e) has a temperature sufficient to vaporize the 
solvent remaining in the reservoir. 

7. A process for producing petroleum from a subter 
ranean reservoir having at least two wells, the first well 
being open to the reservoir at two places vertically sep 
arated and equipped to prevent internal fluid commu 
nication between the upper and lower openings, and 
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6 
the second well being open to the reservoir in at least 
one place comprising: 

a. cycling a petroleum solvent more dense than water 
in the first well until fluid communication is estab 
lished between the first and second wells, 

b. injecting an aqueous fluid into the first well while 
petroleum is produced through the second well. 

8. A process as in claim 7 wherein the reservoir is a 
tar sand reservoir. 

9. A process as in claim 8 wherein the solvent com 
prises carbon disulfide. 

10. A process as in claim 8 wherein the solvent com 
prises a chlorinated hydrocarbon. 

11. A process as in claim 8 wherein the solvent com 
prises a mixture of carbon disulfide and a chlorinated 
hydrocarbon. 

12. A process as in claim 7 wherein the aqueous fluid 
of step (b) has a temperature sufficient to vaporize the 
solvent remaining in the reservoir. 
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