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[57] _ ABSTRACT 

A miscible displacement process for the recovery of 
petroleum from a petroleum-bearing formation is per 
formed in situ by use of a solvent miscible with the pe~ 
troleum and having a density greater than water fol 
lowed by a gaseous driving ?uid. 

12 Claims, 1 Drawing Figure 
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MISCIBLE DISPLACEIVENT OF PETROLEUM 

BACKGROUND OF THE INVENTION 

1. 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 inef?cient. The 
inefficiency of these displacement processes is partly 
due to the retentive forces of capillarity and interfacial 
tension. Miscible ?ooding provides a method for ef? 
ciently displacing the petroleum from a reservoir. 

In miscible ?ooding, 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 ef? 
ciency of a recovery process where the driving ?uid or 
displacing agent and the petroleum exist as two phases 
in the reservoir. 

In a miscible ?ood 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. For economic reasons the solvent 
is normally injected as a slug followed by another ?uid 
such as a gas or an aqueous ?uid to drive the solvent 
slug and the petroleum through the reservoir. ' 

In displacement processes in general, the ideal sought 
after is piston-like displacement. That is, the displacing 
?uids should ideally present a ?at front to the petro 
leum in the reservoir and displace it uniformly through 
the reservoir. Most miscible solvent slugs are followed 
by an aqueous ?uid to drive them through the reser 
voir. Moreover, most miscible solvents have heretofore 
been light hydrocarbons with densities less than water. 
Problems have arisen with such processes, however. 

In a vertical miscible ?ood, for example, using a light 
hydrocarbon solvent slug followed by water, the water 
will tend to finger through the less dense solvent due to 
viscous ?ngering and gravity segregation, destroying 
piston-like displacement and resulting in premature 
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 are the tar sand oils. 
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 
posits, the oil typically has a density approaching or 
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 
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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 
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 I to 10 
percent by weight. 
The oil present in and recoverable from Athabasca 

tar sands is usually a rather viscous material ranging in 
speci?c 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 
viscosity exceeding several thousand centipoises. At 
higher temperatures, such as temperatures above about 
200° F. 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 the recovery of petro 
leum from a reservoir by miscible displacement. The 
process involves introducing a slug of solvent capable 
of dissolving formation hydrocarbon and of density 
greater than water into the upper portion of a reservoir 
and forcing the solvent through the reservoir to some 
point lower than the point of introduction by means of 
a driving ?uid and producing the solvent and extracted 
?uids from the reservoir at this point. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing depicts the vertical drive process of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention is an improvement in the displacement 
of heavy oil, such as tar sand oil. The improvement 
comprises a downward displacement of petroleum with 
a petroleum solvent having a density greater than a 
?uid driving the solvent and preferably a viscosity less 
than the driving ?uid. The solvent, being heavier than 
the driving ?uid, will substantially eliminate ?ngering 
of the driving ?uid through the solvent. That is, in a 
downward drive the lighter driving ?uid will ride above 
the heavier solvent providing a piston-like displace 
ment of the solvent. Also, if the driving ?uid is more 
viscous than the solvent, the likelihood of ?ngering of 
the aqueous ?uid through the solvent is further re 
duced. Thus, both gravity stabilization and favorable 
viscosity contrast is provided between the driving ?uid 
and the petroleum solvent. 
Aqueous ?uids such as water are suitable ?uids for 

displacing the solvent through the reservoir, but any 
?uid having favorable properties may he used. The dis 
placing ?uid must be lighter than the solvent. The ?uid 
must also be unreactive with the solvent. 
Aqueous ?uids provide all of the advantages and pre 

vent both viscous ?ngering and gravity segregation in 
a vertical drive. However, gravity segregation alone will 
provide some protection against ?ngering of the driving 
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?uid into the solvent. Consequently, driving ?uids less 
viscous than the solvents may be used. For example, 
gases including light hydrocarbons and carbon dioxide 
are suitable driving fluids in the process of our inven 
tion. Light hydrocarbons include, for example, C1 and 
C4 homologs such as methane, ethane, propane, isobu 
tane and butane. 
The types of solvents useful in the process of our in 

vention are those which are more dense than water and 
chemically inert to the driving ?uid and have solubility 
characteristics which enable them to dissolve adequate 
amounts of petroleum. Ideally, the solvent should be 
completely miscible with the petroleum so that the in 
terface between the leading edge of the solvent and the 
petroleum is removed. Examples of speci?c solvents 
include but are not limited to carbon disul?de and 
chlorinated hydrocarbons such as methylene dichloride 
and carbon tetrachloride. Any solvent more dense than 
water may be used. 

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

It is also within the scope of our invention to use as 
a solvent a blend of carbon disul?de with another com 
ponent, mutually soluble in carbon disul?de such as a 
chlorinated hydrocarbon. These materials should also 
be easily removed from dissolved tar sand oilby physi 
cal separation techniques such as vacuum distillation. 

The process of our invention may be carried out by 
a variety of techniques. In one technique, for example, 
at least two wells are needed, one for injection and an 
other for production. The solvent may proceed through 
the formation horizontally from the injection well to 
the production well, but the bene?ts of this invention 
become greater as the angle the solvent proceeds 
through the formation approaches 90° from the hori 
zontal. Ideally,‘ the interface between the solvent and 
?uid driving it should be horizontal. This con?guration 
allows gravity stabilization to have its maximum effect 
on the system. 
The process of this invention is operable in a variety 

of petroleum reservoirs containing petroleum of widely 
differing gravities. One preferred embodiment, how 
ever, is to recover tar sand oil using a solvent compris 
ing a major amount of carbon disul?de. As pointed out 
previously, it is a characteristic of the bitumen constitu 
ents of tar sand oil or petroleum that they are soluble 
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4 
in carbon disul?de and less soluble or insoluble in most 
other solvents. 
A very important advantage of using carbon disul?de 

is the lack of an emulsi?cation of the separate water 
and carbon disul?de phaseswhen water is used as the 
driving ?uid. The phases separate into distinct layers 
easily separable from each other. This feature is advan 
tageous for many reasons. For example. emulsi?cation 
within the formation could lead to a reduction in per 
meability due to what is commonly known as "emul 
sion blockage.” The lack of emulsi?cation when car 
bon disul?de is used prevents this problem from occur 
ring. Also, emulsi?cation could destroy piston-like dis 
placement. Another advantage of the lack of emulsion 
forming tendency between carbon disul?de and water 
occurs when the solvent, bitumen and water are pro 
duced and separation of the carbon disul?de is desired. 
Emulsion formation would distinctly hamper these op 
erations. 
The size of solvent slug to be used will depend on the 

solvent chosen and the degree of recovery desired. The 
degree of recovery desired is a matter of economics 
and may be determined by those skilled in the art with 
out engaging in inventive effort. As an aid in determin 
ing the size of slug needed the following procedure may 
be used but is not intended to limit the scope of our in 
vention or tie it to any routine calculation procedure. 
The size of a slug of carbon disul?de, for example, may 
be calculated by a formula such as: 

Solubility of bitumen amount of bitumen 
in carbon disul?de (CS2) X per acre-foot of 

formation 

acre-feet degree of depletion desired 
X in formation X (decimal) 

= amount of carbon disul?de required 

Routine laboratory experimentation may be used to de~ 
termine the solubility of a given bitumen in carbon di 
sul?de and core analysis will yield information on the 
amount of bitumen per acre foot of formation. Thus, 
the size of solvent slug for any ?eld may be determined. 

The temperature of the solvent slug should be low 
enough to avoid having the carbon disul?de react with 
water when water is the driving ?uid. Normally the slug 
will be introduced at ambient temperature and will take 
on the reservoir temperature in a short period of time. 
In one location of the Canadian tar sands, for example, 
the reservoir temperature is about 45° F. In no case 
when carbon disul?de is used with water should the 
temperature of the solvent be above that at which car 
bon disul?de reacts with water, about 400° F. 
The temperature of the displacing or driving water 

should not be so low that, in combination with dis 
solved salt content, its density exceeds that of the sol 
vent. 
A fairly thick reservoir is preferred in the process of 

this invention to allow as near to a vertical miscible 
?ood as possible. The placement of the injection and 
production wells is related. They should be situated so 
that the‘ injection of the solvent and the drive ?uid 
takes place at a point in the reservoir above the point 
where the production is taken from the reservoir. The 
lateral as well as vertical spacing of the production and 
injection points should be such that a blanket of solvent 
followed by drive ?uid will cover the largest area of the 
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reservoir consistent with economics. The above factors 
should be understood as given to explain how to maxi 
mize the effectiveness of this invention. However, the 
invention should not be construed as limited to .any par 
ticular well con?guration or reservoir type. 

MINING TECHNIQUES 
In one embodiment of the invention a “dump” flood 

may be performed. This involves drilling a large diame 
ter hole into the crestal portion of a tar sand formation, 
for example. A solvent heavier than water, such as car 
bon disul?de and/or carbon tetrachloride or mixtures 
thereof, is dumped into the cavity.‘ The solvent will 
gravitate into the formation and be imbibed by the for 
mation displacing the oil toward producing wells com 
pleted lower in the formation. An aqueous ?uid such as 
water is introduced into the cavity to maintain a layer 
over the solvent. This prevents evaporation of the sol 
vent. Dump ?ooding is particularly useful where the 
formation is near to the surface of the earth where high 
injection pressures could result in breakthrough of in 
jected ?uids through the overburden to the surface. 
Near to the surface could include, for example, depths 
of 200 to 300 feet or more. 
A similar mining technique could also be used where 

the tar sands outcrop at the surface. A dam of earth, for 
example, could be constructed surrounding the out 
crop providing a recepticle for the injection of solvent 
and water. Production wells drilled down dip from the 
outcrop would withdraw the combined solvent-tar ex 
tract. 
As a rule of thumb so-called mining techniques are 

normally considered to be feasible where the ratio of 
the distance from the surface of the earth to the thick 
ness of the tar sand reservoir or pay is one or less. 

IN SITU RECOVERY TECHNIQUES 

For deeper formations other embodiments of our in 
vention involve having at least one production well and 
one injection well. The preferred con?guration is that 
the point of injection be far enough above the point of 
production‘ to allow a somewhat vertical traverse for 
fluids entering the reservoir through the injection well 
and being produced through the production well. A 
slug of solvent heavier than water, carbon disul?de, for 
'example, is introduced through the injection well fol~ 
lowed by a driving ?uid to push the solvent through the 
reservoir to the production well. 
A variation of this includes using one well having 

upper and lower perforation and which is internally 
equipped so as to avoid ?uid communication in the well 
between the upper and lower perforations. The heavy 
solvent is injected through the upper perforations and 
produced through the lower perforations along with pe 
troleum driven ahead of the solvent. If desired, the sol 
vent may be followed by a driving ?uid. 
The process of our invention may be illustrated by 

reference to the accompanying ?gure which depicts 
one embodiment of our invention. Other embodiments 
will, of course, occur to those having had the bene?t of 
the teachings contained herein. 
A reservoir containing a very viscous petroleum 10 

is penetrated by an injection well 11 and production 
wells 12 and 13, the injection well having communica 
tion with the reservoir through perforations 14 above 
the perforations 15 in the injection wells. The ?gure 
represents a point in time well into the recovery pro 
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6 
gram where a slug of carbon disul?de 16 has been in 
jected into the reservoir through the injection well fol 
lowed by carbon dioxide l7 which is presently being 
injected into the injection well. The‘petroleum 18 is 
moving towards the production well perforations where 
it is produced. The interface shown between the carbon 
disul?de slug l6 and the petroleum 18 or the carbon 
dioxide driving ?uid 17 is, of course, not as distinct as 
shown in this illustration. 

EXPERIMENTAL 
The superior performance'of a carbon disul?de slug 

in removing tar sand oil has been demonstrated in labo 
ratory experiments. A weighed quantity of tar sand was 
placed in a glass tube 1.5 inches in diameter above a 
glass wool ?lter to retain the-sand. Sufficient carbon di 
sul?de was introduced into the tube to completely satu 
rate and cover the tar sand. Water was then placed 
above the carbon disul?de-tar sand layer. The water 
formed a distinct layer above the carbon disul?de-tar 
sand system. The assembly was closed and shut-in over 
night. The next day a stopcock at the bottom of the as 
sembly was opened and all ?uid allowed to drain out 
into a graduate cylinder. A two phase system formed in 
the graduate cylinder: a lower phase consisting of car 
bon disul?de and dissolved tar sand oil, and an upper 
clear water phase. The water passed easily through the 
tar sand and was drawn off easily since the phase 
boundary was distinct. No emulsion formation was 
noted at the interface between the water and the car 
bon disul?de-tar sand oil mixture. Virtually ‘all of the 
tar and injected carbon disul?de were recovered from 
the original tube. 
The carbon disul?de extracted tar oil mixture was 

vacuum distilled. No frothing or foaming occurred dur 
ing the operation even though the solution actually 
boiled. All of the carbon disul?de was removed and 
only pure, heavy, viscous tar oil remained. 
We claim: 
1. A process for recovering petroleum from a reser 

voir comprising: 
a. introducing a slug of solvent for the petroleum into 
the reservoir which solvent has a density greater 
than water, 

b. introducing, following the solvent, a gaseous driv 
ing ?uid into the reservoir, to force the solvent 
through the reservoir wherein the interface be 
tween the solvent and the driving ?uid approaches 
a substantially horizontal position, and 

c. producing the petroleum and solvent at a point 
below the point of introduction of the solvent. 

2. A process as in claim 1 wherein the driving ?uid 
is a gaseous material selected from the group consisting 
of carbon dioxide or aliphatic hydrocarbons having 
from one to four carbon atoms. 

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

4. A process as in claim 3 wherein the solvent com 
prises carbon disul?de. 

5. A process as in claim 3 wherein the solvent com 
prises a chlorinated hydrocarbon. ' 

6. A process as in claim 3 wherein the solvent com 
prises a mixture of carbon disul?de and a chlorinated 
hydrocarbon. 

7. A process for recovering petroleum from a subter 
ranean reservoir wherein there is at least one injection 
well penetrating and in communication with the reser 
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voir and at least one production well penetrating and 
in communication with the reservoir at a point below 
the point of communication of the injection well which 
comprises: 

a. introducing a slug of solvent for the petroleum into 
the reservoir via the injection well which solvent 
has a density greater than water, 

b. introducing, following the solvent, a gaseous driv 
ing fluid into the reservoir, to force the solvent 
through the reservoir wherein the interface be- 10 
tween the solvent and the driving ?uid approaches 
a substantially horizontal position, and 

c. removing the petroleum and solvent through the 
production 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 
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8 
prises carbon disul?de. 

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 disul?de and a chlorinated 
hydrocarbon. 

12. A process for recovering petroleum from a reser 
voir comprising: 

a. introducing a slug of carbon disul?de into the res 
ervorr; 

b. introducing, following the carbon disul?de, a gase 
ous driving ?uid into the reservoir, to force the car 
bon disul?de through the reservoir, and 

c. producing petroleum at a point below the point of 
introduction of the carbon disul?de. 

* * * =|< * 


