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MISCIBLE DIS-PLACEMENT or PETROLEUM 

BACKGROUND OF THE INVENTION 

' 1. Field of the Invention 
This invention relates to a process for recovering pe 

troleurn 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 ?ooding, solvent for the petroleum is in 
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troduced into the reservoir and driven through the res- _ 
ervoir. Dissolution of the petroleumlby 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 ?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 miscibilityexists between the solvent 
and’the petroleum. Foreconornic 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 vand the petroleum through the res‘evoir. 

' In displacement processes in general, theide'al sought 
after is piston-like displacement. That is, thedisplacing 
?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 lessthan water. 
Problems have arisen with such processes, however. 

In a vertical miscible ?ood, for example, using a light 
hydrocarbon solvant 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, 
vthere are certain petroleum depositswhichare only 
partially soluable 'in the prior art solvents. One type of >55 
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 ofgthis type occurs in the Athabasca 
district of Alberta, Canada. In the tar sands in such de- 
posits, vthe oiltypically has a‘density approaching or 
even ‘greater than that of water. The Athabasca tar 
sands extend for many miles and occur in varying'thick- I " 
ness of up to more than 2100 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 1000 or more feet in depth. The 
tar sands located at these depths constitute one of the 
worlds largest presently known petroleum deposits. In 
these sands, the oil content ranges between about 110 
and 20 percent by weight, although sands with lesser or 
greater amounts of oil content are not unusual. Addi 
tionally, 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 
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 centripoises. At 
higher temperatures, such as temperatures above about 
200° F. this oil becomes mobile, with visco'si'ties 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 recovering petroleum 
from a reservoir by miscible displacement. A solvent 
more densethan water is introduced into a petroleum 
reservoir in the vapor state or is vaporized within the 
reservoir by the heated driving ?uid and is driven in a 
substantially horizontal manner toward a production 
point by a driving ?uid. The solvent cools as it proceeds 
through the reservoir and a condensing front of solvent 
forms ahead of the solvent in the “vapor state. As the 
condensed solvent front reaches the production point 
the solvent injection is stopped and injection of the 
driving ?uid continued. - - ' 

BRIEF DESCRIPTION OFETHE DRAWINGS 
FIG. 1 depicts the beginning of vaporizedsolvent in 

jection into a reservoir. " I ' ' 

FIG. 2 depicts an intermediate point in the-solvent 
injection program’. ' ' Y ' . 

FIG. 3 depicts the conditions when the solvent 
reaches the production well. 

DESCRIPTION or THE PREFERRED 
EMBODIMENTS ' 

This invention is an improvement'in the displacement 
‘of heavy oil, such as tar "sand oil. The improvement 
comprises a'horizontal ‘miscible ?ood with ‘a-‘solvent for 
petroleum having a density greater than an aqueous 
?uid and preferably 'a viscosity ‘less than an ‘aqueous 
?uid. A ?uid having a vapor pressure less than the "sol 
vent is injected concurrent with or ‘following the sol 
vent. Aqueous ?uid, as used herein, denotes water and 
water ‘solutions such as brine. The terms water or'aque 
ous ?uid may also include water thickened with poly 
mers or other chemicals. 

7 Although aqueous ?uids ‘such as water are the “pre 
ferred ?uids for displacing the solvent through the res 
ervoir, any ?uid having favorable properties ‘may be 
used. The displacing ?uid must beli'ghter than the sol 
vent and preferably more viscous. The ~?uid should also 
be substantially unreactive with the solvent‘a'nd immis 
cible'with the solvent. 
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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 miscible with the petroleum so that the inter~ 
face 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 
the aqueous driving ?uid 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 solventsand 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 halongenated 
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 
sulfide 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 
lific 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 it 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 a 
chlorinated hydrocarbon. These materials should also 
be easily removed from dissolved'tar sand oil by physi 
cal separation techniques such as vacuum distillation. 

The invention may be more clearly understood by re 
ferring to the attached figures which depict a typical 
embodiment of the process. This embodiment is of 
fered by 'way of example only and is not intended to 
limit the scope of our invention. Variations of tech 
niques to produce substantially the same results will be 
obvious to those skilled in the art after reference to the 
teachings herein. ' 

Referring to FIG. 1, carbon disul?de vapor 14 has 
been injected via well 11 into a petroleum~bearing res 
ervoir 13. An aqueous ?uid 15 hot enough to vaporize 
carbon disul?de has also been injected into the reser 
voir 13 via well 11. As the carbon disulfide vapor pro 
gresses farther from well 11 its temperature becomes 
lower and it condenses into a liquid phase 16 and mi 
grates to the bottom of the reservoir due to its density. 
The water is then forced to partially override this con 
densed carbon disulfide as shown. FIGS. 2 and 3 depict 
the process of our invention in later stages. The carbon 
disul?de vapor continues to condense and form a larger 
and longer liquid front. The vaporized carbon disul?de 
invades the entire upper section of the reservoir while 
the condensed carbon disul?de invades the lower sec 
tion of the formation. In FIG. 3 the liquid carbon disul 
fide front has reached the production well 12. Carbon 
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4 
disul?de injection into well 11 may be terminated while 
hot water injection continues until all carbon disul?de 
is converted to vapor. Water injection may then be ter 
minated and the reservoir produced by pressure deple 
tion. 

An alternate procedure to the above may be used 
which would eliminate vaporizing the solvent before 
injection. Liquid carbon disul?de is injected and in 
vades the lower vertical section of the formation. 
Water hot enough to vaporize the liquid carbon disul 
?de in the formation is injected and ?ows toward the 
production well over the liquid carbon disul?de. The 
carbon disul?de is thus heated and vaporized. The va~ 
porized carbon disul?de ?ows upward through the 
.water zone and segregates above the water. This pro 
vides excellent mixing of the hot gaseous‘ solvent, hot 
water, and reservoir oil. The overall efficiency is in 
creased. As the carbon disul?de vapor ?ows horizon 
tally it is cooled, condenses and ?ows downward to oc 
cupy the lowermost section of the reservoir. The pro 
cess then proceeds substantially as in the ?rst described 
embodiment. 
Many variations are possible without departing from 

the scope of our invention. For example, steam instead 
of water may be used and alternate slugs of solvent and 
hot water and/or steam will provide excellent results. 

It is known that at certain extreme conditions carbon 
disul?de will react with steam. For example, at 700° C. 
steam reacts with carbon disul?de vapor but at 200° C. 
no reaction occurs. At 210° C. and 300 psig in the pres 
ence of an alumina-silica catalyst reaction occured in 
the vapor state. However, at 100° C. no reaction oc 
cured between liquid re?uxing water and vaporized 
carbon disul?de. Therefore, when using steam at high 
temperatures the possibility of reaction between car 
bon disul?de is present. To avoid this reaction it is pre 
ferred to use a liquid aqueous ?uid with carbon disul 
?de or use another solvent such as the chlorinated hy 
drocarbons if steam is used. No reaction occurs be 
tween the chlorinatéd hydrocarbons and water or 
steam. , 4 . ' 

The process of this invention is operable in a variety 
of petroleum reservoirs containing petroleum of widely 
differing gravities. 'On'e preferred embodiment, how 
ever, is to recover tar sand oil using a solvent compris 
ing a major amount of carbon disul?de. A particularly 
preferred embodiment is the recovery of tar sand oil 
using a solvent slug comprising a major amount of car 
bon disul?de followed by an aqueous driving ?uid. As 
pointed out previously, it is a characteristic of the bitu 
men constituents of tar sand oil or petroleum that they 
are soluble in carbon disul?de and less soluble or insol 
uble 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 phases. The phases separate into 
distinct layers easily separable from each other. This 
feature is advantageous for many reasons. For example, 
emulsi?cation within the formation could lead to a re 
duction in permeability due to what is commonly 
known as “emulsion blockage."The lack of emulsi?ca 
tion when carbon disul?de is used prevents this prob 
lem from occuring. Also, emulsi?cation could destroy 
piston-like displacement. Another advantage of the 
lack of emulsion forming tendency between carbon di 
sul?de and water occurs when the solvent, bitumen and 
water are produced and separation of the carbon sul 
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fide is desired. Emulsion formation would distinctly 
hamper these operations. 
We claim: 
1. A method for recovering petroleum from a reser 

voir having at least one injection well and one produc 
tion well penetrating and in communication with the 
reservoir comprising: 
forcing carbon CllSUlfldC substantially horizontally 
through the reservoir with a driving ?uid from the 
injection well to the production well wherein the 
carbon disulfide is injected in a vaporized state and 
condensation of the carbon disul?de takes place 
before it reaches the production well. 

2. The method of claim 1 wherein the driving ?uid is 
an aqueous ?uid. 

3. The method of claim 2 wherein the aqueous ?uid 
is a liquid. 

.4. A method for recovering petroleum from a reser 
voir having at least one injection well and one produc 
tion well penetrating and in communication with the 
reservoir in a substantially horizontal plane wherein 
carbon disul?de is injected into the reservoir and the 
reservoir conditions are such that the carbon disul?de 
would be rendered a liquid at these conditions compris 
mg: 

a. injecting the carbon disulfide into the injection 
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well in a vaporized state, and 

b. concurrently injecting with the carbon disul?de a 
?uid having a vapor pressure lower than carbon di 
sul?de. 

5. The method of claim 4 wherein the driving ?uid is 
an aqueous ?uid. 

6. The method of claim 5 wherein the aqueous ?uid 
is a liquid. 

7. A method for recovering petroleum from a reser 
voir having at least one injection well and one produc 
tion well penetrating and in communication with the 
reservoir comprising: 
forcing carbon disul?de substantially horizontally 
through the reservoir with a driving ?uid wherein 
the carbon disul?de is injected in a liquid state and 
the driving ?uid is at such a temperature that the 
carbon disul?de will be vaporized in the reservoir. 

8. A method as in claim 7 wherein the driving ?uid 
is an aqueous ?uid at a temperature such that essen 
tially no reaction takes place between the carbon disul 
?de and the aqueous ?uid. 

9. A method as in claim 8 wherein the aqueous ?uid 
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