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PETROLEUM PRODUCTION TECHNIQUE 

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 inefficient. The 
inefficiency of these displacement processes is partly 
due to the retentive forces of capillarity and interfacial 
tension. Miscible ?ooding provides a method for effi 
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 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 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 they reser 
voir. Moreover, most miscible solvent injection meth 
ods have heretofore involved only 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, de 
stroying piston-like displacement and resulting in pre 
mature breakthrough of the displacing medium water. 
In horizontal miscible ?ooding the light hydrocarbon 
solvents will ‘tend to override the petroleum in the res 
ervoir and leave much of it unrecovered, 

SUMMARY OF THE INVENTION 

The invention is a throughput method for the misci 
ble displacement of petroleum from a subterranean res 
ervoir involving at least one injection point high in the 
reservoir and at least one injection point low in the res 
ervoir. A petroleum solvent more dense than water is 
injected into the injection point high in the reservoir 
followed by a driving ?uid. A petroleum solvent less 
dense than water is injected into the injection point low 
in the reservoir followed by a driving ?uid. The two sol 
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vent slugs are driven through the reservoir forcing pe 
troleum to a production well where it is produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a hydrocarbon reservoir penetrated by 
an injection well and a production well at the beginning 
of a ?ood. 
FIG. 2 shows the same wells at an intermediate point 

of the ?ood. 
FIG. 3 shows the same wells near the end of the 

?ood. ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The method of our invention may be best understood 
by referring to the following ?gures which depict a typi 
cal embodiment of the invention. 

FIG. 1 shows a hydrocarbon reservoir 10 penetrated 
by an injection well 11 and a production well 12. Injec 
tion well 11 has upper perforations l3 and lower perfo 
rations 14. Well 11 equipped with conventional equip- . 
ment which prevents ?uid communication between ?u 
ids in the annulus l5 and the tubing 16. Well 12 has at 
least one set of perforations 17. A ?uid 18 more dense 
and preferably of lower viscosity than water is injected 
into the reservoir 10 through the upper perforations 13 
via annulus 15 of well 11. A ?uid 19 less dense and 
preferably of lower viscosity than water is injected into 
reservoir 10 through the lower perforations 14 via the 
tubing 16 of well 11. The ?uid 18 tends to ?ow down~ 
ward in the reservoir while the ?uid 19 tends to rise in 
the reservoir. An aqueous ?uid injected into both 
upper and lower perforations following the solvents dis 
places the solvent heavier than water 18 downward and 
the solvent lighter than water 19 upward as the ?uids 
?ow horizontally toward the producing well 12. Aque 
ous ?uid displacement of the solvents is very efficient 
due to the favorable‘ viscosity contrast, water viscosity 
being higher than either solvent viscosity. 
FIG. 2 shows the relative position of the solvent slugs 

after solvent injection has been terminated and an 
aqueous ?uid has been injected for a short period of 
time. The aqueous ?uid 20 is now forming a bank be 
hind the solvents and is drivingthe solvents in a vertical 
slug through the reservoir. 
As the solvent slug migrates through the reservoir the 

two solvents become mixed with each other due to den 
sity differences. This is depicted in FIG. 3. 
A particularly preferred embodiment of our inven 

tion is to design the solvent slugs so that a mixture of 
the solvents will have a density substantially equal to 
water. Thus, with no density difference between the 
solvent mixture and the displacing water, no segrega 
tion will occur, the slug retainsits identity and the pe 
troleum displacement approaches a piston-like con?g 
uration. ' g 

The above description is only typical, and many vari 
ations will be obvious to one skilled in the art after ref 
erence to the teachings contained herein. For example, 
injection of the two solvents in different wells may pro 
vide substantially the same advantage of injection of 
both solvents in the same well. The character of the res 
ervoir and location of the wells will enable one skilled 
in the art to choose a configuration that will most likely 
provide optimum performance. 
The solvents for use in our invention are of two gen 

eral types, more dense than water and less dense than 
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water. Those which are more dense than water should 
ideally also be substantially chemically inert to water 
and have solubility characteristics whichenable them 
to dissolve adequate amounts of petroleum. It is pre 
ferred that the more dense solvent have a viscosity less 
than water. Ideally, the solvent should be completely 
miscible with the petroleum so that the interface be 
tween the leading edge of the solvent and the petro 
leum 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. 

In certain applications carbon disul?de is the pre 
ferred heavier than water 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 apprecia 
ble extend in carbon disul?de. Also, where the recov 
ered crude is to be catalytically treated in a re?nery, for 
example, carbon disul?de is preferred. lt is a character 
istic of covalently bonded halogens such as those found 
in halogenated hydrocarbons that they tend to poison 
some re?nery catalysts. Carbon disulfide 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 di 
sul?de. Carbon disul?de may also have a great eco 
nomic advantage over halogenated hydrocarbons since 
it may be manufactured by the reaction between coke 
(carbon) and sulfur which are often found in excess 
near petroleum-producing areas. 

It is also within the scope of our invention to use as 
the heavy solvent a blend of carbon disul?de with an 
other component, mutually soluble in carbon disul?de 
such as a chlorinated hydrocarbon. These materials 
should also be easily removed from recovered oil by 
physical separation techniques such as vacuum distilla 
tion. 
The solvent less dense than water to be used in our 

invention includes any aromatic or aliphatic hydrocar 
bon which will solubilize partially or completely the 
crude petroleum to be recovered. Examples of suitable 
solvents include light crude oil and partially re?ned 
fractions thereof, e.g., side cuts from fractionating col 
umns, gas oils, kerosene, naphthas, straight-run gaso 
line, and liqui?ed petroleum gases. Pure components of 
any of the above are also suitable, for example, toluene, 
xylene, and benzene. ‘ ‘ 

The size of solvent slug to be used will depend on the 
solvents chosen and the degree of recovery desired. 
The degree of recovery desired is a matter of econom 
ics and may be determined by those skilled in the art 
without engaging in inventive effort. As an aid in deter 
mining the size of slug needed the following procedure 
may be used but is not intended to limit the scope of 
our invention or tie it to any routine calculation proce 
dure. The size of a slug of petroleum solvent, for exam 
ple, may be calculated by a formula such as: 

amount of‘crude 
per acre-foot of 
formation 
degree of depletion 
desired (decimal) 

Solubility of crude 
in solvent mixture 

acre-feet 
in formation X 
= amount of solvent required 
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4 
Routine laboratory experimentation may be used to de 
termine the solubility of a given crude petroleum in the 
solvents used and core analysis will yield information 
on the amount of crude per acre foot of formation. 
Thus, the size of solvent slug for any ?eld may be deter 
mined. 
The driving ?uid for use in our invention may be gas 

eous or liquid. For example, gases including light hy 
drocarbons and carbon dioxide may be used for the 
process of our invention. Aqueous ?uids are particu 
larly preferred driving ?uids in the process of our in 
vention. Water, brine and thickened aqueous ?uids are 
all suitable aqueous ?uids for the process of our inven 
tion. 
We claim: 
1. A method for producingpetroleum from a subter 

ranean reservoir which comprises: 
injecting a slug of petroleum solvent more dense than 
water into the upper portion of the reservoir fol 
lowed by a driving ?uid, 

injecting a slug of petroleum solvent less dense than 
water into the lower portion of the reservoir fol 
lowed by a driving ?uid and 

driving these solvents through the reservoir toward a 
production point where petroleum is produced. 

2. A method as in claim 1 wherein the solvent more 
dense than water comprises carbon disul?de. ' 

3. A method as in claim 1 wherein the solvent more 
dense than water comprises chlorinated hydrocarbons. 

4. A method as in claim 1 wherein the solvent more 
dense than water comprises mixtures of carbon disul 
tide and chlorinated hydrocarbons. 

5. A method for producing petroleum from a subter 
ranean reservoir which comprises: 

injecting a slug of petroleum solvent more dense than 
water into the upper portion of the reservoir fol 
lowed by an aqueous driving ?uid, I 

injecting a slug of petroleum solvent less dense than 
water into the lower portion of the reservoir fol 
lowed by an-aqueous ?uid and 

forcing these solvents through the reservoir with an 
aqueous driving ?uid toward a production point 
where petroleum is produced. 

6. A method as in claim 5 wherein the solvent more 
dense than water comprises carbon disul?de. 

7. A method as in claim 5 wherein the solvent more 
dense than water comprises chlorinated hydrocarbons. 

8. A method as in claim 5 wherein the solvent more 
dense than water comprises mixtures of carbon disul 
fide and chlorinated hydrocarbons. 

9. A method as in claim 5 wherein the solvent slugs, 
if blended, would have a density about equal to the 
aqueous driving ?uid. 

10. A method for producing petroleum from a sub 
terranean reservoir which comprises: 
simultaneously injecting a slug of petroleum solvent 
more dense than water into the upper portion of 
the reservoir and a slug of petroleum solvent less 
dense than water into the lower portion of the res 
ervoir, both solvent slugs followed by a driving 
?uid and 

driving these solvent slugs through the reservoir to 
ward a production point where petroleum is pro 
duced. 

11. A method as in claim 10 wherein the solvent 
more dense than water is selected from the group con 
sisting of carbon disul?de and chlorinated hydrocar 
bons and the driving ?uids are aqueous ?uids. 
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