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METHOD FOR RECOVERING PETROLEUM FROM 
VISCOUS PETROLEUM CONTAINING 
FORMATIONS INCLUDING TAR SANDS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains to an oil recovery method, 

and more speci?cally to a method for recovering oil or 
petroleum from a subterranean viscous petroleum con’ 
taining formation such as a tar sand deposit. 

2. Description of the Prior Art 
There are known to exist throughout the world many 

subterranean petroleum containing formations from 
which the petroleum cannot be recovered by conven 
tional means because of the relatively high viscosity 
thereof. The best known of such viscous petroleum 
containing formations are the so-called tar sands or bi 
tuminous sand deposits. The largest and most famous 
such deposit is in the Athabasca area in the northeast 
ern part of the province of Alberta, Canada, which is 
known to contain over 700 billion barrels of petroleum. 
Other extensive deposits are known to exist in the west 
ern part of the United States, and Venezuela, and lesser 
deposits in Europe and Asia. _ 
Tar sands are frequently de?ned as sand saturated 

with a highly viscous crude‘ petroleum material not re 
coverable in its natural state through a well by ordinary 
production methods. The hydrocarbon contained in tar 
sand deposits are generally highly bituminous in char 
acter. The tar sand deposits are generally arranged as 
follows. Fine quartz sand is coated with a layer of water 
and the bituminous material occupies most of the void 
space around the wetted sand grains. The balance of 
the void volume may be ?lled with connate water, and 
occasionally a small volume of gas which is usually air 
or methane. The sand grains are packed to a void vol 
ume of about 35%, which corresponds to about 83% by 
weight sand. The balance of the material is bitumen 
and water. The sum of bitumen and water will almost 
always equal about 17% by weight, with the bitumen 
portion varying from around 2% to around 16%. 

It is an unusual characteristic of tar sand‘deposits that 
the sand grains are not in any sense consolidated, that 
is to say the sand is essentially suspended in the solid 
or nearly solid hydrocarbon material. The API gravity 
of the bitumen usually ranges from about 6 to about 8, 
and the speci?c gravity at 60°F. is from about 1.006 to 
about 1.027. Approximately 50% of the bitumen is dis 
tillable without cracking, and the sulfur content aver 
ages between 4 and 5% by weight. The bitumen is also 
very viscous, ‘and so even if it is recoverable by an in 
situ separation technique, some on-site re?ning of the 
produced petroleum must be undertaken in order to 
convert it to a pumpable ?uid. 
Bitumen may be recovered from tar sand deposits by 

mining or by in situ processes. Most of the recovery to 
date has been by means of mining, although this is lim 
ited to instances where the ratio of the overburden 
thickness to tar sand deposit thickness is economically 
suitable, generally de?ned as one or less. In situ pro 
cesses have been proposed which may be categorized 
as thermal, such as ?re ?ooding or steam injection, and 
steam plus emulsi?cation drive processes. Generation 
of thermal heat necessary to mobilize the bitumen by 
means of a subterranean atomic explosion has been se 
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2 
riously considered, although has not yet been at 
tempted. . 

Despite the many proposed methods for recovering 
bitumen from tar sand deposits, there has still been no 
successful exploitation of such deposits by in situ pro 
cessing on a commercial scale up to the present time. 
Accordingly, in view of the lack of commercial success 
of any of the methods proposed to date, and especially 
in view of the enormous reserves present in this form 
which are needed to help satisfy present energy needs, 
there is a substantial need for a satisfactory method for 
recovery of bitumen from tar sand deposits. 

BRIEF DESCRIPTION OF THE DRAWING 

i The attached drawing illustrates in cross sectional 
view a tar sand deposit being subjected to in situ recov 
ery of bitumen therefrom by the method of our inven 
tion. 

SUMMARY OF THE INVENTION 

We have discovered, and this constitutes our inven 
tion, that viscous petroleum may be recovered from 
subterranean, viscous petroleum containing formations 
by a method employing a volatile: solvent such as car 
bon disul?de or toluene under conditions which will 
maintain the solvent within the oil recovery reservoir 
during most of the recovery time, so that it will re?ux 
up into the reservoir and solubilize viscous petroleum, 
losing heat and condensing, and thereafter‘ moving 
down into a ?ow‘ path containing a heated ?uid moving 
horizontally through the formation. The process . re 
quires that a communication path for ?uid ?ow be es_ 
tablished deep in the formation by means such as by hy 
draulic fracturing and propping with a coarse permea 
ble material, after which a heated ?uid is injected into 
the communication path to heat the path at least a sub 
stantial distance away from the injection‘well to a tem 
perature in excess of the boiling point of the volatile 
solvent to be used, followed by injection of the solvent 
into the reservoir via the heated communication path. 
The solvent will be vaporized and will move up into the 
formation, dissolving petroleum and losing heat as it 
goes. The liqui?ed solvent with petroleum or‘ bitumen 
dissolved therein will then ?ow down into the lower 
part of the formation to the previously established, 
heated communication path, where it will contact the 
heated ?uid being injected through the formation via 
this path. The bitumen will be transferred to this mov 
ing heated fluid, and the volatile solvent will be revapo 
rized and move back up into the formation to solubilize 
additional petroleum. The injected heated ?uid may be 
aqueous such as hot water or steam or may be a non 
aqueous, low volatility solvent such as aromatic hydro 
carbons such as toluene and xylene and aliphatic hy 
drocarbons having from three to seven carbon atoms. 
Steam traps may be installed on the production well 
near the perforations establishing ?uid ?ow communi~ 
cation with the ?ow path of the formations so as to in 
sure that no vaporized solvent or other gaseous mate 
rial leaves. the formation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

l. The Process v 

The process of our invention may best be understood 
by reference to the ?gure, illustrating how a subterra 
nean formation may be exploited according to our in 
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vention. For example, a tar sand deposit 1 is located 
too deep for strip mining and the petroleum contained 
therein is highly bituminous in character and much too 
viscous to permit recovery thereof through wells drilled 
into the formation by normal means. An injection well 
2 is drilled to the formation and ?uid communication 
between the well and the formation is established deep 
into the formation by means of perforations 3. A pro 
duction well 4 is also drilled into the formation, and 
?uid ?ow communication means are similarly estab 
lished deep in the formation by means of perforations 
5. ~ 

The ?rst step of our process requires that a communi 
cation path 6 be established as low as possible in the 
formation. The ideal communication path is an essen 
tially horizontal, pancake shaped zone of high permea 
bility at the very bottom of the tar sand or petroleum 
reservoir. This is not always possible to achieve, how 
ever, and this idealized communication zone is not ab 
solutely essential for the successful implementation of 
our process. 

It is sometimes discovered that there is a water satu 
rated zone in the very bottom of the petroleum reser 
voir, and this may be utilized successfully to establish 
the ?uid communication path in accordance with our 
process. The water saturated zone may be opened up 
by injecting into the zone a heated ?uid such as steam, 
which will channel preferentially through this water 
saturated zone to the production well 4. Any asphaltic 
or other hydrocarbon materials present in the water 
saturated zone will be dissolved, and the permeability 
will be opened up considerably thereby. 
Generally, it will be necessary to convert a substan 

tially hydrocarbon saturated zone in the base of the res 
ervoir to a high permeability, communication path by 
some other means such as hydraulic fracturing. Hy 
draulic fracturing is a well known technique for estab 
lishing a communication path between an injection well 
and a production well, and by injecting the fracturing 
?uid low in the reservoir it is possible to position the 
fracture essentially at the bottom of the oil ?lled zone. 
It is not essential that the fracture planes be horizon 
tally oriented, although it is of course preferable that 
they be. This cannot be counted on, however, since 
there is evidence that hydraulic fractures at the deeper 
horizons are predominantly vertical rather than hori 
zontal. 

In any event, a communication path of some sort will 
be created, generally con?ned to the lower portion of 
the petroleum reservoir. After the fracture has been es 
tablished, and without diminishing the fracture pres 
sure, a propping agent must be injected into the frac 
ture in order to prevent healing of the fracture which 
woulddestroy its usefulness for ?uid ?ow communica 
tion purposes. Gravel and sand or mixtures thereof are 
successfully employed for propping agents, and it is de 
sirable in the instance of tar sand deposits that a wide 
variation of particle sizes be employed to avoid ?owing 
of the tar sand materials back into the propped fracture 
zone. 

The next step in the employment of our process re 
quires that this previously created communication zone 
be heated to a fairly high temperature a substantial dis 
tance away from the injection well, ideally extending 
throughout the formation to the production well. Ordi 
narily it will be satisfactory to monitor the temperature 
of the ?uids being produced at the production well as 
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4 
a method of determining when the heating has ex 
tended the desired distance through the previously cre 
ated communication path. The minimum temperature 
to which the path must be heated will be determined by 
the particular volatile solvent chosen for use, which will 
be described in greater detail hereinafter. Ordinarily it 
will be possible to achieve the desired heating effect by 
continually injecting the heated ?uid into the injection 
well and producing the injected ?uid at the production 
well, noting the temperature of the produced ?uid and 
continuing this operation until the produced ?uid itself 
indicates the communication path has been heated in 
its entirety from the injection well to the production 
well. Sometimes it is necessary to reverse the ?ow, with 
the injected ?uid being injected into the well which was 
originally the production well, and recovering the ?uid 
from the original injection well, as a means of insuring 
that the communication path in the vicinity of the in 
jection well is heated to the preselected temperature. 

The heating ?uid itself will be discussed in greater de 
tail hereinafter, although it is sufficient here to say that 
a wide variety of ?uids may be advantageously em 
ployed for this purpose. Steam or hot water may be uti 
lized, or a nonaqueous ?uid having a volatility substan 
tially less than the volatile solvent to be utilized may 
also serve as the heating ?uid. 
After the communication path has been heated to the 

desired level, a quantity of the volatile solvent is in 
jected into the communication path. The same injec 
tion well and equipment will be utilized for this pur 
pose, and it should be understood that our process does 
not contemplate the continuous injection of the volatile 
solvent into one well and production thereof from the 
production well. A quantity of solvent, usually from 
about 0.01 to 0.20 pore volumes being adequate, will 
be injected and will remain in the formation throughout 
the continuation of our recovery operation, Since the 
solvent is highly volatile, it will be vaporized immedi 
ately ‘ upon entering the preheated communication 
path, and then in the gaseous form it will move upward 
into the petroleum saturated zone. AS the solvent 
moves up into the zone, it is absorbed into the petro 
leum or bitumen contained therein, and also loses heat 
as it moves up into the cooler portions of the formation. 
Since the heating operation is con?ned to the previ 
ously established communication zone, there will be 
substantial temperature gradient between the bottom 
and top of the formation. The solvent will eventually 
condense to its liquid form, and then will begin moving 
back down toward the zone because of its higher den 
sity. The liquid solvent will carry bitumen dissolved 
therein with it, and by this method the bitumen is car 
ried down into the heated communication path. 
Once the mixture of liquid solvent and bitumen 

moves down to the heated communication path, the bi 
'tumen is transferred from the solvent to the heating 
?uid which is being continually passed through this 
communication path. The volatile solvent is immedi 
ately revaporized, and begins to move back up into the 
petroleum saturated formation. The result is the cre 
ation of a solvent action zone the upper limits of which 
are de?ned by line 7 in the ?gure, and the bottom of 
which is de?ned by the heated communication path. 
The solvent action zone de?ned by line 7 will initially 
be quite small, but will continually grow until it has ulti 
mately encompassed the entire formation above the 
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communication zone and between the injection and 
production well. The volatile solvent will never leave 
the formation during the course of the production op 
eration, since the ?uid communication zone 6 is heated 
to a temperature in excess of the boiling point of the 
solvent all the way to the perforations 5 and production 
well 4. Thus, even in the area immediately adjacent to 
the production well, the solvent can exist only in a 
vapor phase. Since the production well 4 is provided 
with steam traps, no vapor is permitted to ?ow to the 
surface through well 4, so the solvent will necessarily 
remain in the formation. This is an especially attractive 
feature where an expensive solvent or a solvent having 
serious ?ammability or other hazardous characteristics 
is utilized. 
After all of the volatile solvent has been injected, the 

heated ?uid is continually injected into the injection 
well 2 and continuous to pass through the communica 
tion zone 6 to production well 4 to where it is produced 
to the surface. Separation of produced petroleum from 
the heating ?uid is accomplished on the surface, and it 
will generally be preferable to recycle the heating ?uid 
through the formation in order to reduce the total vol 
ume of ?uid needed. This is still true in the instance of 
utilizing steam or hot water as the heating ?uid, since 
the quantity of ?uid to be disposed of will be reduced 
substantially by the recycling process. 
After the formation has been essentially depleted of 

petroleum or bitumen, it will generally be desirable to 
recover the volatile solvent for reuse. This may be ac 
complished by injecting water into the production well 
to displace the solvent toward the production well. It is 
desirable in this phase to utilize cold water, in order to 
cool the communication path and cause condensation 
of the volatile solvent to facilitate its recovery. The pro 
duced ?uid in this ?nal phase will comprise water or 
other inexpensive displacing ?uid and the volatile sol 
vent, which can be separated on the surface for reuse 
of the solvent in another area. 

In full scale operations, the heating phase need not be 
a separate step preceding the volatile solvent injection 
phase. It will be satisfactory to inject solvent and heat‘ 
ing ?uid simultaneously into the communication path, 
and inject only heating ?uid after the desired quantity 
of solvent has been injected. 
II. The Heating Fluid 
The heating ?uid which is injected into the communi 

cation path during the second and third parts of the 
process may be either aqueous or nonaqueous, and its 
choice will depend in part on the particular characteris 
tics of the formation in which the process is to be ap 
plied, and to some‘extent may be in?uenced by the vol 
atile solvent to be utilized. Ordinarily, 'hot water or 
steam will be the preferable heating ?uid, because of 
their low cost and wide spread availability. Although 
steam is a very satisfactory ?uid for use in certain in 
stances, there are circumstances which sometimes 
make hot water the preferable heating ?uid. For exam 
ple, when it is desired to use carbon disul?de as the vol 
atile solvent, there is a possibility of a vapor pahse reac 
tion between carbon disul?de and water vapor at 
higher temperatures, especially from 200°C. up de 
pending on the nature of the mineral constituents of the 
formation which may serve as a catalyst for the reac 
tion. The particular reaction which carbon disul?de un 
dergoes in the presence of water vapor at high tempera 
tures, and especially in the presence of a catalyst, de 
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pends in part on the nature of the catalyst present and 
on the temperature to which the materials are sub 
jected. In the range of from about 200° to about 
500°C, carbon disul?de and water react to form hydro 
gen sulfide and carbon dioxide, and the reaction tends 
to be fairly quantitative in the higher portions of the 
specified range. Below about 200°C. there is a reaction 
between carbon disul?de and water vapor to form car 
bonyl sul?de, COS. Accordingly, it is preferable to 
keep the steam temperature below about 200°C., and 
the best results are obtained in the use of hot water 
rather than steam vapor. The formation of carbonyl 
sul?de is not harmful to the reaction nor dangerous to 
personnel present in the vicinity of the production op 
erations, since carbonyl sulfide boils at approximately 
minus 50°C. compared to the plus 46°C. boiling point 
for carbon disul?de. Accordingly, any carbonyl sul?de 
produced will certainly remain in the formation rather 
than being produced to the surface of the earth. Never 
theless, carbon‘ disul?de is consumed by the reaction 
and since the reaction is irreversible, a loss of solvent 
.will result from the reaction. For this reason the reac 
tion should be avoided. One method of avoiding the re 
action, for example, is to operate under conditions of 
temperature and pressure of the injected heating ?uid 
so as to insure that it remains in the liquid phase, since 
the reaction only occurs in vapor phase situations. Ac_ 
cordingly, one preferred embodiment employs carbon 
disul?de as the volatile solvent and hot water as the 
heating ?uid. In very viscous materials, it may be desir 
able to incorporate in the injected hot water a small 
amount of caustic in order to form an emulsion in the 
bottom zone with very viscous petroleum which would 
not otherwise be recoverable by the thermal effects of 
hot water alone. Surfactant materials such as polyphos 
phates or petroleum sulfonates may also be included in 
the hot water. ‘ 

Another means for using carbon disul?de so as to 
avoid the formation of the above described reaction is 
to utilize a nonaqueous ?uid, preferably a ?uid which 
is an effective solvent for petroleum or bitumen and 
which as a boiling point substantially higher than car 
bon disul?de. For example, toluene has a boiling point 
of ll0.8°C.‘ and benzene has a boiling point of 80°C. 
Either material or a mixture thereof would be a satis 
factory heating ?uid, and it would be possible to main 
tain the temperature of the injected ?uid at a few de 
grees below its boiling point to insure that the injected 
?uid will remain in the liquid state, and that it will heat 
the formation to a temperature sufficiently higher than 
the volatile solvent so that the solvating, re?uxing ac 
tion described in the process section of this speci?ca 
tion will take place. Accordingly, another preferred 
embodiment of our invention utilizes an aromatic sol 
vent such as benzene, toluene or a mixture thereof as 
the heating ?uid, which can be utilized to heat the pre 
viously created communication path to a temperature‘ 
close to its boiling point. After the heating phase is 
completed, carbon disul?de is utilized as the volatile 
solvent, and it will vaporize, dissolve tar, condense and 
move back down into the communication path where 
the tar can be transported to the production well by the 
injected heating ?uid. This is an especially attractive 
feature for a very viscous petroleum such as bitumen 
obtained in tar sand, since the heated aromatic ?uid is 
an excellent solvent for bitumen. 
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Aliphatic hydrocarbons may also be utilized as the 
heating ?uid, so long as their boiling point is suffi 
ciently higher than the volatile solvent utilized to insure 
that the volatile solvent will remain vaporized even in 
the vicinity of the production well. In the instance of 
using carbon disul?de as the volatile solvent, aliphatic 
hydrocarbons having seven or more carbon atoms will 
be satisfactory. For example, the boiling points of the 
various heptane isomers varies from 79 to 98°C., which 
is sufficiently higher than the boiling point of carbon 
disul?de, (46.3°C.) to permit the use of liquid heptane 
or higher molecular weight aliphatic hydrocarbons 
heated to a temperature slightly below their boiling 
point as the heating ?uid, which will maintain the com 
munication path temperature above the boiling point of 
carbon disul?de. 
Mixtures of aliphatic and aromatic hydrocarbons 

may also be utilized as the heating ?uid, so long as the 
boiling point of the mixture is substantially higher than 
the boiling point of the volatile solvent employed in our 
process. ‘ 

III. The Volatile Solvent 
As described previously, carbon disul?de is an espe 

cially preferred choice for the volatile solvent for use 
in the process of our invention. Carbon disul?de has a 
boiling point of 463°C, and is an excellent solvent for 
the asphaltic materials present in many viscous crudes, 
especially bituminous materials such as tar sands. In 
order to achieve the optimum performance of our in 
vention, it is desirable that the volatile solvent have a 
volatility such that it will be vaporized in the heated 
communication zone, but will condense in the upper 
portion of the reservoir at ambient formation tempera 
tures. For example, if one attempted to utilize methane 
as the volatile solvent in our process, it would vaporize 
but would not condense in the upper portion of the res 
ervoir, and so would not dissolve bitumen and transport 
it down into the communication path. Accordingly, the 
ideal solvent for use in our process has a boiling point 
substantially below the temperature of the heated com 
munication path, but which is higher than the natural 
temperature of the formation. 
Aromatic solvents such as toluene and benzene may 

also be utilized as the volatile solvent, although obvi 
ously they cannot serve both as the volatile solvent and 
as the heating ?uid described in Section II. If it is de 
sired to utilize benzene, for example, as the volatile sol 
vent, benzene having a boiling point of 801°C, it will 
be necessary to use this in combination with a heating 
?uid which has a boiling point at least 10 to 15° higher. 
For example, hot water or steam may be utilized as the 
heating ?uid. Accordingly, another preferred embodi-. 
ment of our invention utilizes steam or hot water as the 
heating ?uid and benzene as the volatile solvent. 
Certain aliphatic hydrocarbons may also be utilized, 

although it is necessary to chose them carefully so as to“ 
have a material which can be vaporized in the commu 
nication path and which will condense to a liquid in the 
upper portions of the formation when the solvent has 
cooled to the natural temperature of the formation, so 
that it will dissolve petroleum contained therein and 
then ?ow down into the heated communication path. 
For example, aliphatic hydrocarbons having from 
about 4 to about 9 carbon atoms may be utilized, so 
long as they are paired with appropriate heating ?uids 
having a boiling point at least 15°C. higher than the vol 
atile solvent utilized. Accordingly, another preferred 
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8 
embodiment of our invention utilizes steam or hot 
water as the heating ?uid and aliphatic hydrocarbons 
having from 4 to 6 carbon atoms as the volatile solvent. 
Somewhat higher molecular weight aliphatic hydrocar 
bons may be utilized as the volatile solvent if steam is 
used as the heating ?uid, which temperature is made at 
least 10°C. higher than the boiling point of the volatile 
solvent utilized. 

It should be understood that certain aromatic and ali 
phatic hydrocarbon species have been included in the 
section dealing with both heating ?uid and volatile sol 
vent. In no instance can the same species be used as the 
heating ?uid and the volatile solvent in the same appli 
cation. The heating ?uid and volatile solvent are inter 
related and the paramount consideration must be that 
the volatile solvent boiling point be substantially less 
than the temperature of the heating ?uid. If it is desired 
to insure that the heating ?uid be maintained in a liquid 
phase, then the boiling point of the heating ?uid must 
be at least 10° or 15°C. greater than the boiling point 
of the volatile solvent. 
IV. Field Example 
Our ‘invention is best understood by a reference to 

the following ?eld example, which is offered only as an 
illustrative embodiment of our invention, and is not in 
tended to be limitative or restricted thereof. 
A tar sand deposit is located at a depth of 200 feet 

and it is determined that the thickness of the formation 
is 65 feet. It is also determined that the petroleum is in 
the form of a highly bituminous hydrocarbon, and its 
viscosity at the formation temperature is much too high 
to permit recovery thereof by conventional means. An 
injection well is drilled to the bottom of the formation, 
and perforations are formed essentially at the bottom 
of the petroleum saturated zone. A production well is 
drilled approximately 100 feet distance from the injec 
tion well, and perforations are similarly made slightly 
above the bottom of the petroleum saturated zone. The 
production well is also equipped with a steam trap so 
that only liquids can be produced from the formation, 
and vapors are excluded therefrom. 
A ?uid communication path low in the formation is 

formulated by fracturing the formation using conven 
tional hydraulic fracturing techniques, and injecting a 
gravel sand mixture into the fracture to hold it open 
and prevent healing of the fracture. Next, hot water is 
injected into the formation at a temperature of 200°F., 
and injection is continued until the temperature of 
water produced at the production well rises to a tem 
perature of 190°F., indicating that the communication 
path has been heated uniformly from the injection well 
to the production well. 

It is determined that the area swept by the two well 
pilot ?eld program is 750 square feet and so the total 
volume involved in the pilot will be 750 X 60 or 45,000 
cubic feet. The porosity of this particular interval is 
only 20% so the total pore volume will be 9,000 cubic 
feet. A 0.10 pore volume (900 cubic feet or 6700 gal 
lons) slug of the volatile solvent, carbon disul?de in this 
particular instance, is injected into the injection well. 
After the carbon disul?de has been injected into the 
formation, injection of hot water is continued into the 
formation and production taken from the production 
well. Carbon disul?de vaporizes within the formation, 
moves up into the formation and loses sufficient heat 
to condense, thereafter dissolving bitumen, and the 
mixture of carbon disul?de and bitumen moves down 
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into the formation until it encounters the heated com 
munication path. Upon contacting the heated commu 
nication path through which hot water is continually 
being passed, the carbon disul?de is revaporized but 
the bitumen remains in the communication path. The 
heating ?uid raises the temperature of the bitumen, and 
the material is then transported to the production well‘ 
where it is passed to the surface. 
This production sequence is continued, with hot 

water being injected into the injection well and a mix 
ture of hot water and bitumen being taken from the 
production well, without any additional carbon disul 
?de or other solvent being injected into the formation. 
Bitumen is separated on the surface from the produced 
?uid, and is then subjected to sufficient processing in 
the vicinity of the production well to permit it to be 
transported via a pipeline to a remotely located re?n 
ery. The water is reheated as necessary and reinjected 
into the formation, in order to minimize the amount of 
water necessary for the operation, and also to eliminate 
the need for extraneous injection wells for water dis‘ 
posal. After the concentration of bitumen in the pro 
duced hot water begins to decline, it is determined that 
essentially all of the formation has been contacted by 
the volatile solvent and all of the bitumen present 
therein has been recovered. Thereafter, cold water is 
injected into the injection well to reduce the tempera 
ture of the communication path, which condenses car-, 
bon disul?de therefrom and the material is produced 
along with the produced cold water. Carbon disul?de 
is easily separated from water on the surface by vac 
uum distillation, so the material may be utilized in an 
other location. ' 

V. Experimental Evaluation‘ 
In order to establish the operability of our invention, 

and further to determine the effectiveness and opti 
mum concentrations of materials for use therein, the 
following experimental work was performed. 
A cell suitable for oil recovery studies under con 

trolled laboratory conditions was packed ?rst with a 
clean sand layer approximately one~eighth inch thick at 
the center of the cell, extending from the injection 
point to the production point, and the remainder of the 
cell was packed with tar sand to a density approximat 
ing the density encountered in actual formations. The 
clean sand layer at the base of the tar sand represented 
the communication path between the injection means 
and the production means which will be arti?cially pro 
duced in ?eld application by fracturing or other means, 
if a communication path does not already exist. A 
quantity of carbon disul?de was injected into the cell 
followed by injection of saturated steam at 300 psia and 
417°F. In this particular test, the gaseous and liquid ef 
?uent were both removed and separated so as to study 
the compositions thereof, and it was determined that 
the gaseous effluent consisted of one~third carbon di 
sul?de, one-third carbonyl sul?de, and one-third hy 
drogen sul?de, indicating that the reactions described 
previously had occurred to some extent. Nevertheless, 
bitumen was recovered from the cell. Approximately 
78% of the bitumen was recovered, which is an unusu 
ally high recovery efficiency for tar sands. 
While our invention has been described in terms of 

a number of speci?c illustrative embodiments, it should 
be understood that it is not so limited. Numerous varia 
tions will be apparent to persons skilled in the art with 
out departing from the true spirit and scope of our in 
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10 
vention, and it is intended that our invention be limited 
only by such restrictions or limitations as are imposed 
in the appended claims. 
We claim: 
1. A method for recovering petroleum from subterra 

nean, viscous petroleum containing formations includ 
ing tar sand deposits, said formations being penetrated 
by at least one injection well and by at least one pro 
duction well, comprising: 

a. establishing a ?uid communication path low in the 
formations between the injection well and the pro 
duction well; ‘ 

b. injecting a heating ?uid into the communication 
path; 

0. continuing injection of said heating ?uid and re 
covering the ?uid from the production well until 
the temperature of the formation has increased for 
a substantial distance from the injection well to a 
temperature substantially above the natural tem 
perature of the formation; 

d. injecting into the heated communication path a 
volatile solvent for the petroleum contained‘ in the 
formations, said solvent having a boiling point 
greater than the natural formation temperature and 
substantially lower than the temperature to which 
the communication path has been heated; and 

e. continuing injecting the heating ?uid into the in 
jection well and producing same at the production 
well, with the formation petroleum mixed there— 
with. 

2. A method as recited in claim 1 wherein the com 
munication path ,iscreated by hydraulic fracturing. 

3. A method as recited in claim 1 wherein the forma 
tion contains a substantially water saturated, porous 
zone in the lower part thereof, and the communication 
path low in the, formation is created by injecting a 
heated, aqueous ?uid selected from the group consist 
ing of steam'and hot water. 

4. A method as recited in claim ll wherein the heating 
?uid comprises an aqueous ?uid selected from the 
group consisting of steam and hot water. 

5. A method as recited in claim 4 wherein the heating 
?uid is steam. ' 

6. A method as recited in claim 4 wherein the heating 
fluid is hot water. 

7. A method as recited in claim 4 wherein sodium hy 
droxide is included with the aqueous heating ?uid. 

8. A method as recited in claim; 4 wherein a surfac 
tant is included with the aqueous heating ?uid. 

9. A method as recited in claim I wherein the heating 
?uid is an aromatic hydrocarbon. 

10. A method as recited in claim 9 wherein the aro 
matic hydrocarbon heating ?uid is benzene. 

11. A method as recited in claim 9 wherein the aro 
matic hydrocarbon heating ?uid is toluene. 

12. A method as recited in claim 1 wherein the heat 
ing ?uid is an aliphatic hydrocarbon having from 3 to 
9 carbon atoms. 

13. A method as recited in claim 1 wherein the vola 
tile solvent is carbon disul?de. ‘ 

14. A method as recited in claim 13 wherein the heat 
ing ?uid used in conjunction with carbon disul?de is a 
liquid and the temperature of the heating ?uid is below 
210°F. 

15. A method as recited in claim 1 wherein the vola~ 
tile solvent is an aromatic hydrocarbon solvent. 
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16. A method as recited in claim 15 wherein the aro 
matic, volatile solvent is benzene. 

17. A method as recited in claim 15 wherein the aro 
matic solvent is toluene. 

18. A method as recited in claim 1 wherein the vola 
tile solvent is an aliphatic hydrocarbon having from 3 
to 9 carbon atoms. 

19. A method for recovering bitumen from a tar sand 
deposit comprising: 

a. forming a permeable ?ow path near the bottom of 
the tar containing portion of the formation; 

b. injecting hot water whose temperature is below 
210°F. and above the boiling point of carbon disul 
fide into the permeable?ow path; 

c. injecting a predetermined quantity of carbon disul 
?de into the heated permeable ?ow path; 

(1. continuing injecting the hot water into the forma 
tion, and 

e. recovering the hot water with formation tar mixed 
therewith from the formation. 

20. A method as recited in claim 19 wherein from 
about 0.05 to about 0.1 pore volumes of carbon disul 
?de is injected into the formation. 

21. A method for recovering bitumen from tar sand 
deposits comprising: 

a. forming a permeable zone near the bottom of the 
tar sand deposit; 

b. injecting a nonaqueous ?uid having a boiling point 
of at least 60°C. into the permeable zone, said ?uid 
being heated to a temperature greater than the 
boiling point of carbon disul?de; 

c. injecting from about 0.01 to about 0.10 pore vol 
umes of carbon disulflde into the heated permeable 
zone; 

d. continuing injecting the heated nonaqueous ?uid 
and producing said ?uid with bitumen dissolved 
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12 
therein from the tar sand deposit. ‘ 

22. A method as recited in claim 21 wherein the 
heated nonaqueous ?uid is an aromatic hydrocarbon. 

23. A method as recited in claim 22 wherein the aro 
matic hydrocarbon is benzene. ’ 

24. A method as recited in claim 22 wherein the aro 
matic hydrocarbon is toluene. 

25. A method as recited in claim 21 wherein the non 
aqueous ?uid is an aliphatic hydrocarbon having from 
7 to 12 carbon atoms. 

26. A method for recovering viscous petroleum in 
cluding bitumen from a viscous petroleum containing 
formation including a tar sand deposit comprising: 

a. forming a permeable ?ow path near the bottom of 
the petroleum containing formation; 

b. introducing an aqueous ?uid heated to a tempera 
ture of at least 100° centrigrade into the permeable 
?ow path; 

c. introducing an aromatic or aliphatic hydrocarbon 
solvent for the formation petroleum having a boil 
ing point at least 10°C. below the temperature of 
the heated aqueous ?uid of (b) and above the natu 
ral formation temperature into the permeable ?ow 
path, and 

d. continuing injection of the heated aqueous ?uid 
into the formation while producing the aqueous 
?uid with viscous formation petroleum mixed 
therewith from the formation. 

27. A method as recited in claim 26 wherein the hy 
drocarbon solvent is benzene. ' ' 

28. A method as recited in claim 26 wherein the 
heated aqueous ?uid is steam heated to a temperature 
above 120°C. and the hydrocarbon solvent is-toluene. 

* * =1: * * v 


