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3 Claims. (Cl. 166-21) 
This invention relates to the production of 

º crude oils and more particularly to a method of 
secondary recovery of petroleum , oils from º par 
tially depleted oil reservoirs. This invention also 
relates to methods of preparing underground res 
ervoirs for the storing of light volatile hydrocar 
bons. 

Present day, practice in the art of producing 
petroleum oils from underground reservoirs fre 
quently employs methods of secondary recovery 
in order to increase the rate ef fluid recovery 
and to drain more effectively the reservoir of its 
hydrocarbon fluids. Secondary recovery is usu 
ally started when a reservoir has become so de 
pleted of its fluid that the rate of production 
is deemed uneconomical. Common secondary 
methods include such as air or gas pressure, re 
cycling and water flooding. These fluids may be 
injected into, for example, one centrally located 
input well and the increased production with 
drawn i from outlying wells, or they may b? in 
jected into and increased production withdrawn 
from alternately located wells. . 
While present day methods of secondary. re 

covery aid substantially in the recovery of pe 
troleum fluids, there are inherent disadvantages 
which limit the ultimate oil recovery. For exam 
ple, when fluids are injected into reservoirs at 
pressures substantially in excess of the existing 
reservoir pressure, the injected fluids may flush 
out the porous, permeable portions of the forma 
tions, leaving large quantities of oil in the less 
porous, less permeable areas. When water is in 
jected into a reservoir precipitates and emulsions 
may form which plug the pores, and the use of 
air freouently causes plugging throughtar, gum 
and resin formation and deposition and even par 
affin º deposition. And, further, present day sec 
Ondary i recoverv methods i do not remove all of 
the petroleum from the reservoirs. 
In the practice of our invention, selected hy 

drocarbon vapors are injected through the well 
bore into the surrounding partially depleted for 
mation at pressures of the same order as those 
existing in the formation. The hydrocarbon va 
pors selected for injection are such that at res 
ervoir temperatures and under injection pres 
sures they condense to liquid within the pores of 
Said partially depleted formation. Unlike former 
processes, our invention does not permit chan 
neling of the vapor even in porovas and barren 
areas by the use of force or pressure because the 
vapor upon injection condenses and seals the 
pores with its own condensate. Condensation of 
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gives out latent i heat and forms a solvent that 
is wholly miscible with the petroleum oil, lowers 
the surface tensiom and decreases the viscosity of 
the residual petroleum thereby assisting natural 
drainage into the well bore. -- In our preferred 
embodiment, we disclose the use - of such hydro 
carbons or hydrocarbon mixtures as propane and 
butane. The accumulated liquid propane and bu 
tane solvent with its charge of residual petroleum 
is produced from the well by pumping, separated 
into essentially a crude oil fraction, and a recycle 
fraction comprising essentially vaporous propane 

5 

20 

and butane. Our method requires only a mini 
múm of material from outside sources, because 
the use of this propane and butane solvent is . 
cyclic and the solvent supply increases as the 

, operation progresses from the i propane and bu 
tane occurring in the formation oil. And, when 
the secondary recovery operation is completed, 
the “solvent * used i may be essentially completely 
recovered and the formation is then in excellent 
condition to serve as a storage reservoir for light 
petroleum products, such as butane and/or pro 
pane, which under present i operating conditions 
are frequently not conserved due to the danger 
and impracticability involved in the storage of 
these materials in large quantities in pressure 
tanks. - 
A primary object of our invention is to provide 

80 a method of increasing recovery of petroleum oils 
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from partially depleted oil bearing reservoirs and 
of storing hydrocarbons in these reservoirs during 
and after the recovery of the residual oil. 
Another object of our invention is to provide 

a method of increasing the reçovery of petroleum 
oils from partially depleted reservoirs by inject 
ing condensible hvidrocarbon vapors into the res 
ervoir, allowing said vapors to condense to form 
a solvent which mixes with and reduces the vis 
cosity and the surface tension of the hydrocarbon 
oil. thus facilitating drainage of the hydrocarbon 
fluid mixture from the formation into a Well bore. 

still another object of our invention is the 
provision of a method of injecting into a reservoir 
a solvent in vapor state and recovering the sol 
vent in a liquid state together with dissolved res 
ervoir Oil. * 
Another object of our invention is to provide 

a method of recycling hydrocarbon components 
of a petroleum oil, such as propane and butane, 
for purposes of secondary recovery of petroleum 
oil and conservation of the recycled components 
for future use. 
These and additional objects º and advantages 

these selected hydrocarbons within the pores 55 will be apparent to persons skilled in the art by 
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reference to the following description and an 
nexed drawing, wherein: 
Figure 1 is an elevational view, partly in cross 

section, of one embodiment of our invention; and 
Figure 2 is an elevational view, partly in cross 

section of another embodiment of our invention. 
Referring to the drawing, and more particu 

larly to Figure 1, we have denoted a plurality of 
well bores by reference numerals 10 and 1 d. The 
well bores extend downwardly - from the surface 
of the ground 12 to a hydrocarbon bearing forma 
tion - 3. Each of the well bores penetrating the 
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formation contains a string of oil well casing 4 
which is sealed at the top by a closure i 5. Each 
closure supports a string of pump tubing 6, 
which conveys hydrocarbon oil from the bottom 
of the wel bore to the surface of the ground. 
Reciprocating pumps i 7 are provided in the lower 
portion of the tubing strings and are employed 
to lift the hydrocarbon fluid upwardly through 
the tubing. It is to be understood that any type 
of pumping equipment which can be used suc 
cessfully may be employed in the practice of our 
invention. Pumps 17, which are shown for pur 
poses of description, are actuated by a String of 
sucker rods 8 which are reciprocated by any 
well known pumping equipment (not shown) at 
the surface of the ground. An annular space 19 
is formed between the interior wall of the casing 
and the exterior wall of the tubing of each of 
the aforementioned well bores. At the surface of 
the ground we have shown a known type of still 
20 which is connected to one - or more distilling 
columns 2 by an intercommunicating conduit 22. 
Still 20 also communicates with tubing 16 through 
a crude oil delivery line 23 and branch lines 24. 
Distillation of hydrocarbon liquid takes place in 
the still and i distilling column, producing liquid 
fractions and a vapor fraction. The liquid frac 
tions are drawn off from the still and the dis 
tilling column through liquid outlets 25 and - 3 , 
respectively, which convey the liquid fractions to 
desired disposal or storage apparatus (not 
shown). 
chiefly of butane with a desired amount of pro 
pane and smaller percentages of pentane and 
heavier hydrocarbons, is drawn off from the dis 
tilling column by a conduit 26. It is to be under 
stood. that the components of the vapor fraction 
may be varied from time to time in order to 
facilitate the condensation of the vapor fraction 
which is injected into the reservoir to form a 
hydrocarbon solvent. This solvent reduces the 
surface tension and Wiscosity of the hydrocarbon 
oil in place in the reservoir, thereby facilitating 
drainage to the well bores. Conduit 26 is provided 
with branch conduits, 27, which connect with 
closures 5 in a mannerto allow communication . 
with annular spaces 19. A by-pass i 28, which 
communicates with a compressor 29, and a valve. 
30 are preferably provided in conduit 26 so that 
the vapors withdrawn from one well may be com 
pressed and injected into another well along with 
the vapor from the distilling equipment. For 
descriptive purposes, we have the compressor ar 
ranged to compress vapors from well 0, and in 
ject them into well f , however, this is not to be 
considered as a limitation. Neither is our invèn 
tion to be limited to any number of well *bores. 

In the practice of our invention, the general 
arrangement of apparatus illustrated in Figure 1 
may be used in carrying out the steps of our 

. method of secondary recovery and underground 
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ture to the well bore. 

4 
that hydrocarbon oil from a reservoir may con 
tain volumes of propane and butane which are 
equal to as much as ten percent of the total 
reservoir fudd. To imitiate the process, let us 
use well 0 as an input, well for vapors coming 
from still 20 and distilling column 2. Additional 
volumes of propane and butane from an, outside 
source (not i shown) may be supplied to and 
vaporized in the distilling equipment as required. 
This butane and propane is added to the butane 
and propane which may be recovered from hydro 
carbon oil until a desired volume of these mate 
rials is present in the formation. It may be de 
sirable from time to time to add additional pro 
pane and butane from an outside source in order 
to compensate for the hydrocarbon oil withdrawn 
from the reservoir. The vapors evolved in the 
distillation process are conveyed from distilling 
column 2 by conduit .26, valve 30 being open, 
and branch conduit 27 to closure i 5 of well bore 
0 where the vapor is injected into the reservoir 

through annular space i 9. During the Vapor 
injection step it may be desirable not to pump 
liquid from well 10, however, well : may be : 
pumped during vapor injection into well 10. It 
is obvious that the composition of the vapor 
evolved in the distilling process may be so con 
trolled in the distilling apparatus that the vapor 
will contain propanes, butanes, and any heavier 
hydrocarbons as desired. In initiating our inven 
tion, it is frequently desirable to a have a vapor 
consisting of small amounts of hydrocarbons 
which are heavier than butane. . . . 

It is a well known physical law that a Vapor. 
gives i off latent heat "upon condensation to a 
liquid. As heat always travels from a hot.body 
to a cooler i body, the heat of condensation of 
the vapor used in the practice of our. invention . 
will warm the formation in which condensation 
takes place. . The large portion of the heat sup 
plied to the formation will be the latent heat of 
condensation of the vapor, since only little 
sensible heat is available. Initially some con 
densation of injected vapor may occur in annular 
space 9, heating the casing 4 and pump tubing. 
í 6. Finally, upon continued injection, the vapors. 
will reach the formation and become condensed 
therein, warming the formation locally and the : 
contained petroleum oil. It is also known that 
heat lowers the resistance to flow or viscosity of 
a petroleum oil while the condensate of the in 
jected vapor is also less viscous and has a lower 
surface tension than the formation oil. . . . 
The condensed vapor acts as a solvent and 

mixes with the formation oil increasing the tem 
perature thereof and of the formation. A por 
tion of the injected vapor will be dissolved by 
the formation oil resulting also in a rise in tem 
perature. This temperature increase combined 
with the solvent action of the condensed and 
dissolved vapors lowers the surface tension and 
decreases the viscosity of the oil materially there 
by facilitating drainage of the oil-solvent mix 

It will be seen that the . 
above step in our process takes place in a small 
area initially, and spreads out over a greater 
portion of the formation as the temperature of 
the formation increases and the oil in the reser 
voir and condensed vapors are drained to the 
input well bore and produced therefrom. 
By the condensation of the injected vapors, the 

latent heat of condensation will sufficiently warm 
the formation in which condensation takes place 
so that continued condensation of the injected 

storage of hydrocarbon vapors. It will be noted 75 vapors will not occur in this immediate area. 
  



* This warming then allows the process to remove 
the formation oil from progressively further from 
the point of initial vapor injection. As the up 
per portion of the formation is usually the more 
completely drained, the injected vapors will con 

- dense in the upper portion first. Thus, the con 
densed vapors readily drain to the lower portions 
of the formation to mix with the hydrocarbon oil 

to the well bore. The mixture of oil and propane 
butane solvent which accumulates in well bore 0 is periodically remov?d by pump i to the surface 
through tubing 6, and is then passed to still 20, 
by way of branch line i 24 and line 2. Theoil 
solvent : mixture is distilled in still 20 and dis 
tilling; column i 2 d. in which the liquid fractions 
are i drawn off through conduits 25 and 3, re 
spectively and the i vapor fraction through i line 
26, valve 30 and line 27 is recycled in the hereto 
fore mentioned manner. It is to be noted that 
as the petroleum oil is removed from formation 
13 and i distilled and the propane and butane 
therefrom recycled, the proportion of these hy 
drocarbons in the cycle and therefore in the res 
ervoir, increases particularly in the immediate 
area of injection where the increase is very great. 
The injection of vapor may be continued until 
essentially all- of the residual oil has been re 
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15 from well bore : 0 to that of the vapor coming . . . . * ... from the surface, distilling equipment. By re 
moving vapor from well bore 0, the surround-, , 
ing formation is virtually, converted into a Etill. . . . . . . 

* The liquid there is at its equilibrium boiling point 20 

driven out of the pores by its own vapor. After i 
utilizing some of the stored heat by evaporation, 
governed by the rate of pressure reduction, va 
por injection may be renewed while vapor is re 

moved from the formation immediately sur 
rounding well 10, and the condensation of vapors 
spreads over the formation to facilitate the drain 
age of the residual oil to well bore it as wel as : 
to well bore 0 or other well bores (not shown), 
from which the condensed vapor and oil solution 
may be recovered as a liquid. At such time as deemed expedient, the injection of vaporsi may 
be, directed to, another well or wells such as to 
well bore : ; in the manner similar to that dis-, . 
closed in relation to well 10. When essentially 
all the oil has been removed from the forma tion by the recycling of the propane-butane va 
pors, the pores of the formation will be filled with 
the propane-butane in any desired propane-bu tane volumetric ratio. 
At this time the reservoir is prepared for and 

and pressure of the vapor in the formation sur 
, rounding the well bore, which has been drained 
of hydrocarbon oil, reaches equilibrium. - Vapor i: therein, assisting the drainage of the residual oil, * - - - - 

l0 livered to well bore f , along with additional va 
por from the surface distilling equipment. This 
is accomplished by closing valve 30 in conduidt 26 
and directing: the vapor through compressor 29, 

that by injecting vapor from one of the wells, 
part of the latent heat of condensation is used advantageously. The alternate injection of va 

injected vapor facilitates i drainage to ant offset 
producing well. At such time, as deemed expedi-- "" ; 
ent, vapor injection to well bore 0 may be dis 
continued. With i nos vapor being injected i, or : withdrawn from well bore II, the temperature i 

may then be removed from well, bore 0 and de 

which increases the pressure of the vapor coming 

at the former operating. pressure. It is, there 
fore, in the condition of live oii originally con 
tained in the sand and will give off vapor freely 
to replace itself and so will drain freely, being 

moved from another input well. It is to be noted 

por from first one well to another and then re versing the step, may be carried out untiu essen 

may be utilized for storage of the vapors already i 
present in the formation. By increasing the in 
jection pressure of the vapor, additional volumes 
of butane or propane may be injected into and i 

50 the reservoir will be at superatmospheric pres 
stored in the formation. As the i vapor stored in 
sure, it may be recovered from the formation 

i smation communicates with annular space 19. In 
this modification, the injection of vapors through " "; 
the annular i space is: carried on continuously i 

with the aid of its own vapor pressure. When 
the pressure of the vapors in the reservoir is re 
duced to atmospheric, the remaining vapors may 
be recovered by applying a partial vacuum to the formation. . . . . . ' 

It will be noted that while we have described our method specifically with respect to one input 
well, any number of input wells may be used for 
injection of the vapors as predicated by the op 
erating : conditions which may be peculiar to a 
given petroleum containing formation. Further, 
the injection of the vapors through annular space 
9 is optional, since this may be carried out ad 

vantageously through tubing i 6 by the inclusion 
of a by-pass (not shown) between tubing 8 and 
branch conduit 27 and by unseating pump T 
during periods of vapor injection. 
Another modification of our invention may be 

practiced , advantageously at : a time when the 
injection of vapor from the i surface * distilling 

tially all of the hydrocarbon oil has been removed 
erly conditioned for the storage of hydrocarbon. . . . . :: 
vapors already present in the formation and for . . 
such additional vapors as may be injected into . . . 
the formation for storage. " " ::::: :, ’:’, :, ’:’, :, ?i s; 

from the formation and the formation thus prop 

Referring to Figure 2 

uncased portion of the well i bore below the top 
of the formation; and above pump i 7 in such a 
manner that only the upper portion of the for 

without shutting down the pumping operation i 
of the well. As the i vapors condense and dis solve in the hydrocarbon oil in the upper part 
of the formation, the liquid drains to the lower : 
portion of the formation and thence into the . 
well bore, carrying with it oil in greater quan 
tities than would otherwise drain thereto, be cause the liquid has reduced the viscosity and . 
surface tension of the oil as heretofore disclosed. : 
The method of this modification of our inven- : 
tion is otherwise identical with the first. * It is 
to be noted that the vapor; above ther packers 
may be withdrawn from well bore (0, if desired, . 
and injected into well bore i in the manner heretofore described. 

: : : * It is emphasized that this is not essentially a 

equipment has removed the oil for a considerable : 
distance back in the formation surrounding the 
input well bore, but prior to the time that the | 5 

pressure process. On the contrary, it is i desir 
able that pressures in the sand be held reason 
ably low so that the pores which have been 
emptied of liquid may be filled with a minimum 
of vapor. It is a process in which the vapor 
pressure of the oil in place is built up to a higher . 
value by the cyclic returning of volatile material, * . :: 
largely derived from the oil being produced, while 

- "- " ... .' .. * * * v for a description of an- 8 
| other modification of our invention, it will be ; 
noted that the apparatus is identical to that of : - 
the first modification, except that a packer - 3 , 

i is carried on the tubing string and set in the 45 
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at the same time temperature is raised in the 
zone of condensation. . . . . 
Though we have described to as an input well 

and l as a pumping well, it is desirable to use 
all wells, at the start, as input wells. The pur 
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storage including the steps of injecting condens 

pose of this is to clean out the sand body near i 
them and to raise the temperature, locally, so that 
in effect the - diameter of the hole in the sand 
is increased by providing a larger cross section 
of open sand through which drainage can occur. 
As will be obvious, the process results in the 

production first of the heavier hydrocarbons of 
the crude oil. It, therefore, affords a means, to 
a refinery located near old producing sands of 
this type, for producing the heavier oils without 
the consequent increase in gasoline stocks and 
likewise a means of storing gasoline and lighter 
fractions under ground while using such storage 
as a recovery means.: . * * * * * * * * * ? : 
The underground temperature at the condens 

ing point may be computed from knowledge of 
the pressure, together with analysis of the vapor 
being injected and liquid phase being pumped. It 
is desirable to change the composition of vapor 
being returned as more of the sand is exhausted 
by the process, by the inclusion of more propane 
and even methane so that the exhausted pores 
may be filled with vapor of high volatility. Then 
when recovery of oil is 'considered economically 
complete, the composition of vapor returned 
should have been i so, controlled that injected 
material then present in the sand should consist 
of substantially nothing heavier ºthan butane 
and that chiefly present as vapor. . The final 
termination of a project consists of pumping 
down the liquid level to the lowest point geologi 
cally and then, exhausting the vapor by vacuum 
pumps and using the stored heat to evaporate 
liquid which wets the lower part of the sand. 
The process is best adapted to lenticular struc 

tures of high porosity and high permeability in 
which there is no water i drive. In addition ito 
recovering crude petroleum oil which otherwise 
might, be lost, a special utility of our invention 
lies in the storage or deferred production Of 
lighter. hydrocarbons. . Its use is well adapted to 
reduce the overproduction of motor fuel in winter : 
when market demand for furnace oil is heavy and 
to permit building up of stocks of butane and 
propane undergròund : pending: development of a 
synthetic rubber industry, the cost of storage of 
these aboveground being prohibitive because of 
their vapor pressure. . . N 
From the foregoing, it is believed that the 

many advantages, obtainable by the practice of 
the present invention will be readiiy apparent to. 
persons skilled in. the art. i. However, Since many 
changes may be made in carrying out the above 
method without departing from the scope of the 
invention, º as defined by the appended claims, it 
is intended that all matter contained hereini shall 
be interpreted as illustrative and explanatory, 
rather than in a limiting sense. 
We claim: - - - • X , X- * . 

1. A method of preparing partially depleted 

| 10 

5 

20 

25 

30 

ible hydrocarbon vapor consisting of propane and 
butane at substantially atmospheric temperature 
and at a maximum pressure only slightly higher 
than the vapor pressure of propane at formation 
temperature into the partially depleted oil bear 
ing formation through an input well, permitting 
the injected vapor to condense i substantially 
completely to a liquid within the pores of the 
formation thereby warming and dissolving the 
oil to facilitate, drainage of the oil into the input 
well bore and into adjacent welli bores, produc 
ing the mixture of oili and fully condensed vapor 
from the input and adjacent wells bores, frac 
tionating this mixture into a crude oil bottoms 
and the condensible i hydrocarbon i vapor, re 
cycling the vapor and producing the condensed 
vapor and oil mixture until, a suitably large stor 

crude oil content. . . . . . . . , ; * . . . . . . . . . . . . . . . . . . . 
2. A method of preparing partially depleted oil - 

bearing formations for volatile hydrocarbon stor 
age including the steps of injecting. condensible 
hydrocarbon vapor consisting of propane and 
butane at substantially atmospheric temperature 

agereservoir has been essentially - freed of its 

; and at a maximum pressure only slightly higher 
than the vapor pressure of propane at formation 
temperature into the partially depleted oil bear 
ing formation through an input well, permitting 
the injected vapor i to condense substantially. 
completely to a liquid within the pores of the 
formation :: thereby; warming and dissolving the 

40 

oil, reducing the pressure and permitting at least 
some of the dissolvedº solvent to i vaporize to 
replace the oil-solvent solution by solvent vapor 
to facilitatedrainage of the oil into the input 
well bore and into adjacent well bores, producing 
the mixture of oil - and condensed vapor from : 
the input and adjacent well bores, fractionating . . . 
this mixture into a crude oil bottoms and the 
condensible i hydrocarbon vapor, recycling :: the 
vapor and producing the condensed vapor and 
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oil mixture until : a, suitably large storage reser 
voir has been i essentially, freed of its crude oil 
content. . * * * * . 

3. A method of producing petroleum oil from . 
partially depleted wells including the steps of in 
jecting condensible hydrocarbon vapors consist- . 
ing essentially of propane and butane at sub 
stantially atmospheric temperature, and is at a 
maximum pressure only slightly higher than the 
vapor pressure of propane: at formation : temper 
ature into the partially depleted oil producing for 
mation, permitting the injected i vapors to con 
dense substantially completely within the pores 
of the formation thereby: warming: by the avail- . 
able heat of condensation the residual crude oil 
and dissolving said residual oil, producing this 
mixture of fully condensed propane - and butane 
and petroleum oil, fractionating this mixture into 
a crude oil bottoms and a propane and butane : 
vapor; and recycling tº the propane , and butane i 

oil bearing formations for volatile hydrocarbon 65 

vaportinto the partially depleted oil producing 
formation. M " V ': *** EDWARD BUDDRUS. "; 
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