
XR 29 6789 8 74 

United States Patent Office 

's -- . 1 . . . . . 

2,878,874 
Patented Mar. 24, 1959 

2,878,874 
PRODUCING PETROLEUM FROM UNDER 

GROUND FORMATIONS 

Joseph C. Allen, Bellaire, Tex., assignor to The Texas 
Company, New York, N.Y., a corporation of Delaware 

No Drawing. Application December 14, 1956 
Serial No. 628,235 

14 Claims. (C. 166-2) 

This invention relates to production of petroleum from 
underground formations. More particularly, this inven 
tion is concerned with increasing the recovery of petro 
leum from underground petroleum-containing formations. 

Petroleum is produced from underground formations 
by one or more driving forces. Water drive originating 
from underground formation waters is one source of 
driving energy which tends to displace petroleum from 
underground reservoirs. Another source of driving ener 
gy useful for displacing petroleum from an underground 
reservoir may be derived from a surmounting gas cap. 
A:very effective and perhaps the greatest single, driving 

- force useful in the displacement or recovery of petro 
leum from underground petroleum-containing formations 
is the so-called "solution gas drive' wherein gas dissolved 
in the liquid petroleum present in the underground for 
mation serves as the driving force to expel or displace the 
liquid petroleum therefrom. In a solution gas drive the 
gas released from the liquid petroleum upon pressure re 
duction serves to displace and move the petroleum from 
the formation in the direction of the zone therein of re 
ducing pressure. 

In some instances, however, solution gas drive is in 
efficient. Frequently the main cause for the inefficiency 
of a solution gas drive in the displacement of liquid pe 
troleum producing formation is due to the tightness or 
low permeability of the petroleum producing formation. 
itself. Low permeability within the petroleum producing 
formation, particularly in the area of the well bore, usual 
ly necessitates rather high drawdown pressures around 
the well bore in order to maintain a given high rate of 
production. At these relatively high drawdown pres 
sures free gas is formed in the zone surrounding the well 
bore within the producing formation. This free gas 
usually leads to the development of gas permeability or 
gas fingering around the well bore which permits "excess' 
gas to flow. "Excess' gas is the free gas (natural gas) 
that is produced and numerically is equal to the total gas 
produced minus the solution gas still remaining within 
the liquid produced petroleum. Production of excess gas 
means that some of the petroleum left in the formation 
is denuded or has lost some of its original solution gas. 

. Accordingly, it is an object of this invention to provide 
an improved method for the production of petroleum 
from an underground petroleum-containing formation. 

Still another object of this invention is to provide a 
method of conserving so-called solution gas energy within 
a petroleum-producing formation during the production 
of liquid petroleum therefrom. 

Still another object of this invention is to provide a 
method for increasing the production of liquid petroleum 
from a petroleum-producing formation. 
Yet another object of this invention is to provide a 

method for maintaining reservoir pressure within a petro 
leum-producing formation. 
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Still another object of this invention is to provide an 

improved method of secondary recovery wherein a dis 
placing fluid is introduced into a petroleum-containing 
formation to displace the petroleum therefrom. 
How these and other objects of this invention are ac 

complished will become apparent with reference to the 
accompanying disclosure. In at least one embodiment 
of the practice of this invention at least one of the fore 
going objects will be achieved. 

In accordance with the practice of this invention pro 
duction of petroleum from an underground petroleum 
containing formation is enhanced by introducing into 
said formation a naphtha fraction having dissolved there 
in a substantial amount of a normally gaseous hydrocar 

l3 bon or a mixture of normally gaseous hydrocarbons, 
such as natural gas. The normally gaseous hydrocarbon 
is dissolved in the light petroleum fraction at a relatively 
elevated pressure, for example, at a pressure of at least 
500 p.s.i.g., i.e., a pressure at least sufficient to substan 
tially increase the volume, e.g., by at least about 10%, 
of the original light petroleum fraction prior to having 
the normally gaseous hydrocarbon dissolved therein. 

It has been determined that there exists a difference 
in the solubility of a normally gaseous hydrocarbon, 
such as methane, ethane and propane and the like or 
mixtures thereof, such as natural gas, in a total crude oil 
as compared with a light hydrocarbon fraction, such as 
a naphtha fraction thereof. It has been further deter 
mined that a light petroleum fraction, such as a naphtha 
fraction having a boiling range in the range 90-425 F., 
will dissolve or absorb more of a given hydrocarbon gas 
under given conditions of temperature and pressure than 
a total crude. Further, it has also been observed that 
under a given set of conditions of temperature and pres 
Sure a normally gaseous hydrocarbon, such as methane 
or ethane or mixtures thereof, such as are to be found 
in natural gas, provide a solution of greater volume when 
dissolved in a given volume of light petroleum fraction, 
Such as a naphtha fraction, than when dissolved in the 
same volume of a heavy petroleum fraction or a total 
crude oil which itself may be the source of the aforesaid 
light petroleum fraction. This phenomenon has been 
observed in the case of methane and ethane by variations 
in so-called apparent density. - 
Apparent density is a function of not only the density 

of the liquid in which these gases are dissolved but also 
of the quantity of the gas that is dissolved in the liquid. 
The lighter the liquid the lower is the apparent density 
of the dissolved gas. Also, as the quantity of the dis 
solved gas in a given amount of liquid increases the so 
called apparent density of the dissolved gas decreases. 
Thus it has been determined that a light petroleum frac 
tion, such as a naphtha fraction, e.g., a light straight run 
naphtha having a boiling range in the range 90-250 F., 

...would be an excellent vehicle for the return of the pro 
duced natural gas or equivalent normally gaseous hydro 
carbon to the petroleum reservoir for the purpose of 
maintaining reservoir pressures and/or increasing the 
recovery of liquid petroleum therefrom. For example, 
when the produced gas is returned to the reservoir dis 
solved in a light petroleum fraction the returned gas 
would occupy a larger volume in the reservoir than it 
did originally when dissolved in the total crude or petro 
leum originally in piace within the reservoir. 
The benefits of the practice of this invention are indi 

cated in accompanying Table I which sets forth data 
observed in the P-V-T study of a black oil system. . . .: 
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Table 

Original Oil Gasoline 
Fraction 

Oil Gravity-------------- 41.8 API.----- 53.6°API. 
Reservoir Temperature-- 134 F--------- 34°F. 
Bubble Point Pressure G 134°F 12 Ea. 

X).). 
Bubble Point Pressure G 34 F--- 1,850 p.s. i.a. 1,850 p.S.i.a. 

(Calcu 
lated). 

Gas Cravity-------------------------- 0.885. --------- 0.835. 
Solution G10-------------------------- 655 ft.3/bbl --- 950 t.bbl. 
FEE yolume G. Bubble Point .366 (Exp.). -- and 34°F. Friation volume @ Bubble Point | 1.345 (Calcu- 1.570. 
and 349 F, lated). 

Wottline Fraction of Crude----------------------------- 0.292. 
Bubble Point Pressure G. 75' F--------------...--...- 1,600 p.S.i.a. 

0.292 bbl gasoline X950 (GIO)=277 ft.3 of produced gas dissolved by the 
gasoline traction at 1,600 p.s.i.a. and 75 F. or at 1,850 p.s.i.a. at 134 F. 

277x100 
e-42% 

of produced gas returned to reservoir in Solution in gasoline. 
0.292bhl. gas saturated gasoline X1.57 (Formation Volume Factor) as 0.46 
...bbl. at reservoir condition returned to reservoir per 1.345 bbls. reservoir 
volume voided. 

Ratio of volume of dissolved gas to volume of gas at Standard conditions: 
Gas in Crude Oil 

1.345-1.000- 0.345X5.6-655=0.0295 WatsovadfW.e. 
Gas in Gasoline 

1.57-1.00 =0.57X5.6-950-0.0335 WaiolvedfWo. 

As the data in accompanying Table indicates, at a 
bubble point pressure of 1850 p.s.i.a. and a reservoir tem 
perature of 134 F. the original oil contained 655 cubic 
feet of gas in solution per barrel of stock tank oil. 

cording to a method entitled "Pressure-Volume-Tempera 
ture Correlation for Mixtures of California Oils and 
Gases" by M. B. Standing, page 275, AP Drilling and 
Production Practice (1947). This method was used in 
order to calculate the gas-oil ratio and formation volume 
of the gasoline fraction from the crude oil. The close 
agreement between the calculated and the experimental 
properties for the crude oil indicates the validity of the 
correlation. It is noted that the gasoline fraction which 
comprised only about 30% by volume of the oil (stock 
tank oil) is capable of dissolving 950 cubic feet of gas 
per barrel gasoline as compared to 655 for the oil itself. 
It is apparent, therefore, that the formation volume fac 
tor is much greater for the light petroleum fraction (gas 
oline) than the oil itself. This 30% gasoline fraction 
itself will dissolve 42% of the produced gas. Upon re 
turning the saturated gasoline to the reservoir 0.46 barrel 
of reservoir space would be replaced for each 1.345 bar 
rels of reservoir space voided. Desirably all of the pro 
duced gas is returned to the formation. The 277 cu. ft. 
of dissolved gas and the approximately 30% gasoline 
fraction would occupy 0.46 barrel. An additional 0.616 
barrel of injection fluid would be obtained from the re 
maining 378 cu. ft. of produced gas by obtaining the re 
quired additional amount of gasoline from an extraneous 
source for a total of 1.08 barrels of injection fluid. This 
would mean an 80% volumetric efficiency in the replace 
ment of the produced reservoir fluid. Thus, in accord 
ance with the practice of this invention a good pressure 
maintenance mechanism within the formation is obtained 
by introducing into the formation a light naphtha frac 
tion (gasoline) saturated with a gaseous hydrocarbon, 
e.g., methane or the produced natural gas. 

- The final calculation under Table I indicates that the 
gas in solution in gasoline within the reservoir would 
occupy about 14% more volume than the same quantity 
of gas when dissolved in the original formation oil. As 
Table I indicates, the light petroleum fraction or gasoline 
employed in the indicated practice of this invention might 
have a formation volume factor of about 1.6 when satu 
rated at the indicated reservoir conditions with the pro 
duced natural gas (950 cubic feet per barrel). The ap 
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The 
experimental bubble point pressure was 1739 p.s.i.a and 
the 1850 p.s.i.a bubble point pressure was calculated ac 
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proximate API gravity of this saturated gasoline at reser 
voir conditions would be about 89. This gravity and 
density is very close to that of pentane. 
A light petroleum fraction, such as a naphtha fraction 

or a gasoline fraction, is particularly suitable as a carrier 
fluid for returning the produced normally gaseous hydro 
carbons (natural gas) back to the formation in accord 
ance with this invention. The returned fluid will carry 
methane in solution which would then tend to diffuse or 
mix with the virgin reservoir oil more efficiently than an 
other type of fluid, such as liquefied petroleum gas 
(L.P.G.), since the lower the molecular weight or the 
smaller the molecule the greater its diffusion rate. This 
diffusion of the gas in solution in the light petroleum 
fraction would cause an increased mixing of the virgin 
reservoir oil with the injected gas-saturated solution. 

Another advantage according to the practice of this 
invention wherein a light naphtha fraction Substantially 
saturated at an elevated pressure with natural gas is in 
jected into the producing formation is that the solution. So 
injected would be at this bubble point pressure under 
reservoir conditions whereas an apparently similar type of 
fluid, such as L.P.G., on the other hand, when mixed with 
the reservoir oil would reduce the bubble point pressure 
of the resulting mixture. This would not occur when a 
solution in accordance with the practice of this invention 
is employed since the injected solution would be at the 
same bubble point pressure as the reservoir fluid. 
As previously indicated, any suitable normally gaseous 

hydrocarbon, such as methane, ethane, propane or mix 
tures thereof, such as natural gas, may be employed in 
the practice of this invention. A natural gas suitable for 
use in the practice of this invention might have a com 
position in the range 50-99% by vol. methane and 2-40% 
by vol. ethane. - . . . 
A petroleum fraction particularly suitable for use in 

the practice of this invention is a straight run naphtha, 
such as a whole straight run naphtha having a boiling 
range in the range 90-425 F., more or less, or a partic 
ular fraction thereof, such as a light straight run frac 
tion having a boiling range in the range 100-250 F., 
more or less. As previously indicated, a low molecular 
weight normally liquid petroleum fraction is preferred. 
Accordingly, a light straight run fraction is preferred 
over a heavy straight run fraction. 

In accordance with one embodiment of the practice of 
this invention improved production of petroleum from 
an underground petroleum-producing formation is pos 
sible by the injection of the saturated gasoline fraction 
directly back into the producing formation into another . 
portion thereof removed from that portion of the forma 
tion, such as around the well bore, wherein the petroleum 
is produced from the formation. Accordingly, reintro 
duction of the saturated gasoline fraction serves not only 
to maintain formation pressure but also to enhance the 
ultimate recovery of petroleum from the formation. 

60 

In accordance with another embodiment of the prac 
tice of this invention the saturated gasoline fraction is 
introduced into the formation via an injection well, the 
petroleum being produced from another portion of the 
formation via a producing well. As previously indicated, 
the light petroleum fraction or gasoline saturated with 
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normally gaseous hydrocarbons introduced into the for 
mation may have been obtained in whole or in part 
from an extraneous source but preferably is obtained by 
distillation or other suitable fractionation procedure from 
the petroleum produced from the formation undergoing 
treatment. In a secondary recovery type of injection oper 
ation wherein the saturated solution is injected into the 
formation to displace the petroleum therefrom improved 
results are obtainable since the solution thus-injected 
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would be miscible with the petroleum in place and would 
be an effective displacing fluid because of the more favor 
able viscosity ratio existing between the injected fluid 
and the in place petroleum, particularly as compared to 

t 

  

  

  



2,878,874 

an injected L.P.G. fluid or the injection of natural gas 
alone. For example, whenever gas itself is injected into 
a reservoir, the viscosity difference between the in place 
petroleum to be displaced and the injected gas is great 
and this contrast leads to "fingering" or channeling of 
the injected gas within the formation to the producing 
well, thereby rendering the gas highly inefficient in dis 
placing the liquid petroleum toward the producing well. 
However, when this gas is in solution in a light petroleum 
fraction in accordance with the practice of this invention 
a much more efficient displacement of the in place pe 
troleum results. 

Further, in a secondary recovery type of operation 
involving an injection well and a producing well after 
breakthrough of the injected gasoline into the producing 
well the rate of production of the injected gasoline would 
increase. By this time, however, the formation would 
probably already have been producing excess gas. Thus, 
this extra amount of produced gasoline would be avail 
able at a most opportune time for dissolving and re 
turning to the reservoir the large amount of produced 
excess gas. It is believed that this type of a secondary 
recovery operation, cycling of the formation by return 
ing naphtha plus gas dissolved therein either for pressure 
maintenance or for displacing the petroleum from the 
formation, would be superior to the straightforward 
L.P.G. injection since it would carry methane in solu 
tion which would tend to diffuse the mix with the pe 
troleum previously in place in the reservoir more effi 
ciently than L.P.G. would. Eventually after having dis 
placed and/or produced substantially all of the displace 

-able in place petroleum from the formation production 
can be completed in the reservoir by pressure reduction 
or blowdown. Another suitable method of secondary 
recovery utilizing at least in part the teachings of this 
invention would be to follow the injected naphtha with 
a natural gas drive and/or a water flood. 

Another procedure, still in accordance with the prac 
tice of this invention involving an injection well and a 
production well and wherein produced naphtha Saturated 
with gas is cycled through the formation, after produc 
tion of substantially all of the petroleum from the reser 
voir, would be to process the produced gas by extracting 
the L.P.G. and natural gasoline therefron. The L.P.G. 
and/or natural gas could then be returned to the forma 
tion to displace the previously injected light petroleum 
fraction or gasoline therefrom. Finally, the thus-intro 
duced L.P.G. could be produced from the formation by 
pressure reduction or blowdown thereby resulting in sub 
stantially complete reduction of all the normally liquid 
hydrocarbons from the formation, leaving substantially 
only gas in place and this at a relatively low pressure. 
As previously indicated, a preferred light petroleum 

fraction is the naphtha fraction recovered from the pro 
duced petroleum and returned to the producing forma 
tion after having been saturated with a normally gaseous 
hydrocarbon or mixtures thereof at a relatively high pres 
sure. Desirably the light petroleum fraction is saturated 
with a normally gaseous hydrocarbon at ambient surface 
temperature, such as a temperature in the range 50-250 
F., at an elevated pressure, preferably at a pressure of at 
least 500 p.s.i.g., desirably at a pressure greater than 
1,000 p.s.i.g., such as a pressure in the range 1000 
3000 p.s.i.g. 
As will be apparent to those skilled in the art many 

changes and alterations may be made without departing 
from the spirit or scope of this invention. 

I claim: 
1. A method of producing petroleum from an under 

ground petroleum-containing formation which comprises 
withdrawing petroleum from one portion of said forma 
tion and introducing into another portion of said forma 
tion a liquid petroleum naphtha fraction substantially 
saturated at an elevated pressure in excess of 500 p.s.i.g. 
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and at a temperature in the range S0-250 F. with a 
normally gaseous hydrocarbon. 

2. A method of producing petroleum from a subsur 
face petroleum-producing formation which comprises 
withdrawing petroleum from said formation, separating 
a liquid naphtha fraction having a boiling point in the 
range 90-420 F. from said petroleum and reintroduc 
ing into said formation said liquid naphtha fraction sub 
stantially saturated with natural gas at an elevated pres 
sure in excess of 500 p.s.i.g. and at a temperature in 
the range 50-250 F. 

3. A method in accordance with claim 2 wherein said 
naphtha fraction is saturated with natural gas at an ele 
vated pressure in the range 500-2500 p.s.i.g. 

4. A method in accordance with claim 3 wherein said 
natural gas is comprised substantially only of methane. 

5. A method of producing petroleum from a sub 
Surface petroleum-containing formation which comprises 
withdrawing petroleum from said formation at a pro 
ducing well, fractionating the withdrawn petroleum to 
separate therefrom the normally gaseous hydrocarbons 
and a liquid naphtha fraction, substantially saturating 
said separate naphtha fraction at an elevated pressure 
in excess of 500 p.s.i.g. and at a temperature in the range 
50-250 F. with a normally gaseous hydrocarbon and 
reintroducing into said formation via an injection well 
the resulting liquid naphtha fraction. 

6. A method in accordance with claim 5 wherein said 
naphtha fraction is saturated with natural gas at an ele 
vated pressure in the range 500-250 p.s.i.g. 

7. A method in accordance with claim 5 wherein said 
normally gaseous hydrocarbon is methane. 

8. A method in accordance with claim 5 wherein said 
normally gaseous hydrocarbon is a gaseous mixture con 
taining methane and ethane. 

9. A method in accordance with claim 5 wherein said 
separated normally gaseous hydrocarbons are employed 
to saturate said separated liquid naphtha fraction. 

10. In the method of producing petroleum from an 
underground petroleum-producing formation wherein a 
displacing liquid is injected into said formation and em 
ployed to displace said petroleum from said formation 
the improvement which comprises employing as said dis 
placing liquid a liquid petroleum naphtha fraction sub 
stantially Saturated with a normally gaseous hydrocarbon 
at an elevated pressure in excess of 500 p.s.i.g. and at 
a temperature in the range 50-250 F. 

11. In the method of producing petroleum from an 
underground petroleum-producing formation wherein 
said petroleum is produced from said formation by dis 
placing said petroleum therefron with a liquid intro 
duced into said formation the improvement which com 
prises introducing into said formation a liquid naphtha 
fraction previously separated from the petroleum re 
covered from said petroleum-producing formation, said 
liquid naphtha fraction being substantially saturated with 
natural gas at an elevated pressure in the range 500-2500 
p.s.i.g. and at a temperature in the range 50-250 F. 

12. A method in accordance with claim 11 wherein 
said liquid naphtha fraction has a boiling point range in 
the range 90-425 F. 

13. A method of producing petroleum from an under 
ground petroleum-containing formation which comprises 
producing petroleum from said formation via a produc 
tion well penetrating the same, separating natural gas and 
a liquid naphtha fraction from the produced petroleum, 
saturating said liquid naphtha fraction with natural gas at 
an elevated pressure in excess of 500 p.s.i.g. and at a 
temperature in the range 50-250 F. to substantially 
increase the volume of said naphtha fraction by at least 
about 10%, introducing the resulting liquid naphtha. 
fraction into another portion of said formation via an in 
jection well penetrating the same, carrying out the afore 
said operations until substantially all of the petroleum 
within said formation has been produced, then intro 

  

  

  

  

  

  

  

  



: 

i 
- 

S 

3,878,874 
7 

ducing into said formation via said injection well a 
liquefied normally gaseous hydrocarbon to displace the 
other hydrocarbons within said formation toward said 
production well, producing the resulting displaced hydro 
carbons via said production well and subsequently pro- 5 
ducing from said formation the introduced liquefied nor 
mally gaseous hydrocarbons. 

i4. A method in accordance with claim i3 wherein 
said liquefied normally gaseous hydrocarbons are pro 
duced by displacing the same with a gaseous displacing 10 
agent. 
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