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ra. Efra, 3,249,27 r: 1. . A 3. “...is 'a-ty fatented Viar. 5, 1966 

s; iiiie if gir (; R.A. is (; A = {}RY' 'TON IN THE 
{Cai Y OF A E, 

Serei: , 3rticit, Tulsa, Cia., assi:iior, by thegie as 
sigrineafs, to Esso Prodiacgor :Researcia Company, a 
corporairs of Belaware 

(entinuatiaia of application Ser. No. 609.97, Sept. 2, 
i956. This application Aug. 5, 1963, Ser. No. 
52,064 

20 claims. (Ci. 366-9) 
This application is a continuation of copending appli 

cation Serial No. 509,497, filed on the 12th day of 
September, 1956, now abandoned. 
The present invention is hroadly concerned with an in 

proved method for cleaning up an injection well bore 
hole. The invention is directed toward a method for in 
creasing the susceptibility of the area abut the well to 
accept the introduction of injected fluids. 

(One specific adaptation of the present invention is con 
cerned with an improved inetiod of the recovery of crude 
petroleum oil from subterrancan formations wherein an 
in proved technique for carrying out a secondary recovery 
operation is utilized. In accordance with the specific 
adaptation of the process, the area adjacent and about 
an injection bore hole is specially treated with carbon 
dioxide in a manner to render nore effective a Second 
stage step wherein an oil scavenging fiaid such as water is 
injected into the injection hole and caused to flow to 
ward one or more production wells. 

it is known in the art that after a reservoir has been 
subjected to secondary recovery operations such as water 
fiooding the area about the injection well bore holes tends 
to become rei:itively non-susceptive to the further intro 
duction of fluids. This is due to the fact that the pores 
of the for inition tend to be clegged with nud, Scale Such 
as iron oxide, and the like. Furthermore, the residual 
oil in the area iii.cgiately adjacent the veil bore hole 
tends to make the introduction of additional fluid relia 
tively difficult. It is also well known in the art to use 
various methods and techniques for removing oil in 
secondary recovery operations. For example it has been 
suggested that gas be injected and that the Jeservoir be 
repressured. Furthermore it is known in the art to in 
ject water at an injection well and to cause this water 
to flow toward a producing well driving oil ahead of it to 
the producing well. Another procedure suggested has 
been to introduce a bank of low-boiling hydrocarbon 
such as propane and to drive this bank by means of 
either water or nat: ral gas toward the producing well, 
These methods have been successfui to some degree. 
However, in many instances, the beneficial results have 
not been significant. 
As pointed cut heretofore in oil production processes, 

the area about a bore hole becomes less porous due to 
scale and mud clogging. Thus, if a conventional tech 
nique such as water flooding or propane washing be em 
ployed, it is often difficult to inject these fluids effectively 
and efficiently into a formation. A considerabic and 

high-pressure drop is encountered in the area about the 
bore hole. 

In accordance with the present invention, carbon di 
oxide under a very high pressure is injected into the 
bore hole and the bore hole then sealed off. A time 
period is allowed to elapse at the end of which the pres 
sure is released. During the time that pressure is main 
tained on the bore hole, the carbon dig xiic sceps into 
and dissolves in the residual fitids for several cct about 
the circumference of the bore holc. When the pressure 
is released on the carbon carbon dioxide, the carbon di 
oxide expans and exerts a gas pressure pn the residual 
oil and other fluids causing them to backflow into the 
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bore hole. This washes the mud particles and scale 
from the pores thereby producing a highly porous forma 
tion about the bore hole. In addition, the removal of th 
residual oil secured by this process increases the suscep 
tibility of the area about the bore hole for further liquid 
injection. During the backflowing operation, the liquii 
or fluid is pumped from the injection well. Water or 
any other suitable oil-displacing fluid is then pumped 
into the formation through the injection well and caused 
to fiow toward the production wells. 
The process of the present invention may be fully 

understood by reference to the drawing illustrating one 
embodiment of the same. Referring specifically to the 
drawing, an oil-containing formation l is shown positioned 
below the earth's surface 2. Bore holes 3, 4, and 5 ex 
tend from the earth's surface into the oil-containing 
formation. Suitable ports or conduits 6, 7, and 8 per 
mit fluid to flow between the formation 1 and well bore 
holes 3, 4, and 5 respectiveiy. 

In accordance with the present invention, carbon di 
oxide is introduced under pressure and by suitable means 
through bore hole 4 and the bore hole then sealed off. 
A period of time is then permitted to lapse during which 
the carbon dioxide seeps into and dissolves in the residual 
oil and other fluids about the bore hole in area A. 
Thereafter pressure is released on the bore hole 4 and 
residual oil backflows into bore hole 4 and is removed by 
Suitable pumps. This backflowing causes scale, nud par 
ticles, and the like to be romoved from the pores of the 
formation about the bore hole. 

Upon completion of this phase of the operation, a 
flooding Inedium such as water, a bank of propane, gas, 
or the like, is introduced by suitable means through bore 
hole 4. This flooding medium is caused to flow through 
the formation in the direction of bore holes 3 and 5 
and is removed along with the recovered oil by mcans of 
these bore holes to the surface. 
The present invention is concerned with an eifective 

method for cleaning up a well bore hole immediately 
about the bore hole. A specific adaptation of the inven 
tion in essence conprises a particlular arrangement of 
processing secondary recovery steps. The process con 
sists initially in the step of injecting a limited quantity of 
carbon dioxide into an injection bore hole. The quan 
tity should be at least enough to penetrate at least 3 to 4 
feet from the bore hole. The hole is then sealed off 
at an elevated pressure which is in the range from about 
i,000 to 12,000 pounds per square inch but less than the 
pressure required to lift the overburden. A preferred 
pressure is in the range from about 1,000 to 2,000 pounds 
per square inch. The hole is sealed off for a period of 
time which is in the range from about one to twelve hours. 
The pressure and time used will depend upon the type of 
oil formation being treated. Upon release of the pres 
sure from the injection well, pumping is continued as long 
as the backflow of fluids continues. After this stage 
water or other driving medium is introduced in a con 
ventional manner. The operation is very desirable in 
that the injected fluid such as water can fan out on a 
nuch greater periphery, namely the circumference of the 
purged area rather than the circumference of bore hole 4. . 
What is claimed is: 
1. Improved method for the recovery of oil from a sub 

terranean formation in a secondary recovery operation 
which comprises the steps of injecting a treating agent 
consisting essentity of carbon dioxidc into an injection 
eli; sealing off the injcction well for a pcriod of time 

at a pressure in excess of the formation pressure such th;it 
thc carbon dioxide will be forced scvcral fect into the 
formation; releasing the pressurc in said injection well 
at the end of said period of time; whereby fluid from 
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the formation backflows into said iniection well; removing of the formation pressure until carbon dioxide has been 
Said fluid from said injection well and thereafter intro- forced at least several feet into thc jori::ition; and therc 
ducing a flooded fluid into Saiki formation about said in- after releasing the pressure in said injection Well whereby 
cion weii and causing said flooding uici to ficw to a carbon dioxide injected into the formation cxpands thus 

producing Wei. 5 driving fluid froin the formation back into said injection 
2. Process as definesi in ciaim a wine rein said time well thus reducing oil saturation of the formation ad 

period is in the range from about of: to tweive hours. acent the injection wcil and renoving plugging nate 
3. Process as defici in claim i in which the treating jiai from the face of the weil bore adjacent the formation. 

agent is injected in a giantity sliticis: 2.5 reisetia init 3. A method of increasing the transfer of an oil re 
the formation a distance of at least about 3 to 4 fect to covery fluid from an injection well which contains water 
from the injection weii, into the surrounding oil bearing formation in which the 

3. An improved meiod for the recovery of oil from well has been formed and wherein a relatively fluid in 
a Subterranean formation in a secondary recovery opera- pervious skin has been deposited on the surface of said 
tion comprising injecting a treating agent consisting essell- Oil bearing formation. which comprises introducing untier 
tiaily of carbon dioxide into an injection well; maintain- 5 pressure carbon dioxide adjacent to said fluid impervious 
ing the pressure of said carbon dioxide within the bore skin said carbon dioxide used being at least 20 pounds 
hole until the desired quantity of carbon dioxide has been per foot of vertical thickness of said oil bearing forma 
forced into the formation: thereafter releasing the pres- tion, continuing the injection of carbon. dioxide to main 
sure in said injection wet whereby fluid within said tain the pressure until said skin has been destroyed and 
formation backflows into said injection well thus reducing 20 thereafter injecting an oil recovery fluid into the well. 
the cil Saturation of the formation adjacent the injection 3. in the method of claim 12 said carbon dioxide 
weii;, i.emoving saii fluid froti said injection well and being injected at a pressire in excess of 100 p.s.i. 
thereafter introducing a looding lid into said for nation 13. In the method of claim 12, the additicinal step of 
about said injection weii and causing said flooding fluid back flowing the wel by suddenly reducing the pressure 
to flow to a producing sci. 25 on the carbon dioxide. 

5. A process as defined by claim 4 wherein the pres- i5. In the method of claim 2, the additional step of 
sure maintained on said wei bore is in the range froin back flowing the well by suddenly reducing the pressure 
about 1,000 to 12,000 lbs. per square itch. on the carbon dioxide and withdrawing the carbon di 

5. A process as defined by claii in wherein the pres- oxide and water from the well. 
sure maintainedi on said weii bore is within the range of 39 i6. A method of increasing the transfer of an oil re 
i,000 to 2,000 lbs. per square inch. covery fluid from an injection weil into the surrounding 

7. An improved method for increasing the injectivity oil bearing formation in which the well has been formed 
of an injection weii drilled into a subterranean formation and wherein a relatively fluid impervious skin has been 
which comprises the steps of: injecting a treating agent deposited on the Surface of said oil bearing formation, 
consisting essentially of carbon dioxic into an injec- 35 which comprises introducing under pressure water and 
icia well at a pressure in excess of the forriation pressure carbon dioxide adjacent to said fluid impervious skin said 
in a quantity sufficient to penetrate Several feet into the carbon dioxide used biling at cast 20 pounds per foot of 
formation; Sealing off the injectio; vicil for a period of vertical thickness of Said oil bearing formation, continu 
fime; releasing the pressure in said iiiiction veii at the ing the injection of water and carbon dioxide to main 
and of Said period of time; and removing said fluid from 0 tain the pressure until said skin has been destroyed and 
said injection well. thereafter injecting an oil recovery fluid into the well. 

3. An innproved method for increasing the injectivity . 7. In the method of claian 6 said carbon dioxide and 
of an injection well drilled into a subterranean forma- water being injected at a pressure in excess of 100 p.s. i. 
tion which comprises the steps of: injecting a treating 18. In the method of claim 16, the additional step of 
agent consisting essentially of carbon dioxide into Said 45 back flowing the well by suddenly reducing the pressure 
injection wei under pressure in excess of the formation on the water and carbon dioxide. 
pressure until carton (iioxide has been forced several feet 19. In the method of claim 6, the additional step of 
into the formation; thereafter releasing the pressure in back flowing the well by suddeniy reducing the pressure 
Said injection weil whereby carbon dioxide injected into on the water and carbon dioxide and withdrawing the 
the formation expands thus driving fluid from within the 50 water and carbon dioxide from the well. 
formation back into said injection well thus reducing oil 20. A method of increasing the injectivity of an injec 
Saturation of the formation adjacent the injection well; tion well drilled into a subterranean formation which 
and renoving Saici fluid from Said injection weli. comprises: injecting carbon dioxide under pressure into 

9. A nethod for increasing the injectivity pf an in- the well; maintaining sufficient pressure on the wc to 
jection well drilled into a subterranean formation con- 5 permit the carbon dioxide to Seep into the formation in 
taining petrofeum which comprises the steps of: inject- mediately adjacent the well; thcreafter releasing the pres 
ing carbon dioxide into said injection well at a pressure Sure in said well; removing fluid from said injection well; 
sufficient to permit said carbon dioxide to penetrate sev- and then injecting an oil recovery fluid into the well. 
eral feet into the formation: Sealing off the injection 
well for a period of time; releasing the pressure in said 60 iReferences Cited by the Examiner 
injection well at the end of said p5:riod of time; and UNITED STATES PATENTS 
removing fluid from said injection well. 

10. Process as defined in claim 9 wherein said period 2.63.526 12/1952 Whorton et al. -------- 66-7 
pf time is in the range from about one to twelve hours. 19/25 Elkis ------------ i86-43 a. A method for increasing the injectivity of an in 85 850,098 9/1958 Moll et al. ---------- 166-43 
jection well drilled into a subterranean oil containin - - - - - - formation which comprises the steps of: injecting E. CHARLES E. O'CONNELL, Primary Evanlinter. 
dioxide into said injection well under pressure in excess BENJAMIN BENDETT, Examiner. 

  


