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The 
ment of deep wells, such as oil, gas, brine or 
water wells, to increase the output therefrom. 
It is more SE; concerned with the 
treatment of wells in which the mineral-bear E. stratum consists of a limestone or other 
calcareous formation, or is contiguous to such 
a formation. 
An object of the invention is to counter 

act some preyentable natural causes for the 
decline of yield of a well. A familiar exam ple, is the decline of production of an oil 
well. When it is first drilled into an oil 
bearing stratum, the release of pressure upon 
the oil deposit may case the well to flow naturally for a certain length of time. The 
flow will gradually recede from the initial 
high point to the point where natural flow 
does not produce sufficient yield, and there 

20 after E. be resorted to, until the continued decline in output renders further operation unprofitable. many cases, how 
ever, the stoppage of oil output is caused, not 
by exhaustion of the oil supply, but by the 

2 building up of solid deposits of wax or the 
like in the channels and pores of the ci 

rock which obstruct ind finally m 
cut of altogether the flow of oil to the we 
Various methods been i E. going up or cleaning a logged well hole, suc s ai 'shooting with explosive or b 

chemical treatment. The first two meth 
mentioned have the disadvantage that the 
pump rod and tube must be removed prior 

35 to R treatment, in addition to 
E. in of ereis danger of damaging the casing. The 
chemical methods heretofore proposed have 
either not been found effective to clear the 40 hole or they have involved the use of cor 
rosive substances which are injurious to the 
metal parts of the well structure. 
As an illustration, a chemical method is 

described in United States Patent 56,669, ac 45 cording to which the flow of an oil well in a 
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Appliention fled June 30, 19ss. Serial ?o. 620393. 

linestone formation is increased by treating 
with a quantity of an acid, such as hydrochlo 
ric i The acid has the effect of attack 
ing and dissolving the rock, thereby enlarg 
ing the cavity at the bottom of the well, or es 
the channels and pores in the rock through 
which oil flows to the well. In actual prac 
tice, however, this method has never been gen 
EEE due to the fact that the acid 

attac 
about as actively as the rock, and causes seri 
ous damage thereto. . 
We have now found that the last-men 

tioned method may be adapted for use in in 
creasing or restoring the flow of oil wells 
by suitable modification without material in 
jury to the casing or other metallic parts of 
the well. The treatment can be carried out 
at less cost and with better results than any 
of the methods heretofore employed. The 
invention, then, consists of E. improved 
method hereinafter fully described and par 
ticularly pointed out in the claims. 

In carrying out our improved method we 
employ a mineral acid, EEy. hydro 
chloric acid, inasmuch as the latter upon re 
acting with the calcareous rock forms water 
soluble salts which remain in solution and are 
removed from the well with the spent acid. 
To the acid we add a small amount of a sub 
stance capable of inhibiting attack of the acid 
upon metal surfaces, e.g. of iron or steel, cop 
per, etc., with which it comes in contact. 
the inhibiting agent we prefer to use anar. 
senic compound soluble in the acid solution, 
examples of which are arsenic acid, H.AsO., 
arsenic trioxide, AsO, or a soluble arsenate 
or arsenite, such as the co inding alkali 
metal salts. The amount of arsenic com 

dadded may be varied, but we have 
found that fronto 5 percent thereof, based 
upon the weight of the solution, will be satis 
fictory for the purpose. Other inhibitors which may be used are cyanides, organic ni 
trogen bases such as e phenyl-hydra 

the metallic casing, pump tube, etc. ss 
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zine, pyridine, quinoline, acridine and deriv 
atives thereof, organic sulphur compounds, 
such as mercaptains, as well as various by 
products of industrial processes, such as 
sludge acid from oil refining and residues 
from acid sulphite paper manufacture, etc. 
The strength of the aqueous hydrochloric 

acid solution, in general best adapted to the 
purpose in hand, may be between about 5 per 
cent and about 20 per cent, and preferabl 
should be between 10 and 15 percent althoug 
other concentrations may be used, if desired. 
With such strength of acid the corrosive ac 
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be intr 
tube, so that the latter need not be withdrawn. 

tion thereof upon metals, particularly iron 
or steel, can be largely or substantially in 
hibited by adding thereto a relatively small 
amount of an arsenic compound or other in 
hibiting agent. Consequently, the acid can 

E. into the well through the pump 
prior to the treatment. It is sufficient merely 
to pull the pump rod and valves, and to pour 
the acid solution into the well through the 
tube. Due to the presence of the inhibitor 
there will be no substantial attack upon the 
pump tube, or upon the well casing if the 
charge of acid rises high enough in the well 
to contact with the casing. 
The acid solution is preferably added in 

amount calculated to fill the bore of the well 
to a depth not exceeding the thickness of 
the mineral-bearing stratum. In order to 
force the charge of acid out of the E. tube 
into the bore of the well against the head of 
oil standing in the hole, it may be followed 
by a charge of oil, water of other liquid sufi cient to overcome the head, or pressure may 
be applied by other guitable means, e.$: 
air pressure or by means of a PEP 
introduced into the bottom of the well, the 
acid attacks the rock is: 
O its. ereby enlargin 8 pores and c it, the 3, O As up 
new channels. The action of the acid upon 
a limestone formation causes the evolution 
of a considerable volume of carbon dioxide 
s This gas ma Nig E" atter may be cap i ereoy C. C.O. W. O. 
well which A. "Sir the acid into 
the pores and crevices of the rock. After 
the action of the acid has Rise the spent solution containing the iolved 
salts may be pumped or bailed out. In many 
cases it may be desirable to repeat the treat 
ment one or more times. By making succes 
sive additions of smaller amounts of acid 
solution, and pumping out the spent acid be 
tween E. cumulative effect 
may be uced than by the use of a single 
larger charge. It is not necessary, however, 
to add the acid solution through the pump 
t as any other convenient way may be 
employed. For instance, the pumptube may 
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be withdrawn and a dump bailer used to low 
era charge of acid into the base of the bore. 

In the practical use of our method in the 
central Michigan oil field, where the oil is 
derived from a calcareous rock formation, 
we have successfully used hydrochloric acid 
solutions of 10 to 15 per cent strength to 
which was added a small amount, e.g. 1 to 
5 per cent, of an arsenic compound. For 
example 
hydrochloric acid solution was added 2 gal 
lons of arsenic acid solution containing 21 
pounds of arsenic calculated as AsO. The 
mixed solution was charged into an oil well 
through the iron pump tube, being followed 
by a quantity of crude oil to force the acid 
solution out of the tube into the well. After 
the acid was exhausted, it was pumped out, 
and thereupon regular pumping of the oil 
was resumed. The production of the well 
was approximately doubled with one treat 
ment. 
The method has been used repeatedly for 

the treatment of low yield or exhausted oil 
wells in producing territory with a resultant 
increase of output amounting to as much as 
75 to 200 per cent, and in sone cases wells 
which have ceased to flow have been brought 
back with a resumption of natural flow. The 
treatment has been applied in the manner 
described without appreciable damage to the 
pump tube or well casing. The invention 
may also be employed similarly to increase 
the flow of gas wells and brine or water wells in cases where the mineral or water-bearing 
stratum, or the immediately adjacent strata, 
are of a limestone or calcareous formation, 
or of a nature such as to be acted upon and 
dissolved by hydrochloric acid solution. 
Other modes of y: the principle of 

our invention may be em. yed instead of 
the one explained change being made as re 

rds the method herein disclosed 
the step or steps stated by any of the follow 
ing claims or the equivalent of such stated 
step or steps be employed. 
We therefore particularly point out and 

distinctly claim as our invention:- 
1. In a method of increasing the output 

of a well for producing a fluid mineral prod 
actuch as oil, gas, water or brine, the step which consists in introducing into the well 
an aqueous hydrochloric acid solution to 
which has been added a relatively small 
mount of an agent capable of inhibiting ac 

tion of the acid upon metals, 
3. In a method of increasing the output 

of well for producing a fluidineral prod 
ut, uch as oil gas, water or brine, the step which consists in introducing into the well a 
queous hydrochlorio acid solution to which 

his been added a relatively snall amount of an arsenic, compound capable of inhibiting 
action of the acid upon metals. 

to 4500 pounds of a 15 per cent , 
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a well for producing a fluid mineral product 
such as oil, gas, water or brine,the step which consists in introducing into the well. a 5 to 
20 per cent hydrochloric acid solution to 
which has been added from 1 to 5 per cent 
of an arsenic compound capable of inhibit 
ing action of the acid upon metals. 

4. In a method of increasing the output of 
a well for producing a fluid mineral product 
such as oil, gas, water or brine the step which consists in introducing into the well a 5 to 
20 per cent hydrochloric acid solution to 
which has been added from 1 to 5 per cent of 
arsenic acid. 

5. The method for increasing, the output 
of an oil well which comprises introducing 
into the base of such well a 5 to 20 per cent 
hydrochloric acid solution containing a rela 
tively small amount of a corrosion inhibitor, 
permitting the acid to act upon the rock for 
mation surrounding the well cavity and with 
drawing the spent acid. 

6. The method for increasing the output of 
an oil well which comprises introducing into percent hydro 
chloric acid solution containing a relatively 
small amount of an arsenic compound capa 
ble of inhibiting action of the acid upon met 
als, permitting the acid to act upon the rock 
formation surrounding the well cavity and 
withdrawing the spent acid. . . . 

7. The method for increasing the output 
of an oil well which comprises introducing 
into the base of such well a 5 to 20 per cent 
hydrochloric acid solution containing rel 
atively small amount of a corrosioninhibitor, permitting the acid to act upon the rock for 
mation surrounding the well cavity while ap 
plying pressure upon the solution and with 
drawing the spent acid. 

8. The method for increasing the output 
of an oil well which comprises charging into 
the pump tube a quantity of a 5 to 20, per 
cent hydrochloric acid solution containing a 
relatively small amount of a corrosion in 
hibitor, expelling the acid from the tube into 
the bore of the well by applying pressure 
thereon, permitting the to E. upon the 
rock formation surrounding the cavity 
and withdrawing the pent acid. 

9. The method for increasin 
of an oil well which comprises charging into 
the pump tube a quantity of a 5 to 20 per 
cent hydrochloric acid solution containing a relatively small amount of a corrosion in 

the output 

(. 

chloric acid solution to which has been added a relatively small amount of an organic 
nitrogen base capable of inhibiting action of 
the acid upon metals. 

11. In a method of treating a well for pro 
ducing a fluid mineral product such as oil, 

water or brine, the step which consists in gas he introducing into the well an aqueous hydro 
chloric acid solution to which has been added 
a relatively small amount of an organic sul 
phur capable of inhibiting action 
of the acid upon metals. 
Signed by us this 24 day of June, 1932. 

JOHN J. GREBE. 
ROSS T. SANFORD. 

hibitor, expelling the acid from the tube into 
the bore of the well by applying pressure 
thereon, permitting the acid to act upon the 
rock formation surrounding the welf cavi 
under pressure. due to the gas genera 
thereby and withdrawing the pent acid. 

10. In a method of treating swell for pro 
ducing a fluid mineral uct such as oil, 
gas, Yater orbrine, the step which consists in introducing into wi an aqueous hydro 
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1,877,504-John J. Grebe and Boss T. Sanford, Midland, Mich. TREATMENT of DEEP WLLs. Patent dated Sept. 3, 1932. Disclaimer filed Apr. 2, 1945, by the 

assignee, The Doto Chemical Oompany. 
Hereby enters this disclaimer to claims 1 to 9 inclusive, of said patent. 

Official Gazette May 1, 1945. . 


