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This invention relates to the treatment of limestone 
formations which contain petroleum hydrocarbons for 
the purpose of facilitating the ?ow of such hydrocarbons 
from the formation into a production well. More par 
ticularly, the invention involves the use of certain or 
ganic amines for treating calcareous formations to 
improve the flow of hydrocarbons therethrough while 
hindering the ?ow of water. 

It has been proposed heretofore to treat oil sands with 
various organic amines to facilitate the production of 
petroleum from the formation. Such treatment is bene 
?cial due to the fact that the amines tend to become 
chemi-sorbed on the surface of the sand grains and 
thereby render the sand preferentially wettable by oil 
rather than by water. This permits oil to ?ow through 
the pores more readily while hindering the ?ow of water 
into the zone which has been treate . ' 

The usefulness of amines as treating agents, however, 
heretofore has been considered as limited to the treatment 
of formations which are siliceous in nature. The effec 
tiveness of this type of compound in improving the ?ow 
of oil has been attributed to the acidic character of the 
sand, which is thought to result from the ionization of 
surface molecules of silicic acid. The basic-reacting 
amines thus have been thought to be retained on the 
sand by chemi-sorption essentially as a result of its acidic 
properties. Accordingly, it has been considered hereto 
fore that amines would have no usefulness whatever in 
treating limestone formations, since limestone is essen 
tially basic rather than acidic and therefore would not 
be expected to react with an amine. 

It has now been surprisingly discovered that certain 
aliphatic amines are outstandingly effective for treating 
limestone formations. According to the invention, a 
limestone formation is treated with a hydrocarbon solu 
tion containing, as the active treating agent, a minor 
amount of an aliphatic amine having 8-12 carbon atoms. 
We have found that such treatment will substantially 
increase the permeability of the limestone to hydrocar 
bons while decreasing its permeability to water. The 
invention thus provides a simple and effective treatment 
for facilitating the ?ow of oil while hindering the ?ow 
of water through an oil-bearing limestone formation. 
The amines which are useful in practicing this inven 

tion are octylamine, nonylam‘ine, decylamine, undecyl 
amine, dodecylamine and their isomers. Individual 
amines of this group can be employed in treating lime 
stone formations or mixtures of such compounds can 
be used with good results. The'preferred compound for 
practicing the invention is decylamine which has been 
found to be especially elfective in increasing the per 
meability of limestone to hydrocarbons while decreasing 
its permeability to water. . 
The treatment of a petroleum-bearing limestone forma 

tion according to the invention may be carried out by 
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dissolving a minor ‘amount of the amine in a suitable 
hydrocarbon solvent, such a kerosene, gas oil, crude oil or 
the like, and introducing the solution through a borehole 
into the formation. Only a small proportion, e.g. less 
than 5%, of the amine need be used in the solution for 
good results, although larger proportions may be em 
ployed if desired. Generally it is preferable that the 
amount of amine in the treating agent solution be within 
the range of ODS-2.0% by weight, since it has been 
found that such small proportions can effectively and 
economically be employed to achieve the desired results. 
As the solution of treating agent ?ows from the borehole 
into the formation being treated, it tends to reduce the 
water content of the formation in the vicinity of the 
borehole by displacement of the water phase farther 
back into the formation and thus open the channels for 
hydrocarbon flow. It also appears to change the char 
acter of the limestone surfaces in some bene?cial man 
ner, perhaps by rendering them preferentially oil 
wettable. When the well is subsequently put back into 
operation, the formation hydrocarbons can pass more 
readily through the treated Zone whereas the ?ow of water 
from farther back in the formation toward the borehole 
is retarded. The treatment thus effects an increase in the 
ratio of oil to water produced from the well. 
For the purpose of illustrating the effectiveness of 

the invention, two comparative runs were made with 
limestone cores, using di?erent treating agents but other 

One 
of the treating agents was a mixture of amines composed 
mainly of decylamine with small amounts of octylamine 
and dodecylamine. The treating agent for the compara 
tive run was caprylic acid, this being selected because of 
its acidic character which normally could be expected 
to cause chemi-sorption thus rendering the limestone 
preferentially oil wettable. 

, In each of the runs the procedure comprised treating 
a cylindrical limestone core of about 3%” LD. and 21/2” 
length is a specially designed ?ow cell ?rst with brine 
and then with kerosene under selected conditions until 
equilibrium ?ow rates had been reached. The core was 
then treated by ?owing therethrough a kerosene solution 
containing 0.10% of the treating agent until equilibrium 
?ow again was reached . The amount of residual brine 
removed from the core by such treatment and its change 
in permeability to kerosene Were determined. 

In the run carried out according to the invention em 
ploying the aforesaid mixture of amines, the perme 
ability of the limestone core to kerosene was 0.1 milli 
darcy prior to introducing the treating agent and it 
increased to 8.5 millidarcies during the treatment. Also, 

, the treatment removed an amount of residual brine from 
the core equal to 37% of the pore volume. Following 
this treatment kerosene alone was passed through the 
core, and it was found that the permeability increased 
still further to 10 millidarcies. By way of comparison 
the treatment carried out utilizing caprylic acid raised 
the permeability from only 0.20 to 0.32 millidarcy and 
no residual brine was removed from the core. 
The foregoing comparative results illustrate the sur-' 

prising e?ectiveness of the amine treating agents of this 
invention for improving the flow characteristics through 
limestone formations. 
We claim: 
1. Method of facilitating the ?ow of hydrocarbons 

from a limestone formation into a borehole which com 
prises treating such limestone formation with a hydro 
carbon solution containing 0.05—5% by weight of an ali 
phatic amine having 8-12 carbon atoms. 
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2. Method‘ according to claim 1 wherein the amount 
of amine is 0.05-2.0% by weight of said hydrocarbon 
solution. 

3. Method of facilitating the ?ow of hydrocarbons 
from a limestone formationtinto a borehole which com 
prises treating such limestone formation with a hydro 
carbon solution containing ODS-2.0% of decylamine. 
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