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This invention relates to a method of recover 
ing oil from subterranean oil-bearing sand strata, 
of different permeabilities by injecting a fluid 
under pressure into an input well to force oil 
through the strata into an output well from 
which oil is recovered, such oil producing being 
commonly known as production by "secondary 
recovery' methods, and more particularly the 
invention relates to a method of increasing the 
efficiency of the producing operations by decreas 
ing the fluid conductivity of more permeable 
non-oil-producing strata adjacent to less perme 
able oil-producing strata. 
One method employed to produce oil from oil 

bearing sands is to force a fluid, such as water 
or a gas, into an input well and through the oil 
bearing strata to force oil to flow through the 
strata to an output or producing well from which 
oil or a mixture of oil and fluid is taken. In ac 
cordance with this process a series of input wells 
approximately equidistant from a producing well 
are 'drilled and exposed to the same oil-bearing 
strata. Fluid is forced down the input wells and 
out into the oll-bearing strata under sufficient 
pressure to drive the oil through the strata into 
the output or producing well. 
In carrying out this method of oil recovery 

serious dificulties have been encountered when a 
stratum or strata permit flow of driving fluid to 
the output well without forcing a sufficient 
amount of oil therefrom into the output well. 
Oil-bearing strata having different permeabili 
ties and so different degrees of fluid conductivity 
may lie closely adjacent one another and be ex 
posed to the same input well opening. Under 
these circunstances the driving fluid will drive 
the recoverable ol from the nore permeable 
strata before the recoverable oil is driven from 
adjacent less permeable strata leaving substan 
tial quantities of recoverable oil in the less per 
meable strata. As more permeable strata are 
emptied of recoverable oil they become more per 
meable to the less viscous fluid of the fluid drive 
and act to short-circuit the driving fluid opera 
tion. Thus, it becomes necessary to pump in 
more and more pressure fluid for each barrel of 
oil produced at the output well and a condition 
may be reached where the cost of pumping and 
handling the quantity of driving fluld necessary 
to produce a barrel of oil is greater than the 
value of the oil thus recovered. 

Also, since the rate of oil production under 
fluid drive is a function of the conductivity of the 
sands and the pressure drop across them, it re 
quires a higher pressure to maintain desired rate 
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oil-producing sands. But if after the more per 
meable strata are depleted the pressure of the 
driving fluid is increased to increase the rate of 
production from the tighter sands the flow of 
driving fluid through the loose sand becomes so 
great as to render the production unprofitable. 
The process of the present invention provides 

in general that when the ratio of driving fluid to 
oil produced at the output well becomes unduly . 
high due to depletion of more permeable strata 
adjacent less permeable recoverable oil-bearing 
strata, the depleted more permeable strata are 
so selectively sealed or their conductivity is so re 
duced that when injection of driving fluld ls re 
surned a greater proportion of the driving fluid 
will flow through the non-depleted oil-producing 
strata. Further, the seal provided is such that 
the pressure under which the pressure fluid is in 
jected into the wells may be appreciably in 
creased without increasing the driving fluid oil 
ratio. Thus, the rate of oil production from re 
maining tighter Cless permeable) oll-producing 
sands is increased. 
The problems involved in selectively sealing 

sand strata located hundreds of feet below the 
surface of the ground are difficult. Methods of 
selective sealing utilizing the relative positions of 
the adjacent depleted and non-depleted strata 
and their respective depths below the ground 
surface are relatively unsatisfactory where the 
wells are deep and possibilities of error in the 
depth measurements are increased. Yet the se 
lectivity of the sealing is necessary to prevent 
sealing of producing strata. Also, to offset the 
necessity for successive treatments the dam 
formed by the sealing process must be permanent 
and able to withstand high pressures when the 
fluid drive is carried out at such high pressures. 
Another characteristic of the well that makes 

selective sealing of the strata difficult is that the 
walls of the well exposed to the producing strata 
are 'shot" by setting of a high explosive which 
ruptures, breaks, and produces fissures in the 
sand extending undeterminable distances in from 
the well hole proper and also increasing the ef 
fective diameter of parts of the well hole unde 
terminable announts. 
In the present embodiment of the invention 

these problems are solved by injecting into the 
input well a solution of a precipitatable material 
which is caused to flow preferentially into the 
pores of the more permeable strata and by a 
subsequent and controlled chemical action the 
precipitatable material is precipitated from the 
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solution in the pores to decrease the conductivity 
of the strata into which the solution is flowed. 
The precipitation is accomplished by injecting 
into the pores of the solution-containing depleted 
stratum under controlled conditions a chemically 
active material capable of yielding a reagent or 
ion which reacts to precipitate the precipitatable 
material from the solution in the pores of the 
depleted stratum. The chemically active mate 
rial and precipitatable material and their con 
centrations are so chosen that the precipitate 
is formed at a relatively slow rate. 
More specifically, an alkaline sodium silicate 

solution is first flowed into the input well in such 
manner that it selectively enters the pores of the 
depleted more permeable strata and the alkalin 
ity of the solution is then gradually reduced 
to cause a water insoluble gelatinous precipitate 
containing SiO2 to form slowly in the pores. In 
the present embodiment the alkalinity of the so 
lution is reduced by a reagent that is in effect a 
weak acid and so only slowly yields hydrogen 
ions to bring about the precipitation. Carbonic 
acid is satisfactory and the process is carried out 
by flowing carbon dioxide gas into the well in 
such manner that the gas selectively enters the 
pores which have already been penetrated by the 
solution. The carbon dioxide dissolves in the so 
lution to form carbonic acid and to reduce the 
alkalinity of the solution. The dissolving action 
is increased by the alkalinity of the solution, by 
the pressure under which it is introduced and 
by the very large exposed surface of the solution 
in the pores exposed to the well hole. 
Sonetime after the carbon dioxide has dis 

solved the precipitate starts forming in the form 
of a gel having a viscosity far greater than that 
of water-so great that even when subjected to a 
high pressure drop across the gel in the pores it 
does not move or migrate through the pores be 
cause of its high viscosity. The effect of placing 
in the pores a gel which, although having a small 
tensile strength, has a high viscosity, is shown by 
the equation of Darcy's law, which is as follows: 

o-KACEP) 
where 
Q=flow in unit volume per undt of time 
R=Darcy's constant (permeability) 
As unit area 
Pi-Pa=pressure drop along unit distance 
u-coefficient of viscosity 
L=length 
Whereas the relative viscosity of water in centi 
polises may be considered as unity, the viscosity 
of the gel in centipoises would be in the order of 
millions. Thus, since the flow through the sand 
varies directly with the pressure drop across it 
and inversely with the coefficient of viscosity, by 
making the coefficient of viscosity very large the 
flow through may be made negligible. Thus, the 
gel acts as a dam and is as effective as though 
it were rigid. 
With regard to the question of the concentra 

tion of the alkaline sodium silicate solution that 
is introduced, the following factors, among others, 
require consideration. The more concentrated 
the Solution the more viscous the gel subsequent 
ly formed from it, and therefore a concentration 
is picked sufficiently high to obtain a sufficiently 
Viscous gel. But the concentration of the solu 
tion is kept low enough that the viscosity of the 
Solution as it is introduced is not so high as to 
require too high a pressure to force it into the 
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4 
pores of the more permeable strata. In this con 
nection, however, it is noted that the viscosity 
of the solution being higher than that of water 
has a greater selectivity to enter the more per 
meable pores of the strata under a given pressure 
than would a less viscous liquid because the high 
er the viscosity of a liquid the more sensitive it 
is to differences in permeability. 

But since it is desirable to have the gel form 
in the pores to some depth from the exposed sur 
face of the sand the concentration of the solu 
tion is also kept sufficiently low that the forma 
tion of the gel by the carbon dioxide treatment is 
retarded. If the concentration is increased be 
yond a certain point the gel may so form near 
or at the surface at which the carbon dioxide is 
introduced as to prevent penetration of the car 
bon dioxide into the solution in the pores fur 
ther removed from the exposed surface of the sand. 
For the same reason the medium or chemical 

used to bring about the gelling action is selected 
to cause the gelling to take place slowly. Carbon 
dioxide has such a favorable action because in 
dissolving in the solution the acid radical that 
it yields can develop only to a limited concentra 
tion. Thus, since the carbon dioxide gas is read 
ily soluble in the solution, and since the acid that 
it yields is relatively weak, it permits the gelling 
reaction to take place at the desired slow rate. 
One solution which gives satisfactory results 

has approximately the following composition: 
Per cent 

Na2O ----------------------------------- 39 
SiO2 ----------------------------------- 25 
HaO------------------------------------ 98.36 
To give a more complete picture of the way in 

which the method of the present invention may 
be carried out, reference will be made to the ac 
companying drawing which illustrates diagram 
matically apparatus capable of carrying out the 
method outlined above. 

In the drawing, 
Figure 1 shows an arrangement of apparatus 

for supplying the solution to the oil-bearing 
strata; and 

Figure 2 shows an arrangement of apparatus 
for supplying the chemically active gas to the 
oil-bearing strata. 

Referring to the drawing, and particularly to 
Figure 1, the numeral f indicates a water input 
well which extends from the surface 5 of the 
ground to oil-bearing strata 2, 3 and 4. As sug 
gested above, a number of these input wells are 
usually drilled around a producing or output well 
at spaced intervals approximately equidistant 
from the output well. Each of the input wells f 
is provided with a pipe line 6 extending from 
the surface of the ground through a packer T to 
the oil-bearing strata. Driving fluid such as Wa 
ter is pumped into the well and is caused to flow 
out only into the strata 2, 3 and 4 by the presence 
of the packer which may be of any desired type 
and which prevents the water from passing up 
wardly through the input well. 
The water from a suitable source (not shown) 

is infected into the well through a branch line 
8 and flows through the pipe 6 into the strata 2, 
3 and 4, forcing oil therein towards the producing 
well from which the entering oil and water is 
taken either by pumping or by flow under the in 
petus of the fluid drive. The rate of flow of wa 
ter is measured by a water meter 9 and is regu 
lated by valve f. 
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Stratum 2 is represented in the drawing as 
being the more permeable, and hence as the 
Water flooding operation proceeds this stratun 
will be depleted of recovable oil before the strata 
and 4 are depleted. Since the viscosity of wa- 5 

ter is less than that of oil, the rate of flow of water 
through the stratum 2 increases as the stratum is 
depleted of recoverable oil and the ratio of driv 
ing fluid to oil produced may increase to an un 
economical point. . 

In accordance with one embodiment of the 
method of the present invention, when stratum 
2 is thus depleted, as indicated by a substantial 
increase in the water-oil ratio of the fluid pro 
duced at the producing well, the well is treated 15 
in the following manner. The supply of water is 
shut off. A tank 3 containing a measured quan 
tity of sodium silicate solution is connected to 
line and the solution is caused to flow into the 
well. Tank 3 may be provided as shown with 20 
a vent valve 4, pressure gage 5, air supply line 
l, and air control valve 7. 
The solution normally flows under hydrostatic 

pressure down through the pipe 6 and the hydro 
static pressure may be lower than the pressure 25 
of the water drive under which the Well had 
been operating. Thus, the solution forced down 
has a selective tendency to enter only the more 
permeable strata under the reduced pressure at 
which it is introduced. As above pointed out, this 30 
selectivity is further enhanced by the fact that 
the viscosity of the solution is greater than that 
of water. 
Whereas in most cases the hydrostatic pres 

sure of the fluid provides sufficient head to force 35 
the solution into the more permeable strata, when 
such hydrostatic pressure is not sufficient it may 
be aided by supplying air under pressure to the 
tank through the line 6 and controlling such air 
flow to obtain the desired rate of flow of the 0. 
solution into the well to maintain the selectivity 
as above described. 
The quantity of solution used is sufficient to fill 

the pores of the stratum to a desired distance 
from the well hole to obtain the desired plug- 45 
ging. One of the factors influencing the quantity 
of solution used is the thickness of the strata to 
be sealed. The thickness of the strata may have 
been at least roughly determined by core analyses 
made during the drilling of the well or of a well 50 
in the area of the well being treated. 

After the solution has been introduced the pipe 
is cleared of solution by forcing air there 

through and the level of Solution is forced down 
to just below the more permeable strata, which 55 
in the present disclosure is stratum 2. Pipe 6 
is disconnected from branch line 8 at, for exan 
ple, union B. As shown in Figure 2, a pipe 9 
of smaller diameter than the plpe 6 and pro 
vided with a packer 20 is inserted within the pipe 60 
6. Carbon dioxide gas is then forced through 
the pipe 9 into the stratum 2 to precipitate the 
precipita table material of the Solution. The ad 
vantages of using the inner, Smaller pipe are two 
fold, since the volume of the inner pipe is snall 65 
there will be relatively little dilution by air of 
the chemically active gas as it passes through 
the pipe. Furthermore, the inner pipe prevents 
the gas from coming in contact with residual 
solution which adheres to the inner surface of 70 
the pipe 6 and so avoids the for nation of quan 
titles of precipitate in the pipe 6 which might be 
later flushed into the well to clog the pores of 
the faces of the strata 3 and 4 when water injec 
tion is resumed. 

O 

75 

6 
It has been found desirable to supply the gas 

to the input well at a relatively low rate. 
one case where satisfactory results were obtained, 
gas was supplied at the rate of 160 cubic feet per 
hour (based on atmospheric pressure) over a 
period of ten hours. Such a slow rate not only 
makes the gas flow more selective but also per 
mits it to seep through and dissolve in the solu 
tion in the pores and to penetrate the pores with 
out driving the solution ahead of it. 

Using such a dilute solution of sodium silicate 
forms a gel that has a sufficiently high viscosity 
so that the dam formed is substantially perma 
nent, and has an advantage that the time for 
gelling varies with the variation in the alkalinity 
(the pH) so long as the pH is above or below a 
narrow range. Thus, as the pH is reduced by the 
absorption of the CO2 gas, the setting time for 
the gelling is correspondingly reduced. In the 
narrow range the change of pH causes pract 
cally no change in the setting time of the ge. 
Below this narrow range, as the pH is further 
reduced, the setting time correspondingly de 
creases. 
With higher concentrations of sodium silicate 

the range above-mentioned is wider and in this 
range variation of the pH does not vary the set 
ting time of the gel. Above this wide range 
there is a narrow range of pH in which a rela 
tively small change in pH causes a relatively large 
change in setting time, and above this latter 
range variation in the pH has no effect upon the 
setting time. 
Another advantage of using such a dilute so 

dum silicate solution is that as the pH of the 
solution in the pores is reduced to bring about 
the gelling action relatively little change in the 
viscosity of the solution takes place during the 
early stages of the gelling action, after which 
the gelling action proceeds at a relatively, rapid 
rate. In more concentrated solutions, however, 
as the pH is reduced to bring about gelling action 
the viscosity of the solution starts increasing 
almost simultaneously with the reduction of the 
pH. In other words, with the concentrated solu 
tions the viscosity is more nearly a linear func 
tion of time. Thus, by using such a dilute solus 
tion of sodium silicate and avoiding increase in 
viscosity of the solution as the CO2 gas is flowed 
into the solution in the pores, the penetration, 
dissolving and diffusion of the CO2 throughout 
the solution in the pores is improved. 
The solution treatment leaves a liquid body 

2 of the solution in the pit of the well. To 
prevent the incoming gas from forming a pre 
cipitate with the liquid body 2, which precipi 
tate might later be deposited on the faces of the 
non-depleted strata 3 and 4 or even fill the well 
hole with the precipitate and prevent flow of 
flooding water thereinto, a strong alkali may be 
injected into the liquid body 2 to render the 
solution so alkaline that no precipitate will re 
main in it. The alkaline treatment may be 
carried out by dropping sticks of sodium hy 
droxide into the pit containing the liquid body 2. 

After the gas treatment and caustic treat 
ment, a period of time is allowed to permit the 
precipitation to complete itself and the precipi 
tate to set before the fluid drive is resumed. A 
period of sixty hours was permitted to elapse in 
the present example after gas treatment in order 
to make sure that the reaction was complete 
before resurning water injection. The optin lin 
rate of gas supply and the time required for 
completing the reaction will, of course, vary 
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with the type of reagent used, the concentration 
of the solution used, and the type of formation 
to which the solution is supplied. 
The use of a gaseous precipitating medium 

having inherently a much lower viscosity than a 
liquid medium insures penetration of the pre 
cipitating agent into the pores so that the pre 
cipitation is caused to take place throughout 
the solution. 
As above noted the concentration of the treat 

ing solution is preferably such that the viscosity 
of the solution is kept relatively low so that it 
readly enters the permeable strata under the 
relatively low pressure used. Also it is kept. 
suficiently low that the reaction rate between 
the solution and the subsequently dissolved gas 
is - so slow that it does not interfere with the 
absorption of the gas and the migration of the 
dissolved gas to the solution farthest from the 
well hole. This permits the subsequent pre 
cipitation to take place throughout the solution 
in the pores. Yet the concentration is kept suffi 
ciently high to form within the pores a gel that 
has a high enough viscosity to provide a perma 
nent seal, i. e. one which will not break under 
a high pressure fluid drive if such is used. 
Other materials than sodium silicate that may 

be used in carrying out the method of the present 
invention are, for example, solutions of alumi 
nates and titanium salts. The kind of gas used 
will depend upon the nature of the solute used 
in the impregnating solution. If the solute used 
depends for its solubility upon the alkalinity of 
the solution, as sodium silicate does, then an acid 
forming gas may be used, such as carbon dioxide 
illustratively mentioned above, or one of the 
oxides of sulphur, or the hydrogen halides, H2S, 
or the oxides of nitrogen. Where the mainte 
nance of the precipitatable material in solution 
depends upon factors other than alkalinity, other 
appropriate precipitant gases would be used. 

Referring now to another embodiment of the 
method of the invention by which the use of the 
inner pipe f9 for the introduction of the gas is 
eliminated, the solution is introduced in several 
stages and the gas treatment is likewise made 
in several stages. Thus, after a part of the solu 
tion has been introduced through pipe line 6, it is 
immediately followed by a COa treatment, which 
forces solution remaining in line 6 into the pores 
nd then itself enters the solution in the pores. 
en another portion of the solution is flowed 

in, \forcing ahead of it the solution previously 
introduced and gas treated. Then follows a sec 
ond gas treatment. These treatments are re 
peated as desired and follow one another at 
sufficiently short intervals that the gel does not 
form until after the last treatment. After the 
last gas treatment, the solution with the dissolved 
gas is allowed to stand as above described until 
the seal is complete. 
The following example is given of the manner 

in which the above procedure may be carried out 
on a water intake well where twenty-three barrels 
of the solution were estimated as the correct 
quantity: The supply of flooding water to the 
intake well is turned of. The tank 3 is then 
connected up to the line 6 and fourteen barrels 
of the Solution are allowed to flow in under hy - 
drostatic pressure. This first batch of solution 
sweeps the flooding water from the line 6 and 
flushes it out of the pores of the oil depleted per 
meable strata and fills the pores around the 
well hole full of undiluted Solution. With this 
first step that part of the solution diluted by the 
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8 
flooding water in the well at the start of the 
treatment may be ineffective but the amount of 
Solution used for the first step is large enough 
to leave undiluted solution in the well and pores 
immediately adjacent the well hole. 
Two hundred pounds of CO2 may now be in 

troduced at a slow rate, forcing the solution left 
in the line 6 into the pores and subsequently itself 
dissolving in the solution in the pores. The re 
maining nine of the twenty-three barrels of so 
lution are now introduced in two treatments of 
4.5 barrels each, and each followed by 200 pounds 
of CO2 as described. After the last CO2 treat 
ment, sodium hydroxide sticks are dropped into 
the well hole to render the Solution in the well 
hole so alkaline as to prevent any subsequent 
precipitation in the well hole during the time 
allowed for the pre tipitation to take place in 
the pores. 
An advantage of this embodiment is that the 

solution and gas are mixed in sections and the 
gas does not have to diffuse through the so 
lution to reach the solution farthest from the 
Well hole. 
The method of the invention may also be used 

to selectively seal the more permeable non-oil 
producing strata of sands from which oil has 
been produced by means of a gas (air) drive. 
But in instances where the more permeable strata 
of gas intake wells are sealed the procedure is 
modified so that when the gas drive is resumed 
there is no chance for any of the Solution to 
enter the remaining oil-producing strata. This 
precaution is taken because water in the presence 
of the gas drive acts to seal or plug the sand. 

In practising the invention on a gas intake 
well, therefore, in accordance with one embodi 
ment of the invention, after the gas input has 
been shut off and before the Sodium silicate so 
lution is injected, an organic liquid is introduced 
into the well approximately to the level of the 
loose or oil depleted sand. This liquid preferably 
has a specific gravity higher than that of the 
aqueous silicate solution, is immiscible with wa 
ter and has a vapor pressure sufficiently high at 
well temperature so that evaporation can take 
place. One liquid satisfactory for performithg 
this function is carbon tetrachloride or a mix 
ture of carbon tetrachloride and gasoline. 

After this liquid is injected into the well the 
SOdiurn slicate-carbon dioxide treatment is car 
ried out as above described. After the reaction 
period has passed and the seal formation is com 
pleted the excess liquid in the well is driven off. 
This excess consists predominantly of the pro 
tecting liquid initially introduced. 
The protecting liquid having a specific grav 

ity heavier than that of the solution serves to 
prevent the sodium silicate solution from pene 
trating the well below the level of the loose sand 
which is intended to be plugged and the immis 
clbility of the solution with the protecting liquid 
also serves this purpose. 
The use of a protecting liquid having a high 

vapor pressure permits evaporation of any liq 
uld remaining after the well is pumped so that 
after the gas repressuring is resumed, any liq 
uld remaining would cause no permanent plugging 
as, for example, water might. 
When injection of water. to the inlet well is 

resumed, the water-oil ratio at the producing 
well is substantially reduced and oil production 
by flooding is again economically feasible. Also 
the pressure under which the fluid drive is oper 




