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The present invention relates to the recovery of hydro 
carbons from an underground reservoir thereof. More 
particularly, it is concerned with a method for improving 
the efficiency of oil recovery by ?uid drive techniques in 
volving the use of a hydrocarbon solvent. 

Brie?y stated, my invention comprises placing an initial 
water bank ahead of the solvent employed in a secondary 
recovery process for the purpose of stabilizing the solvent 
bank employed in said process. 

Miscible ?uid and other types of drives involving the 
use of a leading bank of hydrocarbon solvent have long 
been regarded as the simplest methods to obtain displace 
ment e?iciencies signi?cantly higher than those charac 
teristic of conventional water ?ooding. One of the draw 
backs of such procedures, however, has been the adverse 
mobility ratios typical of miscible ?uid drives which re 
sult in low areal sweep e?iciencies. Generally speaking, 
the lower areal sweep efficiency, larger investment and 
larger operating costs of the various miscible ?uid drive 
processes have made them less attractive in ?eld applica 
tions than ordinary water ?ooding. 

It is known that the areal sweep e?iciency at break 
through obtained in a given type of displacement can be 
correlated with the mobility ratio, and numerous sugges~ 
tions have been made for the purpose of improving such 
ratio which, in turn, meant an improvement in the areal 
sweep efficiency. One possibility was the simultaneous 
injection of gas and water as the driving phase behind a 
miscible zone. Also, the simultaneous injection of solvent 
and water behind the miscible zone has been suggested 
to improve areal sweep efficiency. Neither of these meth 
ods, however, has met with unquali?ed success. 
One of the chief di?iculties in the use of the miscible 

?uid technique results from the tendency of the solvent 
bank to extend itself into long streaks or ?ngers near the 
injection well bore. This tendency is accentuated as the 
bank of solvent travels through the formation toward the 
producing well and, accordingly, directly in?uences the 
amount of recovery at breakthrough of the solvent. 

Accordingly, it is an object of my invention to provide 
means for improving displacement of ?uids through a 
reservoir by stabilization of the solvent bank employed in 
a miscible ?uid type of drive. It is another object of 
my invention to provide a means for stabilizing said bank 
where the latter is being forced through a reservoir by 
means of a drive agent that may consist of a single ?uid 
or a gas and a liquid, and wherein such gas and liquid are 
being injected alternately or simultaneously into the res 
ervoir. It is still another object of my invention to provide 
a method for increasing oil recovery at breakthrough of 
solvent into the producing well or wells. It is a further 
object of my invention to improve oil recovery in miscible 
?uid drive procedures, particularly where such methods 
as used in reservoirs that are highly strati?ed or have large 
variations in areal permeability. 

I have now discovered that increased oil recovery 
through the use of a miscible ?uid drive, for example, can 
be effected by injecting a water bank into the formation 
in the vicinity of the injection well prior to the introduc 
tion of the solvent bank which, in turnkmayvbadriven by 
ggszor by alternate or simultaneous injection of water and 
gas or solvent slugs. This initially injected water bank 
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inhibits the tendency of the solvent (oil-miscible phase) 
to ?nger and produce a highly unstable or nonuniform 
front, particularly near the injection well bore where this 
tendency is most detrimental to a good areal sweep e?i 
ciency. 
When a less mobile Water bank is injected initially, a 

substantially uniform front is formed. Subsequent in 
jection of the miscible phase ‘(oil solvent) causes-?nge-r-like 
streaks of solvent to extend throughout the water bank. 
However, when the immiscible, more‘ mobile solvent 
phase has completely penetrated the Water bank and has 
moved ahead, it tends to distribute itself more uniformly 
in front of said bank.‘ The drive agent made up-for 
example-of alternate slugs of solvent and water, or sol 
vent and gas, subsequently injected is thus led by a more 
uniformly distributed miscible zone. This, in turn, re 
sults in an increased recovery efficiency at breakthrough 
due to an improved areal sweep efficiency. 
A secondary bene?t from the method of my invention 

results in those reservoirs having a large variation in 
horizontal permeability throughout the pay section. This 
is true because the initial water bank tends to penetrate 
farthest into sections with highest permeability. During 
subsequent injection of the miscible phase, these sections 
do not appear in the general ?ooding pattern as nonuni 
form to the miscible phase owing to the relatively higher 
penetration of water into said sections. 
By applying my invention to a solvent recovery method 

of the type referred to above, solvent breakthrough can 
be delayed, resulting in a very substantial oil recovery at 
this stage of the process over that experienced when using 
conventional methods. Moreover, the ultimate recovery, 
i.e., the point at which the water-oil ratios become uneco 
nomic, obtainable by the use of my invention is substan 
tially greater than is possible by said conventional meth 
ods. In this connection, it is desirable to delay break 
through of solvent and drive ?uid because of: (1) the dif 
?culty in handling larger volumes of produced gas (where 
gas is used, either alone or in combination with another 
?uid as the drive agent) and possible restrictions on oil 
production at high gas-oil ratios; (2) the loss of gas and 
solvent from the reservoir which otherwise might further 
sustain the miscible front and ultimately be trapped in 
pore spaces that ordinarily would be occupied by oil. 

In my invention I have taught that the increase in re— 
covery on solvent breakthrough, under the conditions I 
have investigated, amounts, on the average, to about 10 
percent of the hydrocarbon pore volume (hereinafter 
referred to as HCPV) when an initial water bank is em 
ployed. Thus, in solvent ?ooding operations where no 
initial water bank was used, the average oil recovery at 
solvent breakthrough was found to be 31.6 percent of the 
HCPV, whereas the average recovery at solvent break 
through when my invention was used amounted to 41.5 
percent of the HCPV. In these cases, the solvent bank 
was forced through the reservoir by alternately injected 
solvent and water plugs. In two additional tests, using 
initial water banks, oil recoveries of 42.7 and 56.0 per 
cent were experienced for an alternate solvent-water ?ood. 
Breakthrough recovery for alternate use of solvent-water 
slugs where solvent was injected initially, i.e., not preceded 
by a water bank, was found to be the same as for an or 
dinary solvent drive which gave 30 percent oil recovery 
at breakthrough. Thus, it is seen that through use of an 
initial water bank the recovery at breakthrough perform 
ance can be improved by values of from 12.7 to 26.0 per 
cent of the HCPV. 
The size of the initial water bank may vary widely and 

still be effective in producing the phenomenon taught 
therein. In most instances, the water employed in the 
initial bank may vary from about 1 to about 10 percent 
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of the HCPV, typically from about 2 to about 5 percent. 
The amount of solvent needed, likewise, may vary. 

However, in general, the quantity used in carrying out the 
process of my invention may be the same as that employed 
in a miscible‘ ?uid drive, as now known in the art.‘ In 
case the drive agent comprises alternate slugs of solvent 
and water, the solvent-water ratio may vary from about 
1:5 to about 2:1. Solvents used in the miscible drive 
method generally vary in quantity from about 1 to about 
15 percent of the HCPV, typically from about 5 to about 
10 percent. The solvents employed may be any of several 
wellknown materials that are substantially immiscible with 
water, such as-for example—propane, butane, kerosene, 
gasoline, LPG, and the like. Reservoir conditions, of 
course, should be such that the solvents is maintained in 
the liquid phase while the drive agent may or may not be 
in the same phase as is described in detail in copending 
application U.S. Serial No. 293,544, ?led June 14, 1952, 
by R. A. Morse. 
My invention is further illustrated by reference to the 

series of tests described below. In this work, two wells 
extending into the oil-bearing sand were employed. With 
one group of tests, an initial water bank was injected 
into the pay, followed by a solvent bank which, in turn, 
was followed by alternate injection of a solvent and water. 
In another series of trials, the conditions were the same 
as those just mentioned except the initial water bank was 
omitted. A miscible ?uid drive and an ordinary water 
?ood were also carried out, as will be seen from the table 
below. The tests reported herein were all conducted in 
models representing one-eighth of a ?ve-spot pattern. 
These models were prepared as follows: A block of bond— 
ed silica ?lter media, referred to in the trade as “Filtros,” 
Was cut to the desired dimension. Next, a thin coating 
Armstrong X-85 epoxy resin was applied to the rock seal 
ing all surfaces. Penetration was held to a minimum be 
cause this is one of the most viscous resins available. 
After the ?rst coat of resin had cured, a second, thicker 
coat was applied to provide strength and to cover any 
small areas not sealed completely by the ?rst coat. Well 
bores were cut into the model by cutting through the layer 
of resin into the rock phase With a small saw blade. Plas 
tic cylinders which were milled and tapped to provide for 
?ttings were then attached to the model over the well 
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In Tests 1 to 3, the solvent consisted of 62 percent tri 

chloroethane and 38 percent heptane; the water phase was 
a 50:50 mixture of glycerine and distilled water, and the 
oil phase was made up of 45 percent mineral oil and 55 
percent trichloroethane. In Tests 4 to 9, inclusive, the 
model was treated with n-Octylamine to make it oil-wet. 
However, for the tests the ?uid system was inverted 
(water phase represented oil and vice versa) and the data 
are reported such that they represent a water-wet sys 
tem. This procedure was used to insure that wettability 
would remain consistent during the tests. The solvent 
phase in these tests consisted of distilled water, the water 
phase was composed of 67 percent mineral oil and 33 
percent trichloroethane, and the oil phase contained 57 
percent glycerine and 43 percent water. Where alternate 
injection of water and solvent was used, the duration of a 
speci?c pair of injection cycles (water and solvent) corre 
sponded approximately in minutes to the water-solvent 
ratio shown in the table. In other words, an injection 
ratio of 5 parts water to 1 part solvent would require about 
5 minutes for water injection and 1 minute for injection 
of solvent. 

In these tests, the model was evacuated and saturated 
with the in-place ?uid. The driving ?uid was injected into 
the desired well by a “Zenith” constant rate pump. The 
produced ?uid was collected incrementally and analyzed 
for composition. After completion of the tests, the in 
place ?uid was injected until the model was again satur 
ated with this phase. 

In those tests where immiscible ?uids were used, the 
following steps were taken: The model was initially sat 
urated with the wetting phase, water; the desired in-place 
oil phase was then injected until any remaining water was 
immobile. Resaturation after a test in these models usual 
ly was accomplished by again injecting the oil phase unitl 
all mobile water and any other ?uids present had been 
removed. 

In the alternate injection tests, two Zenith pumps were 
used alternately for ?uid injection at a constant rate. 
The production here also was usually collected and ana 
lyzed incrementally. Differential pressure across the 
model was recorded automatically during all tests and 
furnished the most exact indication of breakthrough. 

bores to permit ?ow lines and valves to be installed. 45 The results obtained are shown in the table below. 

Table 

Oil Phase Water Phase Solvent Phase Mobility Ratio M?bllity 
atio 

Test Type of test , _ _ , Calculated 
Number Vis- Density Vis- Denslty, V1S- Density, Water Solvent Alternate 

cosity, g./ee. cosity, gJcc. cosity g./ec. Flood Drive Solvent 
ep- CP- 0P- Water 

Alternate Solvent-Water (Initial Water 4. 84 1. 075 6. 36 1. 136 . 572 1. 084 . 408 8. 46 _ 447 
Bank . 

Misciblg Drive ______________________ __ 4. 84 l. 07 5 6. 36 1. 136 . 572 1. 084 . 426 8. 46 ____________ __ 
Alternate Solvent-Water (Initial Water 4. 84 1. 075 6. 36 1. 136 . 572 1. 084 . 426 8. 46 _ 473 
B nk . 

Misgiblg Drive ______________________ __ 9. 1 1. 157 9. 8 1. 014 . 89 1. 000 . 492 10. 2 ____________ __ 
Alternate S01vent-Water__ 9. 1 1. 157 10. 0 1. 014 . 89 1. 000 . 485 10. 2 _ 542 
_____dn 8. 8 1.157 10. 0 1.012 . 89 1.000 . 461 9. 9 _ 531 
Water Flood 8. 65 l. 157 10. 3 1. 008 . 89 l. 000 . 441 9. 7 ____________ __ 
Alternate Solvent-Water (Initial Water 8. 65 1. 157 10. 6 1. 004 . 89 1. 000 . 433 9. 7 _ 502 
Bank . 

9_ _____rln ) 8.65 1.157 10.9 1. 000 .89 1.000 . 422 9.7 .545 

Alternate Slug Size Recovery 
Perme- Connate Injection Initial _ _ _ _ Percent HCPV Percent HCPV 

Test ability, Rate, Water V Ratjigml Blzénk Sizte, Flllltigllllillllllal 
D s cc. D111. Saturation, \ ater 0 v. ereen a1 

Number arcy / 1 Percent HCPV Water Solvent At or A1; WBT 

9 . 224 5/1 9. 00 1. 80 
9 . 244 _ __ __ 

9 . 244 4/1 7. 2 1. 80 
12 . 24 _ ____ _ 

12 . 24 4/1 4. 87 1. 22 , 
12 _ 232 3/1 3. 65 1. 22 _ 
12 . 23 .-- - 55. 8 
12 . 23 3/1 7. 3 Water _________ -_ 3. 65 1. 22 43. 9 65, 3 
12 . 232 3/2 7. 3 ___-_do _________ -_ 3. 65 2. 44 39.1 79. 5 
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The advantages resulting from the use of an initial 
water bank ahead of a solvent bank in a miscible ?uid 
or solvent drive are apparent from the above table. 
Thus, in Tests Nos. 1, 3, 8 and 9, higher oil recoveries 
at solvent and at water breakthrough were secured than 
in any of the other trials employing conventional methods 
without the use of an initial water bank. For example, 
a comparison of the results in Tests Nos. 1 and 2 shows 
that an increase of almost 100 percent in oil recovery 
at solvent breakthrough was experienced when an initial 
water bank was employed over the recovery obtained 
without the use of such bank. There is no reason to 
believe that such advantage would not carry through and 
be shown to about the same extent in terms of ultimate 
oil recovery. 

It will be apparent that the principle of my invention 
is applicable to a wide variety of solvent oil recovery 
systems and that the medium driving the solvent bank 
through the reservoir has very little, if any, effect on 
the in?uence of the initial water vbank and the tendency 
of the latter to stabilize or deaccentuate the streaking or 
?ngering tendency of the solvent. Thus, such drive 
agents may be gas, mixtures of gas and water, or aqueous 
solutions of materials substantially immiscible with oil. 
Accordingly, the expression “drive agent” is intended to 
include such ?uid systems or mixtures thereof. Also, as 
used in the present description and claims, the term 
“Water” is intended to include aqueous systems having 
essentially the same characteristics as water under the 
conditions of use contemplated herein. 

I claim: 
1. In a method of recovering crude oil from a hydro 
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carbon-containing, Water-wet reservoir having a producing 
nwcllwandaaninjection Well extending into said reservoir, 

the improvement which comprises ?rst injecting water 
into said reservoir through said injection well in an 
amount su?‘icient to form a bank or front of liquid 
water of relatively low mobility in the neighborhood 
of said injection well, the amount of injected water 
not exceeding 10 percent of the hydrocarbon pore 
volume of said reservoir,—“" """"""""""" ‘M’ 

thereafter injecting into said reservoir via said injec 
tion well a normally gaseous hydrocarbon solvent 
for said oil in an amount su?icient and under con 
ditions adequate to form a liquid solvent bank con 
tiguous to said water bank, 
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6 
next injecting into said reservoir via said injection well 

a ?uid drive agent at a pressure sufficient to cause 
...?llgé£:lili§_§tl@él<s..£19m..§.%Qd.§9bl§tlt 
throughout said water bank and to thereafter emerge 

Miriam §§1.l_d.._YV.%l§.r-b§I11$.lkihlldl?qwp of .8314, Proli 
ing well whereby said solvent tends to ‘distribute 
itself in a more uniform bank at the leading edge of 
the water bank, 

continuing the introduction of said agent via said 
injection well under the aforesaid conditions to drive 
said solvent #bank through said reservoir and toward 
said producing well, and 

withdrawing crude oil from said producing well. 
2. The process of claim 1 in which said drive agent 

is composed of alternate slugs of gas and water. 
3. The process of claim 2 in which the ratio of water 

to gas employed as the drive agent ranges from about 
5:1 to about 1:2. 

4. The process of claim 1 in which said drivemagent ‘I 
is composed of alternate slugs of a hyglfgcarbopmsolyeggjl 
and water. 

5. The process of claim 1 in which said drive agent is 
water. 

6. The process of claim 1 in which said drive agent 
is gas. 

7. The process of claim 6 in which said gas is natural 
gas. 

8. The process of claim 6 in which said natural gas 
is injected at a pressure su?iciently high to form a single 
phase liquid transition zone between said solvent bank 
and said natural gas. 

9. The method of claim 1 in which the solvent is a 
hydrocarbon having from about 3 to about 5 carbon 
atoms. 4 

10. The process of claim 1 in which the solvent is 
LPG. 
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