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This invention relates to an improved method of re 
covering petroleum from subterranean reservoir forma 
tions using steam injection, and more particularly, to a 
method involving the use of a steam-distillable buffer to 
isolate the injected steam for the reservoir petroleum. 

It is well known that the primary recovery of petroleum, 
methods using the natural flow of the petroleum, can re 
cover only a small portion of the petroleum actually in 
the reservoir. In reservoir formations where natural flow 
will occur only about 30% or less of the actual petroleum 
in the reservoir is recovered. To recover additional pe 
troleum from such reservoir formations supplementary 
techniques must be used which are commonly referred to 
as secondary recovery methods. Of course, there are also 
reservoirs where the petroleum is too viscous to flow 
naturally and supplementary techniques must be employed 
initially to recover any petroleum, e.g., the tar sands. In 
both of these situations since the petroleum will not flow 
naturally it must be displaced from the formation, or the 
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Ko is the relative permeability of the reservoir toward the 

petroleum in the presence of connate water. 
It is apparent from the equation that when the displac 

ing fluid has the same viscosity as the displaced petroleum, 
the mobility ratio will approach unit and injected fluid 
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natural conditions modified so the petroleum will flow. 
Thus, these supplementary techniques usually employ 
either a displacing fluid which is forced into the reservoir 
to displace the petroleum or add thermal energy to the 
reservoir so the petroleum will flow out of the reservoir. 

Conventional displacing fluids are water, gases such 
as hydrocarbons, hydrocaron liquids and steam. Appli 
cations of these various displacing fluids have strikingly 
different results. For example, when using gaseous dis 
placing fluids the ultimate displacement of petroleum from 
the reservoir is increased approximately 20% of the orig 
inal petroleum in the reservoir and when water is used 
as the displacing fluid the petroleum recovery can be 
increased by 50% of the original petroleum in the reser 
voir. Further displacement increases can be accomplished 
with water floods if the water displacing medium has vis 
cosity-increasing agents contained therein. 
These findings support the studies which show that the 

efficiency of injected fluids in displacing petroleum from 
reservoir formations is directly related to the relative 
viscosities, and more properly the mobility ratio of the 
displacing and the displaced petroleum. This is most 
noticeable with respect to very viscous crudes, but remains 
a significant factor in virtually all supplementary recovery 
methods involving injected fluids to displace the residual 
petroleum from the reservoir. 
This relationship can be expressed mathematically by 

the following equation which shows the behavior of fluids 
flowing through porous media, such as petroleum-bearing 
reservoirs: 

Me 

wherein 

M is the mobility of the petroleum to the reservoir in 
question 

Mis the mobility of the flooding medium to the reservoir 
in question 

tuo is the viscosity of the driven petroleum 
ue is the viscosity of the flooding medium 
Ke is the relative permeability of the reservoir toward the 

flooding medium in the presence of residual petroleum 
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will tend to push the petroleum through the reservoir ahead 
of it. Thus, the displacing fluid will tend to drive the 
petroleum from the reservoir ahead of it as the former is 
injected. If the mobility ratio is approximately equal to 
unity, a markedly greater volume of petroleum will be 
displaced by the displacing fluid injected into the forma 
tion. Highly viscous displacing fluids give the desired re 
sults but they are often expensive and require consider 
able pressures to force them through the formation which 
may result in unwanted fractures or thief zones which 
offset their advantages. 
When using liquid displacing fluids, such as water, it is 

often the practice to add agents to increase the viscosity of 
the water to obtain a better mobility ratio and a more effi 
cient displacement. However, there is no ready solution 
on how to obtain improved mobility ratio when gases 
are used as the displacing fluid. Steam injection does lower 
the viscosities of the petroleum but, unless it vaporizes the 
petroleum, the mobility ratio is still unfavorable, even 
though additional petroleum is recovered. 
The general problem experienced when the mobility 

ratio is less than one is that the displacing fluid tends to . 
bypass substantial portions of the petroleum in the reser 
voir since the displacing fluid has a greater mobility in 
the reservoir and seeks paths or channels where there is 
the least resistance. Thus, when gaseous displacing fluids 
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are used the mobility ratio is unfavorable since the gases 
are highly mobile in the reservoir when compared to the 
petroleum. When petroleum is viscous, displacement via . 
gaseous displacing fluids is generally unsatisfactory. 
When steam is used as a displacing fluid, especially for 

viscous petroleum crudes, much of the petroleum is by 
passed even though the heat in steam lowers the viscosity 
of the petroleum and may distill off portions of it. While 
some recovery is effected by these factors, considerable 
petroleum remains in the reservoir, even after several 
pore volumes of steam have been injected. Since the steam 
is highly mobile relative to liquids in the reservoir, it will 
have an unfavorable mobility ratio, hence a low displace 
ment efficiency. 
Another problem with steam injection is that the steam 

contacting the reservoir petroleum tends to drive off the 
lighter hydrocarbon fractions dissolved in the petroleum 
leaving a more viscous petroleum residue which is very 
difficult to displace from the reservoir formation. This is 
especially true if the reservoir contains viscous crudes. 
The purpose of the present invention is to provide a 

method by which the displacement efficiency of injected 
steam can be improved, and a greater percentage of pe 
troleum can be recovered. This is done by injecting, as 
a slug ahead of the steam, a viscous, steam-distillable 
liquid. In this way a high displacement efficiency will be 
achieved by the slug and the slug will be moved through 
the formation by steam distillation. 
In its broadest aspect this invention contemplates the 

method of achieving efficient petroleum recovery from 
reservoirs penetrated by at least one injection well and at 
least one production well by first injecting through the 
injection well a slug of a viscous, steam-distillable liquid, 
subsequently injecting steam to force the slug and residual 
petroleum into the area of the production well, and col 
lecting the petroleum from the production well. 

Illustrated in the single accompanying figure is a vertical 
section of a formation having a petroleum producing 
reservoir which is penetrated by two spaced well bores 
and showing the reservoir divided into five zones to dia 



3,347,313 
3 

grammatically show the conditions in the reservoir at an 
intermediate point during the practice of this invention. 

It is through the use of viscous, steam-distillable buffer 
slug interposed between the reservoir petroleum and the 
injected steam that this invention can accomplish high 
displacement efficiencies. This is possible since the mo 
bility of the viscous slug is approximately the same as 
that of the petroleum, or put another way, their mobility 
ratio is almost unity. Because the slug is injected ahead 
of the steam, it isolates the petroleum from the hot steam 
and the slug efficiently displaces the petroleum as it 
moves through the reservoir, driven by the steam. The 
invention requires that the slug be steam-distillable, and 
it can be appreciated that when the steam is injected 
behind the slug it will flash-off (vaporize) the trailing 
edge of the viscous slug. When the trailing edge of the 
slug is vaporized, this vaporized slug portion will have 
high mobility and return to the slug proper releasing its 
latent heat when it recondenses in the cooler slug. It is 
through the technique of establishing two zones of where 
the mobility ratios are favorable for efficient displace 
ment that this invention is able to accomplish superior 
displacement of petroleum with steam drives. 
A greater understanding of the invention can be had 

by referring to the accompanying drawing showing a geo 
logical formation penetrated by two spaced wells. For 
convenience, one will be referred to as injection well 10 
and the other will be referred to as a production well 11. 
It should be appreciated that multiple injection wells and 
production wells could be used but it is not necessary to 
illustrate additional wells to describe the invention. Nor 
mally, the injection well 10 would be circumferentially 
ringed by production well 1, such as the 5 or 7 spot 
patterns, or some similar arrangement giving a like effect. 

In the drawing the injection well 10 is identical to 
production well 11 and they are spaced from one another 
so that fluids injected through the injection well 10 will 
pass through the formation to the production well 11 dis 
placing the petroleum in the reservoir formation ahead 
of the injected fluids. 
The borehole of both wells 10 and have casing strings 

12 which extend downwardly through a multilayered for 
mation 3 and penetrate petroleum-producing reservoir 
14. Reservoir 14 is shown sandwiched between over 
burden and underburden strata 13 having impermeable 
layers contiguous to it. Casing strings 12 are sealed in the 
reservoir at least to the extent of their vertical traverse 
of the reservoir 14 with a sealant 15 such as cement, and 
the strings and sealant are perforated with ports 6 in 
the area of the reservoir 14 to provide fluid communica 
tion between the inside of the casing strings 12 and the 
reservoir proper. 

Injection well 10 and production well 11 both have pipe 
Strings 17 extending downwardly into the casing strings 
12 to the vicinity of reservoir 14 and the annulus between 
the pipe strings and their respective casing strings is sealed 
near the top of the reservoir with packers 18. It is pref 
erable that the pipe strings 17 extend to the bottoms 19 of 
the respective casing strings and this is desirable in the 
production well 1 so the petroleum can be easily re 
covered therefrom. Generally, the pipe strings 17 will be 
secured to the top of the casing strings 12 at the wellhead 
with a gland 20 or some similar type arrangement. 

In the practice of the invention a slug of a viscous, 
steam-distillable liquid will be injected through injection 
well 10 and will, as indicated by arrows 21, travel down 
pipe string 17 into the lower portion of casing string 12, 
from which it moves out into the formation through ports 
16. After the buffer slug has been injected it is followed 
by the injection of steam which follows the same path as 
the slug. 
The reservoir 14 between the injection well 10 and pro 

duction well 1 is shown divided into five zones so that 
invention can be better understood. It is a representation 
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4. 
ly after the injection of steam has been commenced. 
Zone A represents a portion of the reservoir which has 
been traversed by the buffer slug, shown located in Zone 
C, and which is largely filled with steam, having been 
Stripped of petroleum by the passing of the slug. Zone 
B represents the steam buffer interface and it is at this 
interface where the hot steam distills the trailing edge of 
the buffer, converting it to a vapor which recondenses on 
the buffer side of the interface, giving up its latent heat 
to the slug. Since the steam and the vaporized buffer are 
both vapors they have a mobility ratio approximating 
unity allowing both to move through the formation with 
equal ease. 
The main portion of the buffer is shown in Zone C and 

because of its high viscosity and miscibility is able to 
force the petroleum ahead of it in a bank shown as Zone 
D. There is an excellent mobility ratio at the buffer pe 
troleum interface as the buffer is pushed through the 
reservoir by the steam which accounts for efficient dis 
placement of the residual petroleum of this invention. 
The petroleum bank in Zone D will drain into the pro 
duction well 11 through ports 16 and be recovered as 
indicated by arrows 22. Zone E merely represents the 
reservoir in its natural state or water flood residual. 

It should be appreciated that the buffer, which may be 
injected hot or cold, is actually heated by the steam and 
the latent heat of vaporized portions of the buffer when 
it condenses therein. This causes the buffer to act as a 
heat Source for the petroleum that it is displacing, which 
Will lower petroleum's viscosity making displacement 
easier, thereby enhancing recovery. 
By using the steam-distillable buffer slug it is possible 

to achieve the desirable mobility ratios in the reservoir 
System. When using steam so that use of the steam's thermal 
energy in the reservoir accomplished without sacrifice of 
efficient displacement of the petroleum in the reservoir. 

Obviously, the buffer slug acceptable in the practice of 
this invention must meet certain specific characteristics. 
The buffer will be a liquid and should have a viscosity 
close to that of the petroleum to be displaced. It is pre 
ferred that its viscosity be equal to or be greater than the 
petroleum to be displaced. In the case of very viscous 
crudes this will not be possible. The reason for this re 
quirement is to achieve the optimum displacement of the 
petroleum by obtaining optimum mobility ratios. 

Next, the buffer must be steam-distillable since this is 
imperative in the practice of this invention. It is im 
material if the viscous buffer is a single compound or a 
mixture as long as the buffer is more volatile than the 
reservoir petroleum. Further, the buffer must be miscible 
with the petroleum in the reservoir. When the viscosity of 
the buffer is about the same as the petroleum in the reser 
voir there will be little mixing of the buffer and the 
petroleum even though they are miscible. 
Some specific buffers which are useful in the practice 

of this invention are alcohols, organic acids, esters, amides, 
etc., having a viscosity at least substantially equal to the 
viscosity of the crude oil and it was found that size of 
the buffer slug injected ahead of the steam could vary 
from 5% to 10% of the petroleum in the reservoir by 
volume between the injection well and the production 
Well(s). Slugs about 1% of the petroleum to be displaced 
improved the recovery only slightly while slugs between 
5% and 10% demonstrated substantial improvement. 
Another advantage of the invention is that the steam 

injection can be continued until the slug itself is recovered 
from the reservoir and the buffer can thereafter be re 
cycled in another reservoir. However, it may be necessary 
to regenerate the buffer before it is recycled. 
The steam injected may be either saturated or unsatu 

rated and the only important criteria is that it have suffi 
'cient thermal energy to steam distill the trailing edge of 
the buffer slug. 

In the Specification a viscous buffer slug has been re 
of conditions after the slug has been injected and short- 75 ferred to and this terminology is used relative to the vis 
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cosity of the petroleum to be displaced by the slug. Actual 
ly, it is desirable that the slug have a viscosity close to 
that of the petroleum, that is not less than 75% of the 
viscosity of the petroleum to be displaced, and preferably 
about the same as the viscosity of the petroleum. A dis 
advantage of addition of a light volatile petroleum hydro 
carbon such as butane, pentane, hexane or a mixture of 
light hydrocarbons is that these more volatile hydro 
carbons will also be much less viscous than the heavy 
viscous hydrocarbons to be displaced, lowering the dis 
placement efficiencies. This will lead to fingering of the 
volatile solvent through the viscous hydrocarbons and 
the loss of the volatile slug, and its corresponding bene 
ficial effect on displacement. It should be appreciated that 
this is a matter of degree and not principle. 
The following experiments were conducted to illustrate 

the invention and are not intended to place any limitation 
thereon: 

Example I 
Unconsolidated sand packs having a permeability of 25 

darcies, a porosity of 36% and an initial water saturation 
of 22% were prepared. The test sand packs were confined 
in a container and saturated with normal hexadecane to 
simulate reservoir conditions. Octyl alcohol was used as 
the slug material and three different size slugs were used 
in three separate test packs. Slugs of 1%, 5% and 10% 
of the hexadecane saturation by volume of octyl alcohol 
were injected into these sand packs. In each case the buffer 
slug was followed by steam at 30 p.s.i.g. and a tempera 
ture of 274 F. 

In the pack having a 1% buffer slug no appreciable im 
provement over the use of steam alone was observed. 
Using the 5% buffer slug it was found that substantial 
improvement in the recovery of hexadecane was observed 
while recovery of the hexadecane in the pack having the 
10% buffer slug was not noticeably better than that of 
the pack with the 5% buffer slug. 

Example II 
A sand pack identical to those described above was 

Saturated with normal hexadecane also and a mineral oil 
having a viscosity approximately that of the octyl alco 
hol was used for the slug. This slug was a 5% slug and 
was not steam-distillable. It was followed by steam in 
jected at the same temperature and pressure as in Ex 
ample I. 

Data showed this slug breakthrough into the recovery 
zone after about 70% of the hexadecane had been re 
covered. When steam-distillable octyl alcohol was used 
under identical conditions (Example I) breakthrough of 
the slug did not occur until almost 95% of the hexa 
decane was swept from the sand pack. 
We claim as our invention: 
1. A method of recovering petroleum from subterra 

nean reservoirs using the injection of steam in which high 
displacement efficiencies of the petroleum are achieved 
comprising: 

(a). penetrating a petroleum-producing reservoir with 
at least one injection well and at least one production 
well spaced therefrom; 

(b) establishing fluid communication between each of 
said wells and said petroleum reservoir; 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

6 
(c) injecting through said injection well a slug of a 

steam-distillable buffer which is a viscous liquid mis 
cible with and more volatile than the petroleum in 
the reservoir having a viscosity of not less than 75% 
of the petroleum in the reservoir; 

(d) subsequently injecting through said injection well 
steam at a temperature sufficient to steam distill at 
least the trailing edge of said steam-distillable buf 
fer; and 

(e) recovering displaced petroleum from said reservoir 
through said production well as it is flowed into said 
well by said injection of steam. 

2. A method according to claim 1 in which the slug 
of the steam-distillable buffer is at least equal to 5% 
by volume of the petroleum to be displaced from the 
reservoir. 

3. A method according to claim 1 in which the steam 
distillable buffer has a viscosity essentially the same as 
the viscosity of the petroleum to be displaced and a 
boiling point below that of the petroleum. 

4. A method according to claim 1 in which the steam 
distillable buffer is a constant boiling azeotrope having 
a viscosity essentially the same as the petroleum in the 
reservoir and a boiling point below the boiling point of 
the petroleum in the reservoir. 

5. A method according to claim 1 in which the injec 
tion of steam is continued until a substantial portion of 
the slug of the steam-distillable viscous liquid buffer is 
recovered through the production well. 

6. A method of recovering petroleum from subterra 
nean reservoirs using injected steam in which high dis 
placement efficiencies are obtained comprising: 

(a) penetrating a petroleum producing reservoir with 
at least one injection well and one production well 
spaced apart; 

(b) establishing fluid communication between each of 
said Wells and said reservoir; 

(c) injecting through said injection well a slug of liq 
uid, steam-distillable buffer having a viscosity range 
of from at least 75% to essentially that of the vis 
cosity of the petroleum to be displaced, said slug 
being equal to from 5 to 10% by volume of the 
petroleum to be displaced; 

(d) subsequently injecting through said injection well 
Steam at a temperature sufficient to effect in situ 
distillation of at least a part of said slug in said 
reservoir; and 

(e) recovering displaced petroleum at said production 
well which is displaced by said slug and said steam 
injections until said injected steam breaks into said 
production well. 
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