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(54) Method and apparatus for producing hydrocarbons from a multilayer system

(67)  The invention relates to method for producing
hydrocarbons from a multilayer system, and an appara-
tus for use in such amethod. The multilayer system com-
prises at least one high permeable layer and at least one
low permeable layer, wherein the high permeable layer
is adjacent to the low permeable layer, wherein a first
injectant is injected into the high permeable layer and
simultaneously a second injectant is injected into the low
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permeable layer, wherein oil replaced by the first and
second injectants from the high and low permeable layers
is collected, wherein the rate of injection of injectants for
the high and low permeable layers is monitored and ad-
justed to keep the fronts of displacement of oil from the
high and low permeable layers within predetermined lim-
its.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to method for producing
hydrocarbons from a multilayer system, and an appara-
tus for use in such a method.

BACKGROUND OF THE INVENTION

[0002] In the recovery of hydrocarbons from oil fields,
various techniques are employed to optimize oil and gas
production.

[0003] Traditional displacement methods use water to
displace oil in a field, effectively pushing the oil to a col-
lector point. Chemicals such as surfactants may be add-
ed to alter the flow and mixing properties of the oil/water
mixture that is obtained. A disadvantage is that relatively
large fractions of oil are left in the field, and that the in-
jected water may leave residual oil fractions harder to
recover.

[0004] An alternative method is to use gas to displace
oil. However, in many cases the availability of large vol-
umes of pressurized gas is limited, making the method
relatively expensive. It may also be troublesome to main-
tain the pressure once a major part of the oil is recovered,
and collapse of the field structure may also become a
problem. In addition, not all gasses are suitable or desir-
able to have injected into an oil field. Nitrogen gas is fairly
inert but is relatively expensive to obtain. Oxygen as a
pure gas leads to combustion hazard when combined
with flammable materials such as oil and methane gas.
Another known method is to re-inject the natural gas
(mostly consisting of methane) produced from the oil
field.

[0005] Combined methods include water-alternating-
gas (WAG) which uses intermittent injection of water and
gas, and SWAG wherein water and gas are injected si-
multaneously or sequentially. Carbon dioxide is a fa-
voured gas to inject in the WAG method. Such methods
are believed to yield 5-10% recovery improvement under
favourable conditions, compared to continuous water in-
jection.

[0006] In oil fields having layered systems comprising
relatively low permeable and relatively high permeable
layers, the existing methods have shown recovery levels
that leave desire for improvement. Many of such high
permeability contrast reservoirs are considered difficult
cases, and therefore less attractive for production pur-
poses.

OBJECT AND SUMMARY OF THE INVENTION

[0007] Itis an object of the invention to provide an im-
provement over the existing methods. The invention re-
lates to a method for producing oil from a multilayer sys-
tem, wherein the multilayer system comprises at least
one high permeable layer and atleastone low permeable
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layer, wherein the high permeable layer is adjacent to
the low permeable layer, wherein a first injectant is in-
jected into the high permeable layer and simultaneously
asecond injectant is injected into the low permeable lay-
er, wherein oil replaced by the first and second injectants
from the high and low permeable layers is collected. Pref-
erably, the permeability of the high permeable layer is at
least a factor 2, preferably a factor 3 or 4, higher than the
low permeable layer, as measured in millidarcy (mD) at
the operating pressure and temperature for the first or
the second injectant.

[0008] This method has shown to lead to an improved
oil recovery in multilayer systems. The multilayer may
consist of only two adjacent layers, or multiple stacked
layers of different consistency. A relatively low permeable
layer may be above a relatively high permeable layer,
but it is also possible that the relatively high permeable
layer is above a relatively low permeable layer.

[0009] The difference between a relatively high and a
relatively low permeable layer would be at least an order
of magnitude 2 as measured in millidarcy (mD), prefer-
ably at least 3 to 4 orders of magnitude under the oper-
ating conditions as selected. Preferably the contrast be-
tween the high and low permeable layer is within 2-40
orders of magnitude, more preferably within 2-10 orders
of magnitude. The amount of cross-leaking of injectants
between the low and high permeable layers will depend
on the nature of the layers in a given situation. The layers
can be essentially horizontal but in practice are often in-
clined or arched.

[0010] The injectants can be in various fluid phases.
Liquid and gaseous injectants relate to the physical state
of the injectant at atmospheric pressure; many gaseous
injections would become liquid, dense phase or super-
critical fluid under the pressures that may occur at great
depths, which may lead to a significant change in the
viscosity of the injectants.

[0011] It is preferred if the first injectant has a higher
viscosity than the second injectant. This makes it easier
to control the progress of the front of the first and second
injectants to displace oil. Viscosity may be controlled by
selection of the injectant or mixture of injectants, for in-
stance water, carbon dioxide, or nitrogen. The viscosity
of injectants can be adjusted, for instance by adding sur-
factants, polymers or other additives.

[0012] Preferably, the points of injection for the first
and second injectant are adjacent to each other in the
horizontal plane. Injection positions can be arranged in
various different arrangements, depending on the spe-
cific parameters of a certain location. For optimal control,
the injection positions are preferably closely grouped to-
gether.

It is preferred if the rate of injection of injectants for the
high and low permeable layers is monitored and adjusted
to keep the fronts of replacement of oil from the high and
low permeable layers within predetermined limits. It was
found that keeping the flood fronts relatively close to each
other, a higher oil recovery is achieved. It is postulated
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that a piston-like displacement of the oil can be achieved
if the flood front controlled by the injectants in adjacent
layers progresses simultaneously. Preferably, the
progress of the fronts of displacement of oil in the high
and low permeable layers is monitored through seismic
or volumetric methods.

[0013] Most preferably, the rate of injection is adjusted
to keep the front of replacement for the liquid injectant
essentially ahead of the gaseous injectant. This was
found to yield better results than cases where the gase-
ous injectant is ahead of the liquid injectant.

[0014] It is advantageous if at least one of the first
and/or second injectants comprises a combustion prod-
uct from natural gas or oil. Such combustion products
are often considered waste, and it is cost effective to re-
use such waste products. In a preferred embodiment, at
least part of the combustion product is obtained by com-
bustion of gas and/or oil produced from the first and/or
second layer. This ensures a supply of injectant is readily
available at the site, making the method less dependent
on external supplies. It is desirable if the combustion
product is CO, used as a gaseous injectant. CO, is one
of the main combustion products obtained from hydro-
carbons, along with water, and it is an excellent gas for
recovering oil. Also, the injecting of CO, prevents the gas
from entering the atmosphere and contributes to global
green house effects. The combustion product may also
comprises water that can be used as an injectant.
[0015] Advantageously, the first and/or second inject-
antis selected from CO,, N, or mixtures thereof. Carbon
dioxide and nitrogen gas as suitable gases for oil recov-
ery. Nitrogen may be obtained in large quantities by air
separation methods. It is advantageous if the second in-
jectant comprises N, obtained from an air separation
method, and wherein O, from the same air separation
method is used in the combustion of natural gas and oil
produced, to yield water and CO,. Thus all products from
the air separation method are used in other useful meth-
od, yielding water, and carbon dioxide from combustion,
and nitrogen gas from the air separation method. Be-
sides, useful energy is generated in the same process.
This makes the method at least partially self-sufficient,
which is a great advantage in the remote areas oil recov-
ery may take place.

[0016] It is preferred if the second injectant is an es-
sentially aqueous injectant. Water may for instance be
obtained from a water supply, water production or from
a combustion method as described above. The aqueous
injectant may comprise other compounds in addition to
water, such as surfactants, polymers and other chemi-
cals that may alter the properties, for instance the flow
properties under high pressure.

[0017] It is preferred if the salinity of the aqueous in-
jectant is lowered by the addition of low salinity water.
Reduction of the salinity of production water gives a sig-
nificant effect in improved oil production. Water with a
salinity lower than the water present in the oil reservoir
showed an improved oil recovery, which is postulated to
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stem from the improved capability to form oil-in-water of
aqueous solutions having a lower salt or ion content. Mix-
ing low salinity water with produced water lowers the
overall salinity, and significant effects were found even
when amounts as low as 10% w/w of lower salinity water
is added. Low salinity water could for instance be distilled
water or water treated in other ways to lower its dissolved
salt content. A convenient and efficient way to obtain low
salinity water is to capture the water produced in the com-
bustion of hydrocarbons recovered on the production
site, collected for instance by a distillation/condensation
method. Preferably, at least part of the low salinity water
is obtained as a combustion product of natural gas and
oil recovered.

[0018] It is preferred if the viscosity of the first and/or
second injectant is controlled by adjusting the tempera-
ture. Temperature is a convenient way of fine-tuning the
viscosity of an injectant, and offers a relatively simple
way of controlling the progress of fluid fronts in the layers.
For instance, hot water for example, has a viscosity of
from 0.2 to 0.3, whereas the cold water has a viscosity
of from 0.9 to 1 cp. By changing the temperature of the
water the viscosity can be adjusted by a factor of 2-5
times. Similar viscosity adjustments can also be made
for other injectants such as carbon dioxide or nitrogen.
Preferably, at least part of the heat to control the temper-
ature of the first and/or second injectant is obtained from
the combustion of natural gas and/or oil, more preferably
oil and/or gas produced by the process.

[0019] The invention also provides an apparatus for
use in the method as described herein, comprising at
least one first injector for injecting a first essentially liquid
injectantinto a first layer, at least one second injector for
injecting a second essentially gaseous injectant into a
second layer adjacent to the first layer, monitoring means
for monitoring the progress of injection for the first and
second injectants, and adjusting means coupled to the
monitoring means and the first and second injectors. This
apparatus is particularly suitable to perform the method
as described above. The rate of injection of injectants for
the high and low permeable layers is monitored and ad-
justed to keep the fronts of displacement of oil from the
high and low permeable layers within predetermined lim-
its.

[0020] The monitoring means could for instance com-
prise temperature, pressure, chemical, flow, and acous-
tic analysis, monitoring both the injection positions and
the production well using techniques such as chemical
tracers, observation wells and/or seismic contrasting.
Preferred monitoring methods include surveillance by di-
rect observation using seismic methods or surveillance
wells; orindirectly through volumetrics, tracers and meth-
ods analyzing the pressure drop at production and/or in-
jection wells.

[0021] The adjusting means could include valves and
regulators for controlling the pressure and throughput of
the first and second injectants. It is possible to adjust
both the first and second injectants, but it is preferred if



5 EP 2716 862 A1 6

one of the firstand second injectants is kept at a constant
rate and the other injectant is varied depending on the
monitored signals. The monitoring means and adjusting
means can be manually controlled, but are preferably
automated.

[0022] It is advantageous if the adjusting means are
programmed to keep the progression of the first and sec-
ond injectant within predetermined limits. Preferably the
progression of the displacement front of the first and sec-
ond injectant are kept within 10% as measured by vol-
ume.

[0023] Itis preferred if the apparatus comprises a com-
bustion unit, wherein an outlet for CO, produced by the
combustion is coupled to the second injector, and where-
in an outlet for water produced by the combustion is cou-
pled to the first injector.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Figure 1 shows a method.

Figure 2 shows a system for use in a method.
Figure 3 shows a system used in a method.

Figure 4 shows a system to control the method.
Figure 5 describes examples of flow profiles that may
be used in the method.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0025] Figure 1 schematically shows the method ac-
cording to the invention. The figure shows a multilayer
system 1, comprising an upper layer 2 and a lower layer
3. In this example, the upper layer has a relatively high
permeability/low density, whereas the lower layer has a
relatively low permeability/high density. However, the rel-
ative vertical position of the relatively high and low per-
meable layers could also be inverted. It is also possible
to have multiple alternating layers. The adjacent layers
2,3 are in communication; fluids may migrate from one
layer into the other through the interface 4 between the
layers. By injecting a liquid such as water, into the lower
layer 5, oil is displaced through the layer in the displace-
ment direction indicated by the arrows. Simultaneously,
a gaseous injectant 6 such as carbon dioxide, nitrogen
gas or a mixture thereof is injected into the upper layer
2. The front of the liquid injectant 7 does not necessarily
run at the same rate as the gaseous injectant 8. For op-
timal results, the difference 9 in progress should however
be controlled and kept within predetermined limits, de-
pendent on the parameters of a specific field. Oil from
the multilayer system is pushed towards the one or more
production pipes 10, where the oil is collected and trans-
ported towards the surface 11. Although the figure shows
a vertical pipe, the production pipes may also comprise
vertical or angled pipes, as known in the art.

[0026] Figure 2 shows a system 20 that can be used
for the supply of injectants for the method described in
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figure 1. The system comprises an air separation unit 21,
that separates incoming air 22 into its main components,
nitrogen gas 23 and oxygen 24. The nitrogen gas may
be used as an injectant. The oxygen 24 is used to a com-
bustion unit 25 that combusts fuel 26 that may be com-
prise oil and gas derived from an oil production method,
in particular the method as described in figure 1. The
combustion unit 25 produces energy 27, as well as car-
bon dioxide 28 and water 29, that may be used as inject-
ants for the method described in figure 1. Before the pro-
duced injectants can be used in the method as described
herein, they may be subject to further processing, such
as mixing with other injectants, compression or decom-
pression to achieve the desired pressure, and cooling or
heating to achieve the desired temperature.

[0027] Figure 3 shows a method 30, wherein an air
separator unit 31 separates air 32 into nitrogen gas 32
and oxygen 33. The oxygen is used in a combustion unit
34 to combust fuel 35, yielding energy 36, water 37 and
carbon dioxide 38 as main products. The water 37 from
the combustion unit, is lead to a first injector unit 39. In
the injector unit 39, the water is brought under the desired
temperature and pressure. Optionally, the combustion
water 37 is mixed with additional liquids 40, such as ad-
ditional water or other liquids and/or flow-affecting com-
pounds such as surfactants. Subsequently, the liquid is
injected into a first oil-containing layer 41 to displace oil
and/or gas. Carbon dioxide 38 and/or nitrogen gas 32
are brought to a second injector unit 42. In the injector
unit 43, the gaseous injectants are mixed and brought
under the desired temperature and pressure. Optionally,
additional gases 43 are added from external sources,
such as additional carbon dioxide and/or nitrogen gas.
The gaseous injectants are then injected into a second
oil-containing layer 44 to displace oil and/or gas. The oil
and/or gas displaced from the first and second layers 41,
44 is then collected at a distance from the injector posi-
tions through one or more oil wells 45 to a collector unit
46. From the collector unit 46, part of the collected oil
and/or gas is transported away as produced gas and/or
oil 47. Optionally, part of the produced hydrocarbons is
lead to the combustion unit 34 as fuel 35.

[0028] Figure 4 schematically shows a system 50 for
controlling a method as shown in figure 1 and 3, to control
the progress of hydrocarbon displacement in multiple si-
multaneously producing layers. A control unit51 receives
input from monitoring sensors of the first injector 52 that
regulates the injecting of afirst gaseous or liquid injectant
into a first layer, and a second injector 53 that regulates
the injecting of a second gaseous or liquid injectant into
a second layer. Optionally, the control unit 51 also re-
ceives external monitoring data 54, for instance pressure
variations from the production well and injection well, us-
ing techniques such as chemical tracers, observation
wells and/or seismic monitoring. The control unit com-
pares the progress of the injectants in the firstand second
layers. If the difference in progress between the first and
second layers exceeds a predetermined threshold, the



7 EP 2716 862 A1 8

control units instruct an adjusting unit 55 to adjust the
injection ratio of the first injector 52 and the second in-
jector 53. This may be done by raising the rate of injection
for the layer that lags behind, or lowering the injection
rate for the layer that runs in front, or a combination of
these adjustments. For ease of controls it is preferred if
the rate of injection is kept constant for one layer and the
other layer is adjusted. This system 50 can be extended
to control run for more than 2 injectors 42, 53 simultane-
ously.

[0029] Figure5describes examples of flow profiles that
may be used in the method.

[0030] Figure 5a shows a sequential injection profile,
schematically showing the injected volumes of injectants
over time. The time scale for this method is typically
weeks, months or years. The upper line 60 shows a first
injectant, whereas the lower line 61 shows a second in-
jectant. The injectants are injected intermittently, in a pre-
determined sequence. The injectants may for instance
be water, aqueous polymer solutions, nitrogen or carbon
dioxide.

[0031] Figure 5b shows a simultaneous injection pro-
file, schematically showing the injected volumes of in-
jectants over time. The upper line 62 shows a first inject-
ant, whereas the lower line 63 shows a second injectant.
The injectants are injected simultaneously.

[0032] Figure 5c shows an alternative simultaneous in-
jection profile, schematically showing the injected vol-
umes of injectants over time. The upper line 64 shows a
first injectant, whereas the lower line 65 shows a second
injectant. The injectants are injected simultaneously. For
the second injectant 65, a larger volume is injected in the
second injection interval 67 relative to the first injection
interval.

Claims

1. Method for producing hydrocarbons from a multilay-
er system,
Wherein the multilayer system comprises at least
one high permeable layer and at least one low per-
meable layer,
wherein the high permeable layer is adjacent to the
low permeable layer,
wherein a first injectant is injected into the high per-
meable layer and simultaneously a second injectant
is injected into the low permeable layer,
wherein oil replaced by the first and second inject-
ants from the high and low permeable layers is col-
lected,
wherein the rate of injection of injectants for the high
and low permeable layers is monitored and adjusted
to keep the fronts of displacement of oil from the high
and low permeable layers within predetermined lim-
its.

2. Method according to claim 1, wherein the permea-
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10.

1.

12.

13.

bility of the high permeable layer is at least a factor
2 higher than the low permeable layer, as measured
in millidarcy (mD) at the operating pressure and tem-
perature for the first or the second injectant.

Method according to claim 1 or 2, wherein the first
injectant has a higher viscosity than the second in-
jectant.

Method according to any of the preceding claims,
wherein the wherein the rate of injection is adjusted
to keep the front of replacement for the first injectant
essentially ahead of the second injectant.

Method according to any of the preceding claims,
wherein the progress of the fronts of displacement
of oil in the high and low permeable layers is moni-
tored through seismic or volumetric methods.

Method according to any of the preceding claims,
wherein at least part of the first and/or second inject-
ant is obtained by combustion of gas and/or oil pro-
duced from the first and/or second layer.

Method according to claim 6, wherein the combus-
tion product comprises CO, used as an injectant.

Method according to claim 6 or 7, wherein the com-
bustion product comprises water used as an inject-
ant.

Method according to any of the preceding claims,
wherein the first and/or second injectant comprises
N, obtained from an air separation method, and
wherein O, from the same air separation method is
used in the combustion of natural gas and oil pro-
duced, to yield water and CO,.

Method according to any of the preceding claims,
wherein atleast one of the firstand second injectants
is an essentially aqueous injectant.

Method according to any of the preceding claims,
wherein the viscosity of the first and/or second in-
jectant is controlled by adjusting the temperature.

Method according to claim 11, wherein heat to con-
trol the temperature of the first and/or second inject-
ant is obtained from the combustion of natural gas
and/or oil.

Apparatus (20, 30) for use in the method according
to any of the preceding claims, comprising

At least one first injector (39, 52) for injecting a first
injectant into a first layer (41),

At least one second injector (42, 53) for injecting a
second injectant into a second layer (42) adjacent
to the first layer,
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monitoring means (51) for monitoring the progress
of injection for the first and second injectants, and
adjusting means (55) coupled to the monitoring
means and the first and second injectors.

Apparatus according to claim 13, wherein the adjust-
ing means are programmed to keep the progress of
the first and second injectant within predetermined
limits.

Apparatus according to claim 13 or 14, wherein the
apparatus comprises a combustion unit, wherein an
outlet for CO, produced by the combustion is cou-
pled to the second injector, and wherein an outlet for
water produced by the combustion is coupled to the
first injector.
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