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It is generally believed that conventional hydrocarbon accumulates in sandstone traps after
migrating at a certain distance. Unconventional hydrocarbon only migrates at a short
distance before accumulation or being imbibed in the tiny pores of shale and tight
sandstone reservoir, and there is no obvious trap boundary. There are also different
views on the time interval between hydrocarbon accumulation andmigration. In this paper,
microscale simulation experiments are used to study the process of oil accumulation
during migration. In the single pore-throat model, oil can 100% saturate the pore in the
process of migration with continuous oil supply. In the plane sandstone model, when oil
migrates through the entire model, the oil-bearing area can reach more than 50% of the
model area. In the sandstone reservoir model, when the front edge of oil migrates through
the entire sandstone layer, the oil saturation near the injection point can reach more than
90%, while the oil saturation of the front part of the model is only about 50%. It shows that,
in sandstone reservoir, when there are sufficient oil source and continuous charging
pressure, the oil saturation near the charging point continues to increase during oil
migration, and the range of high oil-bearing area continues to expand. Therefore, there
can be a certain number of hydrocarbon accumulations along the migration path in
sandstone reservoir under sufficient oil supply and continuous charging pressure, rather
than just in traps.
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INTRODUCTION

Conventional hydrocarbon is mainly considered as accumulating in sandstone traps. There are
various theories of conventional hydrocarbon accumulation, such as anticlinal reservoir theory
[1–3], subtle reservoir [4], petroleum system [5–7], etc. It is believed that conventional hydrocarbon
accumulations in sandstone reservoir are formed after a certain distance of secondary migration. The
vertical migration distance of conventional hydrocarbon can generally reach several kilometers,
which depends on the strata thickness and the vertical extension distance of the fault. If there is
sufficient source, when the migration channel is well connected, hydrocarbon can migrate a long
distance laterally before accumulation, and the flow of oil and gas in sandstone reservoir has also
been studied [9–12]. For unconventional hydrocarbon in tight sandstone reservoir, it is considered
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that buoyancy makes little contribution to the hydrocarbon
migration and accumulation, and the residual pressure
difference between source rock and reservoir is the main
driving force [13–21]. The migration distance of
unconventional hydrocarbon is considered to be short.
Unconventional hydrocarbon mainly accumulates in the
“sweet spots” sandstone with relatively high porosity and
permeability in the reservoir or be imbibed in the tiny pores
of shale and tight sandstone reservoir [18, 20, 22–25].

The process and time of hydrocarbon accumulation has been
studied. Some theories believe that the time when sandstone traps
are formed and the time when the source rock is faulted should
not be later than the large-scale hydrocarbon expulsion period, so
that hydrocarbon can accumulate on a large scale. Even if the time
of the formation of sandstone traps is later than the time of
hydrocarbon migration, it is better if the time interval is smaller
[26, 27]. Some other theories believe that the time of trap
formation, oil source fault activity, and reservoir forming of
many large and medium-sized hydrocarbon accumulations
are significantly later than the time of large-scale hydrocarbon
expulsion from source rock [28]. Niu Chengmin et al.
consider that the time of hydrocarbon accumulation is
much later than the time of massive hydrocarbon
generation, and there is a time lag in hydrocarbon
migration and accumulation [29]. Based on existing
theories, this paper uses physical simulation experiments to
study the process of hydrocarbon accumulation during
migration in sandstone reservoir.

MATERIALS AND METHODS

Single Pore-Throat Water-Wet Model
This experiment aims to simulate the oil accumulation during
migration in a single pore. The experimental model is a water-wet
pipe, with two thin glass pipes with 2-mm diameter (simulating
throat) and a spherical glass with 8-mm diameter (simulating
pore) combined together. The water sample is tap water: ρw =
1.0 g/cm3, μw = 0.9 mPa·s; the oil sample is kerosene: ρo = 0.8 g/
cm3, μo = 3 mPa·s. The experimental conditions are room
temperature and atmospheric pressure (1 atmospheric pressure).

The model is saturated with water, and the kerosene is injected
into the thin pipe at the speed of 0.3 ml/min to observe the
process of oil migration and accumulation.

Plane Sandstone Model
This experiment observes the change of oil saturation during the
migration process from a plane perspective. The experimental
model is composed of two 50-mm-long and 30-mm-wide water-
wet thin slices, sandwiched with 1-mm-thick and 1–5-mm-long
quartz particle slices. The water sample is tap water: ρw = 1.0 g/
cm3, μw = 0.9 mPa·s; the oil sample is kerosene, ρo = 0.8 g/
cm3, μo = 3 mPa·s. The experimental conditions are room
temperature and atmospheric pressure (1 atmospheric pressure).

The model is filled with water first, and then kerosene is
injected from one end of the model at the speed of 0.3 ml/min to
observe the process of oil migration and accumulation.

Sandstone Reservoir Model
This experiment is to observe the change of oil saturation during
the migration process in sandstone sediment. The experimental
model is a glass pipe with the diameter of 9 mm and the length of
120 cm, which is loaded with a 95-cm-long sandstone layer
composed of homogeneous medium grain quartz sand
particles. The water sample is tap water: ρw = 1.0 g/cm3, μw =
0.9 mPa·s; the oil sample is kerosene, ρo = 0.8 g/cm3 , μo =
3 mPa·s. The experimental conditions are room temperature
and atmospheric pressure (1 atmospheric pressure).

The model is saturated with water and is placed at an
inclination of 28° to simulate the tilted strata. Kerosene is
injected at the speed of 0.1 ml/min until the front edge of oil
breaks through the top sand layer to observe the process of oil
migration and accumulation.

RESULTS AND DISCUSSION

OilMigration and Accumulation in the Single
Pore-Throat Water-Wet Model
When injected in the thin pipe (simulating throat), the oil phase
moves forward continuously with the front edge in a convex
shape that pointing to the water phase (Figure 1A). When oil
enters the spherical space (simulating pore), with the continuous
injection, the front edge of oil no longer moves forward but
expands in a spherical shape, drives away the water in the pore
gradually (Figure 1B), and then occupies the whole pore
(Figure 1C). After the oil fills the entire pore, it begins to
migrate to the next throat (Figure 1D). The oil continuously
enters the water saturated pipe and drives the water out.

Because of surface tension, the oil phase is surrounded by
equal force all around, so that the oil does not directly enter the
next throat, but the volume of it increases in a spherical shape.
When the oil phase expands to fill the whole pore, under the
resistance of the pore wall, the front edge of the oil begins to
migrate to the new throat, indicating that when the source is
sufficient, oil will migrate in a continuous phase, and under the
resistance of the throat and pore wall, oil can 100% saturate a
single pore.

Oil Migration and Accumulation in the Plane
Sandstone Model
When injected in the model, oil first fills the large pores with
lower capillary resistance near the injection end of the model.
Since there are no small throats in the direction perpendicular to
the injection direction at the injection end of the model, the oil
does not migrate along the injection pressure, but first almost
100% saturates the large pores in the direction perpendicular to
the injection pressure, and then oil breaks through a throat in the
direction of injection pressure (Figure 2A). In the pore, the
volume of oil increases in a circular shape until it saturates the
whole pore and drives away the water. Then, the oil continues
to break through the second throat and enters another pore,
with only a thin water film retained between the oil phase and
the pore skeleton (Figure 2B). The process of oil migration
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repeats. The oil does not always migrate along the injection
direction but continuously saturates the pores on the migration
path. When the oil migrates to about 1/3 position of the model, the
oil-bearing area exceeds 80% of the migration area (Figure 2C).
When the front edge of oil reaches the other end of the model, the
oil-bearing area exceeds 50% of the model area (Figure 2D).

In the process of oil injection, the pores on the migration path
will be filled by oil, but not all large pores contain oil. In Figure 3,
the pores that are enclosed by the green circles are excellent
storage space, but none of the throats around the pores is broken
through by oil, so there is no oil accumulation in these large pores.
Near the discharge end of the model, some large pores with no
throat surrounded are still not filled by oil because the oil
preferentially flows from the discharge end. Therefore, whether
a pore can be filled by oil depends on the pressure and the
connectivity between the pore and the throats around it. If there
are several throats around a pore and their ability of connectivity
is different, the oil will preferentially migrate to the throat with
good connectivity and fill the pore it connects. When the oil
migrates out of the pore through a throat, the pressure in the pore
is continuously released, and the pores connected by the throats

with poor connectivity will not be filled by oil, no matter how
large the pores are.

The Process of Oil Migration and
Accumulation in the Sandstone Reservoir
Model
During the injection process, the front edge of migrating oil is
finger-shaped and often extends forward along a main channel.
There are many bifurcations on the front edge of the oil, resulting
in a conical migration area. When the front edge of oil moved
about 15 cm, the oil saturation near the injection point is more
than 90%, but only about 20% at the front edge (Figure 4A).
Continue to inject oil slowly and the oil saturation near the
injection point continues to increase and the shape of the front
part of oil is winding (Figure 4B). When oil migrates through the
entire sandstone layer and breaks through the top of the
sandstone layer, the injection is stopped. At this time, the
front part of oil is more winding with about 50% oil
saturation, and the oil saturation near the breakthrough point
is only about 20%. However, the lower part of sandstone layer is

FIGURE 1 |Oil accumulation characteristics in the water-wet single pore-throat model. (A)Oil migrating in the throat. (B) The volume of oil in the pore increases in a
spherical shape. (C) Oil fills the entire pore. (D) Oil migrates into another throat.
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almost saturated with oil, in which the oil saturation can reach
more than 90% (Figure 4C). It shows that under a sufficient oil
source and continuous pressure, the oil continues to accumulate
in the process of migration. Due to the higher pressure near the
injection point, it is easier for oil to break through the constraints
of the throats and enter the pores. As the migration distance

increases, the friction of oil migration increases, and the injection
pressure directly acts on oil near the breakthrough point is
smaller. Therefore, the oil saturation at the injection point
increases the fastest, while the oil saturation at the far end of
the injection point increases slowly, and the oil migration path is
winding. The range of high oil-bearing area constantly expands in
the direction of oil migration during continuous injection.

The results of the three experiments showed the change of oil
saturation during migration from one single pore to real
sandstone model, which is from micro perspective to macro
perspective. The results indicate that under continuous
pressure and sufficient oil source, oil does not always migrate
in the direction of pressure reduction in sandstone reservoir but
continuously charges the pores on the migration path in irregular
directions. Depending on the difference of the resistance of
throats around the pores and the charging pressure, oil
preferentially breaks through the throats with low resistance
near the charging point and charges the pores connected by
them. Then oil breaks through other throats to charge the pores.
Unconventional sandstone reservoir is very tight, but it is close to
the source rock and can get great charging pressure. Therefore, oil
can migrate a short distance in tight sandstone reservoir and
some tiny pores can be charged by oil during the migration
process. For conventional hydrocarbon, although the sandstone
reservoir has better physical properties, it is usually far away from
source rock, and the main driving force is buoyant force, which is

FIGURE 2 | Oil migration and accumulation characteristics in the plane sandstone model. (A) Oil saturates the large pores in the direction perpendicular to the
injection pressure and breaks through the throat for the first time. (B) After oil fills a pore, it breaks through the throat in one direction. (C) The oil does not always migrate
along the injection direction, but continuously fills the pores on themigration path. (D)Distribution characteristics of oil-bearing area when the oil migrates to the other end
of the model.

FIGURE 3 | The distribution of large pores not be filled by oil.
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much smaller than the charging pressure of source rock.
Therefore, conventional hydrocarbon mainly migrates through
the throats with good connectivity and accumulates in the large
pores in traps. However, the saturation of hydrocarbon keeps
increasing during the process of migration, so there can be a
certain number of hydrocarbon accumulations along the
migration path in sandstone reservoir, rather than just in traps.

CONCLUSION

(1) Under sufficient oil supply and continuous pressure, oil does
not directly migrate forward in a single pore, but the volume
increases in a spherical shape until the oil 100% saturated the
pore, and then oil migrates through a throat into
another pore.

(2) In sandstone reservoir, the oil does not always migrate along
the direction of charging pressure but continuously saturates
the pores on the migration path in irregular directions. The
pores near the charging point and connected by the throats
with good connectivity are preferentially charged by oil, and
as the migration distance increases, the proportion of oil-
bearing pores along the migration path decreases.

(3) In sandstone reservoir, when the oil supply is sufficient and
with a continuous charging pressure, the oil saturation along
the migration path will continue to increase and some oil
accumulations will be formed. Therefore, there can be a certain
amount of hydrocarbon accumulations along the migration
path in sandstone reservoir, rather than just in traps.
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