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Introduction

In an oil reservoir, production wells are scattered
throughout the field, and each well has a reciprocal
connection with its adjacent wells. Determining the
inter-well connection in the primary production stage
is an important parameter for reservoir management.
Realizing this is very important and profitable for large
oil companies. It helps a lot in drilling infill wells,
estimating reservoir heterogeneity and in research on
the distribution of residual oil [1,2]. There are several
direct and indirect methods to determine inter-well
connectivity. Tracer testing and pressure-transient
testing are among the direct methods [3]. Numerical
simulation, statistical tools, capacitance-resistance
model and intelligent data-driven techniques are
among indirect methods [4-11]. These articles show
that the greatest attention is paid to the connectivity
between wells in reservoirs that are in the secondary
stage of production, especially the water injection
process and the connection between injection-
production wells, which it is very important. But as
mentioned, understanding the inter-well connectivity
between production wells is also very important for oil
companies.

Materials and Methods Case Study: a Synthetic
Reservoir Model

The reservoir model in SPE9 [12] paper was used. The
reservoir has 25 production wells and one injection

Accepted: October/24/2020

well. The permeability values obtained from this
paper were 0.1 times. The permeability is equal in
the directions X, Y and Z. Location of the wells and
permeability map for the second layer is shown in
Figure 1 that includes three green streaks with 500
milidarcy permeability, were considered between
wells 5 and 10, 17 and 21, 12 and 19. These three well
pairs are considered as wells that are highly connected.

,,,,,,,,

Fig. 1 Permeability map for the second layer with 3
high permeable streaks that is shown with green lines

Data Driven Approach

This method is based on finding relations between
events of production wells. The concept of derivative
and slope diagram was used to identify important
events of wells. Important well events are divided into
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three categories: increasing, decreasing and no flow
(when the production rate and pressure become zero at
a specific time interval). An event may not be detected
in a production rate data, but it may be detected in the
pressure data. Therefore, the existence of the pressure
data is useful to detect the important events of a well.
If there is a significant increase or decrease in the
production rate of a well, and a significant decrease
or increase in the production rate occurs in another
well, respectively, it indicates that the two wells are
connected. Afterwards, the related events should
be evaluated and ranked. The result is shown as a
connectivity map.

Results and Discussion
Figure 2 shows the connectivity map for all production
wells, which it is the result of a data-driven model.

Fig. 2 Connectivity map.

The production wells are represented as blue triangles.
The connection strength is shown by line width, and
the line style shows the confidence in the estimates. A
thick, medium and thin line represents strong, moderate
and weak connection, respectively. A solid line, long
dashed and short dashed represent high confidence,
medium confidence and low confidence, respectively.
The inter-well connectivity between producers can
be demonstrated in another way to make it easier to
understand the results. Figure 3 shows the connections
between wells by colors. Red, green, and blue in this
figure indicate high confidence (low uncertainty),
moderate confidence (moderate uncertainty), and
low confidence (high uncertainty), respectively.
Dark, common, and light colors also indicate strong,
moderate, and poor connectivity, respectively. Dark
red, red and light red, green and light green, blue and
light blue are used in this figure.

According to Figures 2 and 3, the strongest connection
is between 3 well pairs with a high permeable streak,
which it is drawn with a solid red line with the greatest
thickness and shown in dark red. The data-driven
model has well identified the strong connectivity that
exists between these three well pairs. As shown in

Figures 3, the confidence in the results is moderate to
high, shown by green and red colors, indicating that
the results are almost certain.
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Fig. 3 Data-driven model’s result shows the inter-well con-
nectivity between producers.

Conclusions

In this paper, the inter-well connectivity between the
production wells is determined by a data-driven model.
To validate the model, a synthetic reservoir was used,
and high-permeability streaks were embedded between
three well pairs, and the data-driven model should
identify these 3 well pairs. The results of the data-
driven model show that the data-driven model is able
to detect permeable streaks and strong connectivity
between wells by identifying important events related
between wells and sorting them according to their
importance.

Without a permeability map, by identifying wells that
have a strong connectivity, the permeability streaks
can be predicted, and a general view of the reservoir
permeability can be reached. The advantage of this
data-driven model over methods such as numerical
simulation is that using less data, which it results
in faster time. In fact, by using data that have lower
uncertainty, the mentioned results can be obtained.
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