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INTRODUCTION

The recoverable reserve of continental shale oil is about 5.5 billion tons in China, and the shale oil
reservoirs are mainly distributed in 22 provinces and 47 basins. Shale oil is considered to be the most
promising and strategic oil replacement resource in China (Zhao et al., 2020). Different from marine
shale oil reservoirs, continental shale oil reservoirs are usually characterized by unstable deposition,
low density, and a small distribution area. In addition, marine shale oil reservoirs commonly have a
higher brittleness index than continental shale oil reservoirs, which results in the difficulties of
creating complex fracture networks by large-scale hydraulic fracturing (Li and Zhu, 2020). The
development experiences in North America have proved that the stereo well pattern deployment is
an efficient technology for the development of tight and shale reservoirs, and it has been introduced
into the development of continental shale oil reservoirs in different oilfields in China recently, such as
Dagqing oilfield, Xinjiang oilfield, and Shengli oilfield. However, because of the short development
time and different characteristics of the tight reservoirs, the productivity evaluation methods for the
stereo well pattern in shale oil reservoirs, including analytical models and numerical models, are still
not completely established. This article summarizes current methods and challenges of the
productivity evaluation using the stereo well pattern in shale oil reservoirs and puts forward
some potential methods which are helpful for petroleum engineers.

INTRODUCTION TO STEREO WELL PATTERN DEPLOYMENT
TECHNOLOGY

Stereo well pattern deployment is the key technology of “the second unconventional reservoir
revolution” in North America, and the schematic diagram of the stereo well pattern deployment
technology is shown in Figure 1A (Li et al., 2020). The advantages of the stereo well pattern
deployment in tight or shale reservoirs can be summarized as the following points:

1) Reducing the cost per barrel of crude oil and improving development benefit;

2) High integration, efficiency of well factory operations, and integrated management carrier;

3) In-depth understanding of geological reservoirs and promoting the progress and comprehensive
application of drilling, fracturing, and other engineering technologies;

4) Strengthening the system and global optimization and establishing a new development mode
carrier to realize the “exploit every hydrocarbon molecule” concept;

5) Scaling the EOR carrier for unconventional reservoirs.
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FIGURE 1 | Stereo well pattern deployment technology ((A)Li et al., 2020; (B) Li et al., 2021 (C) Brown et al., 2009 and (D) Zhang et al., 2011).

well layout of the platform

discrete fracture network model

If we want to take full advantage of the stereo well pattern in
continental shale oil reservoirs, some requirements need to be
followed:

1) Research on high-precision geological reservoirs to meet the
high-density stereo well pattern deployment;

2) High-efficiency drilling and short construction cycle to service
quick construction and production of the super-platform;

3) Customized fracturing technology to achieve the distribution
of stereo wells and the collaborative optimization of hydraulic
fracturing;

4) Intensive and highly detailed planning, organization, and
implementation.

However, the stereo well pattern deployment technology has
some obvious disadvantages, such as the large investment
intensity and density, long first-oil time, and large decision-
making pressure. The well spacing of stereo well pattern
deployment in North America ranged from 304 to 367 m in
the early stage, which ranges from about 100 to 152 m now. The
children and mother wells are encrypted to increase the available
reserves per unit area. With the development of long horizontal

well technology, the drilling cost decreases significantly, which
increases the net present value of shale oil well.

APPLICATION OF STEREO WELL PATTERN
DEPLOYMENT IN CHINA

In China, the development of continental shale oil is still in its
infancy. The main exploration and development areas include
Lucaogou Formation in Jimusar Sag, Kongdian Formation in
Bohai Bay Basin, Qingshankou Formation in Songliao Basin, and
Yanchang Formation in Ordos Basin (Fu et al., 2015).

A few studies of the stereo well pattern deployment have
proved that the “stress vortex,” that is, a complex stress field
distribution, is caused by uneven pressure drop near the wellbore,
which may cause hydraulic fractures to burst along the edge of the
vortex in the hydraulic fracturing process and result in inadequate
reservoir reconstruction (Li et al., 2021). In order to avoid serious
interwell interference (Pankaj et al, 2018), during the
implementation of the stereo well pattern deployment, the
principle of “once layout of well pattern” is adopted to make
full use of the original stress field and improve the overall
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development effect. Finally, a multilayer system can be developed
by the stereo well pattern mode, as shown in Figure 1B.

The application of stereo well pattern deployment technology
in shale oil reservoirs in China has developed rapidly in recent
years. In the implemented platform in Changging oilfield, the
length of the horizontal well reaches more than 2000m, and the
well spacing in the same layer ranges from 300 to 400 m. The
typical platform H60 consists of 22 wells in longitudinal three
layers, and the controlled geological reserves reach about 600 x
10* tons, achieving one-time development of several layers. The
daily oil production of the single well in the platform H60 is about
16.0-20.0 tons/day, which is increased by more than 30%. In the
implemented platform in Xinjiang oilfield, the length of the
horizontal well is about 1800m, and the well spacing in the
same layer is just 200 m. The typical platform 58 consists of 8
wells in longitudinal two layers with a thickness of 10m, and the
daily oil production of the single well can reach 42.5 tons/day.
The Gulong shale oil reservoirs in Songliao Basin are developed
using the compartment pattern. The designed length of the
horizontal well is more than 2500 m, and the designed well
spacing in the same layer ranges from 300 to 400 m. The
typical platform consists of 12 wells, and the predicted daily
production of a single well can reach 20 tons/day (Wang et al,,
2021).

METHODS AND CHALLENGES OF THE
PRODUCTIVITY EVALUATION FOR SHALE
OIL WELL

In conclusion, the geological properties and production of
continental shale oil vary greatly in different regions. At
present, the productivity evaluation methods for shale oil
reservoirs are mainly introduced from the experiences of tight
oil reservoirs, including analytical methods and numerical
methods. Analytical or semi-analytical methods are mainly
based on some simple assumptions to characterize the
production performance of a single horizontal fractured well.
The analytical methods mainly include the empirical methods
and the linear flow models. The empirical methods are commonly
derived from the original model of Arps decline (Ambrose et al.,
2011; Hao et al, 2012). The linear flow models are usually
improved from the trilinear-flow model developed by Brown
et al. (2009), as shown in Figure 1C. The numerical models for
the horizontal well in unconventional reservoirs include three
categories: wire-mesh model based on the main fractures and
orthogonal fracture system assumption (Meyer and Bazan et al.,
2011), discrete fracture network model (DFN), which can
characterize the complex fracture networks (Fisher et al,
2002), shown in Figure 1D, and multiple media models
proposed by some scholars (Zhang et al., 2011), based on the
classical Warren and Root model. However, at present, there are
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few methods applicable to the productivity evaluation of the shale
oil well.

Analytical models can be used to analyze the production
performance of the single shale oil well, but the complex
fractures network is simplified, and the flow characteristics of
shale oil are not considered, especially the production
performance of the shale oil horizontal well is complex and
difficult to be predicted in the whole life cycle by conventional
methods. Chen et al. (2021) took the shale oil horizontal well of
Lucaogou Formation in Jimsar as an example and divided the
production performance of the single shale oil well into four
stages, including soaking stage, up production stage, production
decline stage, and low and stable production stage. They
developed a quantitative characterization model of a shale oil
horizontal well to realize the prediction and parameter
interpretation inversion.

However, for stereo well pattern deployment, the production
performance of one shale oil horizontal well is affected by other wells
in the platform. Numerical models can be used to simulate the
production performance of multiple shale oil wells in a platform at
the same time. The complex fracture networks and well spacing are
the main effects on the production performance of the stereo well
pattern. Considering the real extension of the hydraulic fractures and
geological characteristics, the geology engineering integration
software of Schlumberger has been wused to design the
development policies of the stereo well pattern deployment in
shale oil reservoirs and achieved good results.

CONCLUSION

1) The stereo well pattern deployment is an efficient
development technology for unconventional reservoirs,
especially for continental shale oil reservoirs in China.

2) Influenced by geological parameters and fracturing
parameters of the well platform in shale oil reservoirs, the
productivity of the shale oil horizontal well varies widely in
different oilfields in China, which makes the productivity
evaluation of shale oil well more difficult.

3) At present, the analytical models proposed by Chen et al. can
be used for predicting the production performance of a single
shale oil well, but the complex fracture networks and fluid flow
characteristics are ignored. The numerical methods developed
by Schlumberger can be applied to simulate the production
performance for the well platform.
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