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Abstract. The article discusses the criteria for choosing fracture parameters by length, height and amount
of proppant to be injected. The criteria, chosen on the basis of for probabilistic and statistical analysis are to
ensure adequate application of multi- and single-stage hydraulic fracturing technique. The statistical
indicators analysis of the multistage hydraulic fracturing application on the AS12-3 horizon made it possible
to clarify the ranges of main hydraulic fractures parameters in terms of their length, volume, number of

fractures and the weight of the injected proppant.

1 Introduction

Both in Russia and abroad hydraulic fracturing
technologies are widely used to improve production
efficiency and to increase oil flow. The technology is
based on the mechanism of cracks formation and
propagation in rocks. And a little amount of works
describing the optimal number of hydraulic fracturing
stages and estimating the distances between the created
fractures has been published. Therefore, it called forth
the need to develop the new criteria for multiple
hydraulic fracturing employment in integrated reservoir
stimulation technologies in field conditions. The
probabilistic-statistical approach was used as the basis
for the criteria development.

The study of hydraulic fracturing efficiency
especially in conditions of hard-to-recover oil reserves,
is the subject study of many foreign and Russian
scientists. In their works many scientists [1-4] are
considering ways to improve the multi-stage hydraulic
fracturing techniques employed in an anisotropic
heterogeneous oil-saturated reservoir.

The authors of the study [5] describe the possibility
of assessing the productivity index by indirect data at the
stage of the first design documents and when modeling
oil recovery processes using the experience of
developing the fields that have been in operation for a
long period.

Of interest are the studies carried out by the authors
of the research [6] who investigate necessary the amount
of the proppant to be injected. They introduce new
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governing equations that allow to describe the fracture
closure process and analyze the influence of fluid
viscosity, its density, size and permeability of the
formation. These studies will be useful when choosing a
proppant composition.

Despite numerous studies in the field of reservoir
productivity increasing with single- and multi-stage
hydraulic fracturing techniques employing, some
unsolved questions remain. The authors studied the
publications and textbooks [11, 12], carried out research
using the apparatus of mathematical statistics in
conditions of the Shirotnoye Priobje Latitudinal Ob
Region) oil field and identified the goal and objectives of
the study.

The purpose of the study is to determine the
efficiency criteria for hydraulic fracturing using a
probabilistic-statistical approach.

To achieve this goal we are to fulfill the following
tasks:

1. Statistical analysis of existing hydraulic fracturing
techniques in Russia and abroad;

2. Theoretical studies of the single- and multi-stage
hydraulic fracturing operations efficiency;

3. Determination of the hydraulic
technology efficiency criteria.

fracturing
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2 Research results. Geological field

studies of the Ob river region field

The paper presents a brief geological and physical
characteristic of the AS12-3 horizon reservoir properties.
The conditions of the horizon contribute to the formation
of hard-to-recover reserves in it. A probabilistic-
statistical analysis of the hydraulic fracturing is
performed in it. The substantiation for the production
stimulation method choosing which is based on the one-
stage hydraulic fracturing technology application is
given.

After the field efficiency statistical data processing,
quantitative criteria for the selection of fracture
parameters by its length, height and the amount of
proppant injected into it have been established. On the
basis of their implementation, it became possible to raise
the field efficiency of one-stage hydraulic fracturing and
ensure an increase in annual cumulative production by at
least 10-15%. However, after some time (4 years), the
field efficiency of one-stage hydraulic fracturing began
to decline, and this fact required finding ways to improve
it by introducing its multi-stage modification. The
analysis of the field-testing results made it possible to
obtain quantitative criteria for the multistage hydraulic
fracturing optimization on the basis of a reasonable
choice of both the length and volume of fractures, and
their number. The analysis made it possible to achieve
the planned oil recovery factor during the ASI12-3
horizon development within the terms established and
agreed with the State Reserves Committee of the Russian
Federation.

Figure 1 shows the histograms of the distribution of
the effective oil-saturated capacity of the ASI12-3
formation. From the histogram it can be seen that the
effective oil-saturated capacity is no more than 50% of
the actual thickness of this formation and its prevailing
value from 3 to 7 meters is 60%, and the remaining
thicknesses from 1 to 3 m and from 8 to 10 m accounts
for less than 40%.
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Fig. 1. Histogram of the effective oil-saturated capacity of the
AS12-3 reservoir distribution.

The productive formation has a fairly low net-to-
gross ratio. Its proportion up to 0.4 is about 90% (Fig. 3),
which is due to the relatively high clay ratio (Kgl = 5

8%), despite rather high average intergranular porosity
of the formation (Fig. 4 ) equal to 19%. This is the
reason for its low permeability (45-90 mpc) with an
average oil saturation of 62 to 76%.
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Fig. 2. Histogram of net-to-gross distribution, productive
formation AS12-3.

Ultimately, the given reservoir properties of the
AS12-3 formation make it possible to classify the oil
reserves in it as hard-to-recover. This results in their
uneven development over the bedding area.

The deterioration of the reserves structure in the
process of the AS12-3 formation intensive development
led, despite the increase in the operating well stock by
2001 to 80 units, to the beginning of a rapid decline in
the current annual production and became the main
reason for the search for more efficient EOR technique.
By the beginning of 2010, after various intensification
techniques application (hydrochloric acid treatment,
thermal implosion, horizontal well and horizontal
sidetrack) and a thorough analysis of the obtained
results, the choice alighted on the one-stage hydraulic
fracturing technique [3].

In accordance with the design task, the hydraulic
fracturing mode was selected with the aim of obtaining a
single fracture in the productive strata with a height
(Her) of up to 0.8-0.9 HI, a length of Lcr up to 70-80 m
and an opening (B) up to 3-5 mm.
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Fig. 3. Dependence of the well production rate on the length
and height of the fracture after a single-interval hydraulic
fracturing.

After analyzing the above dependences, it can be
assumed that with an increase in the length of the
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fracture, the flow rate will increase according to the
Darcy-Poisel law, and with an increase in height, on the
contrary, a faster flooding occurs.

The evaluation of the hydraulic fracturing efficiency
turned to be about 50%. The analysis of the unsuccessful
hydraulic fracturing showed that they, as a rule, are
accompanied by low debit and an increase in water cut
as compared to the initial one, although the selected
wells were located in sufficiently high residual reserves
zones.

The study of the structural features of the deposit and
their comparison with the direction of the underlying
basement faults showed that in the wing zones of the
sedimentary strata areas the stressed rock patterns are
formed, and they accompanied by the formation of
natural fracturing, which has a predominantly axial
(along the swell-like structure of the deposit) direction.

Comparison of unsuccessful hydraulic fracturing data
with the location of wells in the zones of residual
reserves concentration and the direction of natural
fracturing in them showed that they were caused by the
second wing of the fracture penetration into the zone of
depleted reserves with a high level of water cut, which
could explain their low efficiency [2]. Water
breakthrough can also occur due to the the lower or
upper aquifers opening by a crack. A decrease in water
cut can occur due to an increase in the share of oil in the
total flow rate, which came from previously closed,
dead-end pores or stagnant zones.

In order to study the dependence of the technological
efficiency of hydraulic fracturing on its implementation
technique the influence of fracture parameters on it (the
length, the height, the width, as well as the amount of
proppant) was studied. The methodology was previously
approved.

As a result, it was found that with an increase in the
fracture length, the initial oil production rate increased
and the water cut of the produced product decreased.

At the same time, it was found out that with an
increase in the height of the fracture relative to the
effective formation thickness, the oil production rate
decreases, and the water cut, on the contrary, increases.

This behavior is obviously associated with a decrease
in the effective oil-saturated reservoir thickness as
reserves are depleted during long-term operation.

Further, it was found out that with an increase in the
mass of the injected proppant, the oil production rate
after hydraulic fracturing also increases. The obtained
dependencies made it possible to significantly correct the
technology of one-stage hydraulic fracturing in terms of
increasing its not only technological, but the economic
efficiency as well.

By applying the obtained criteria for choosing the
optimal parameters of the single-stage hydraulic
fracturing technology, it was possible not only to stop
the outlined decline in the accumulated current
production during the BV8-1 formation operation, but to
ensure its increase as well.

3 Efficiency of multistage hydraulic
fracturing technique

As an alternative to single-stage hydraulic fracturing, a
multistage hydraulic fracturing technique has been
developed. A horizontal wellbore is drilled into the
formation and the technology of creating several
fractures spaced at a certain interval from each other is
used [4,11].

The range of calculated and starting flow rates
practically coincides, which indicates a fairly perfect
method for predicting the field effect from multi-stage
hydraulic fracturing [4]. However, after first 3 months,
and then 6 months, real production rates begin to differ
significantly from the calculated data. Moreover, this
discrepancy occurs both in the direction of decreasing
production rates, compared with the calculated data, and
in the direction of their increase. This behavior is due to
the manifestation of a systemic error in the calculations
performed, since it is accompanied by a corresponding
unaccounted-for increase in the water cut of the
produced production in the first case and its decrease in
the second.

Thus, as a result of the analysis performed, the
relationship between the probability of a positive
forecast for an increase in oil production and a decrease
in its water cut, additional quantitative criteria were
obtained that determine the optimal properties of the
formed cracks, providing the necessary technological
efficiency of the used EOR method, according to the
forecast calculations.

4 Results

1. The productive horizon AS12-3 has a complex
geological and physical structure and low filtration and
storage properties, which significantly complicates its
development and contributes to the active formation of
hard-to-recover reserves in it;

2. Application of the technology for the BVS8-1
horizon development intensification based on one-stage
hydraulic fracturing has shown its effectiveness within a
fairly limited time, not exceeding 3-4 years;

3. The use of multistage hydraulic fracturing
technique on the AS12-3 horizon showed its higher
efficiency compared to the single-stage hydraulic
fracturing technique. However, the confirmation of
positive predictive indicators from its application did not
exceed 50%;

4. The analysis of the statistical indicators of the field
results of the multistage hydraulic fracturing application
on the AS12-3 horizon made it possible to clarify the
ranges of main hydraulic fractures parameters choice in
terms of their length, volume, number of fractures and
the weight of the injected proppant.
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