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gel (and the associated mass of the proppant), the
formation parameters such as the Young’s modulus for
the section, the thickness of the layers compressing
stresses perpendicular to the fracture, fracture toughness
coefficients, as well as the technological parameters of
the design of the hydraulic fracturing — fluid rheology,
injection rate and proppant concentration.

To analyze the obtained data, it is required to find a
sample of wells that would be completely identical in
all parameters of the fracture except for one, after which
this procedure should be repeated for all parameters
of the fracturing to determine the degree of influence
of each of them. Having determined these degrees of
influence, it would be possible to establish the most
significant parameters for the fracture geometry. This
would suggest the parameters, the error in which could
lead to a significant systematic discrepancy between the
length of the fracture, planned for the design, and the
length of the fracture, obtained by hydrodynamic studies
of the well. In practice, however, it is not possible to
select such samples of fractures that would not differ in
all parameters except one.

All cases are selected so that the injected fluids of
the hydraulic fracturing are identical, including the
concentration of the polymer. Then we can talk about
the similar rheology of fluid fracturing for these cases.
Thus, at least for this parameter, the data of the fracturing
operation are identical.

For the method proposed in this article, this is a
prerequisite.

The design fluid injection rates also vary slightly
in design, so that this factor could not have a decisive
impact on the large scatter and formation of a “cloud”
in Fig. 4.

Thus, mostly various geomechanical parameters
remain that can vary along the reservoir quite
significantly (especially the thickness of the reservoir).
A successful statistical analysis requires a method that
reduces the dimensionality of the problem according
to these parameters, and leads to fractures in reservoirs
with different geomechanical properties to the same
“denominator”. Such a method is the introduction
of dimensionless parameters of the problem of the
development of a fracturing.

The fracture propagation according to the Planar3D
model in the case of the injection of non-Newtonian
fluid is described by three laws (Khasanov et al., 2017):

- Hooke’s law;

- The law of viscous friction;

- The law of conservation of mass.

We will conduct the de-dimensioning of the equations
in the same way as described in (José 1. Adachi et al.,
2010) for the case of non-proppant fractures; we will also
assume that there are no leaks in the reservoir, Young’s
modulus is homogeneous, and lithology is three-layer
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and symmetric. As a result, we obtain the following list
of dimensionless parameters:
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where E = Tzis the flat strain modulus, £ is Young’s

modulus, vis Poisson’s ratio, # is the fluid behavior, &' is
the flow density coefficient, Q is the fluid flow, H is the
formation thickness, Ac is the stress contrast, L — half-
length of a fracture, ' — volume of injected fluid, C;-
leakage coefficient according to Carter, K — coefficient
of fracture resistance.

Comparing the obtained dimensionless variables with
those given in the article (José I. Adachi et al., 2010) for
the Pseudo3D model, one can see that they are identical
up to constants. The only important difference is the y
parameter. It is clear from the work that if we divide the
reservoir thickness by the length scale factor from this
work, then the dimensionless parameter y is obtained,
up to a constant. Its physical meaning is the ratio of the
thickness of the reservoir to the fracture length attained.

As a result, the non-dimensioning decreases the
dimension of the problem by 5, since the Young modulus,
the Poisson’s ratio, stress contrast, reservoir thickness
and fluid viscosity are replaced by one dimensionless
parameter y (7). Obtaining dimensionless parameters
makes it possible to carry out an analysis of the work
done by the hydraulic fracturing, namely, to identify
some regularities when comparing the half-lengths
obtained in design and well testing in comparison with
the total injection volume. Thus, the necessary data
for analysis in addition to the values of half-lengths of
fractures are: reservoir thickness, Young’s modulus and
Poisson’s ratio (included in the flat strain module), stress
contrast in the reservoir, rtheology of the injected fluid,
fluid flow and total injection volume of the formation
fluid. Strength properties of rocks in this analysis are not
taken into account. Figures 5-7 show the dependence of
the dimensionless length on the dimensionless volume
for three types of injected fluid. From the graphs it can be
seen that the predicted dependence of the dimensionless
parameters is preserved, only the degree depending on
the rheology of the injected fluid differs. In this case,
the degree dependence is preserved both for the data
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Fig. 5. Dependence of the dimensionless fracture length on
the dimensionless volume: liquid 1, m/p A; o. = 0.69
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Fig. 6. Dependence of the dimensionless fracture length on
the dimensionless volume: liquid 2, m/p A; o = 0.63
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Fig. 7. Dependence of the dimensionless fracture length on
the dimensionless volume: liquid 3, m/p A; a = 0.66

obtained by design and hydrodynamic studies.

The above results prove that the dependence of the
dimensionless fracture length on the dimensionless
volume is a degree dependence:

~ ~a
L=A-V (12)
Then substituting expressions (7) and (8) into (12),
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we can obtain a formula reflecting the dependence of the
dimensional length of a fracture on the injection volume
for an arbitrary degree au:

H3n+1—(3n+3)aA62n+2—(2n+3)a
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From the graphs (Fig. 5-7), it can be concluded that
the degree of dependence of the dimensionless fracture
length on the injection volume a is in the range of 0.6-0.7.
By taking the degree of dependence equal to 0.6, and
the indicator of the behavior of a fluid n equal to 0.5,
you can get an empirical formula for calculating the
half-length of a fracture:
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This formula allows you to evaluate the effect of
error (geomechanical parameters) or changes in input

parameters (process parameters) on the change in the
half-length of the fracture (Table 1).

Parameter Geomechanical Process
parameters parameters
Eparameter H E’ Ao k' 0
+10% 2% | -2% | 6% -4% -2%
+20% -4% | -4% | 12% - 8% - 4%
+30% -6% | -6% | 18% | -12% - 6%

Table 1. The effect of changing parameters on the change of
fracture length

In this paper we analyzed the problem of the
divergence of half-lengths of fractures in design and
in hydrodynamic studies of the well. For the analysis
we applied the method of dimensionless variables,
developed on the basis of parametrization of the
fundamental equations of hydraulic fracturing. The
dependence of the half-length of the fracture on the
injection volume, geomechanical parameters and
rheology of the fluid is analyzed. This method allowed
us to reduce the dimension of the problem and obtain
a fairly universal empirical degree dependence of the
dimensionless length on the dimensionless volume,
which in its dimensional form gives a simple empirical
formula for estimating the fracture length. It is
concluded that the geomechanical parameters have a
weak effect on the fracture length. The validity of the
equations used in modeling hydraulic fracturing has
been confirmed.
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