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АНАЛИЗ ВОЗМОЖНОСТИ ПРОВЕДЕНИЯ 
ЛОКАЛЬНО НАПРАВЛЕННОГО ГИДРОРАЗРЫВА 

ЧЕРЕЗ РАДИАЛЬНЫЕ БОКОВЫЕ СТВОЛЫ 
МАЛОГО РАДИУСА В ТЕРРИГЕННОМ И 

КАРБОНАТНОМ КОЛЛЕКТОРЕ 



Вычисления выполняются для четырех вариантов начального напряженного состояния 



Давление гидроразрыва создано в основной и боковой скважинах (а) и только в боковой скважине (б). 



Модель пластического течения с предельным условием Кулона-Мора 
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Приращения пластических деформаций  

Приращения упругих деформаций 

Потенциальная функция 
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 Распространение трещины гидроразрыва в терригенном коллекторе 
Давление гидроразрыва создано в основной и боковой скважинах 

Терригенный коллектор 

Paphf
7107.3 ⋅=



 Распространение трещины гидроразрыва в карбонатном коллекторе 
Давление гидроразрыва создано в основной и боковой скважинах  

Карбонатный коллектор 

Paphf
7107.3 ⋅=



Приложение давления только в боковой скважине   
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Численное моделирование гидравлического 
разрыва в горных породах с дилатансией 

Изучено влияние локализации деформации на процесс гидроразрыва. 
 
Рассматривается слой пористого осадочного материала с начальными 
напряжениями, обусловленными собственным весом пород.  
 
В рамках плоской деформации моделируется процесс распространения 
гидроразрыва.  
 
Рассмотрено два варианта – с горизонтальным и вертикальным 
распространением разрыва. 



Горизонтальный разрыв 

Упругопластический  
резервуар 

Вертикальный разрыв 

Упругий слой 

FLAC3D 



Кривая деформирования с разупрочнением 



Изменения углов внутреннего трения и дилатансии   
в зависимости от накопленной пластической деформации  

Изменения сцепления и прочности на растяжение  
в зависимости от накопленной пластической  

деформации 



Горизонтальный разрыв 

Pap 7105.2 ⋅=

Полные начальные напряжения 

Paxx
7103 ⋅−=σ

Payy
7106 ⋅−=σ

Pazz
7104 ⋅−=σ

- pore pressure 

3/2340 mkg=ρ PaG 9101.2 ⋅= PaK 9105.2 ⋅=

Свойства упругого слоя 

Свойства упругопластического коллектора  

3/2340 mkg=ρ PaG 9108.8 ⋅= PaK 101002.2 ⋅=

Pac 7101.1 ⋅= 33=sφ
6104 ⋅=tσ

24.0=n

.  

Фильтрационные свойства коллектора  

- porosity 

24=sψ

sec)/(105 212 Pam−⋅=κ - filtration coefficient  

24−=sψor 

Elastic layer 

Elastoplastic reservoir  

Paph
7106 ⋅=

Paph
7109 ⋅=

2125 elements  
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Зависимость коэффициента фильтрации от угла трения 





Plastic zones created on the moment when the fracture propagation was stopped  

Paph
7106 ⋅=Paph

7109 ⋅=

24−=sψ



24−=sψ
Pore pressure pattern and fluid flow velocity at the stop moment  

Pore pressure field and flow velocity after three minutes of filtration  



24−=sψ
Shear strain intensity at the moment of the stop of hydrofracturing  

Shear strain intensity after three minutes of the filtrations  



24−=sψVolume strain field at the stop of hydrofracturing  

Volumetric deformation after three minutes of the filtration  



Plastic zones created on the moment when the fracture propagation was stopped  

24=sψ



24=sψ
Pore pressure field and fluid velocity at the stop hydrofracturing  

Pore pressure field after three minutes of the filtration beginning  



24=sψ
Plastic strain intensity at the stop of hydrofracturing  

Plastic strain intensity field after three minutes of filtration process  



24=sψ
Volume strain field at the stop of fracturing 

Volume strain field after three minutes after three minutes  
of filtration process  



24=sψ

24−=sψ

Crack opening is shown for the elastic and elastoplastic cases at the stop after pressure drop  



Vertical rupture 

Pap 7105.2 ⋅=

Initial total stresses 

Paxx
7103 ⋅−=σ

Payy
7106 ⋅−=σ

Pazz
7104 ⋅−=σ

- pore pressure 

3/2340 mkg=ρ PaG 9101.2 ⋅= PaK 9105.2 ⋅=

Properties of elastic layer 

Properties of elastoplastic reservoir  

3/2340 mkg=ρ
33=sφ

24.0=n

Filtration properties of elastoplastic reservoir  

- porosity 

24=sψ

sec)/(105 212 Pam−⋅=κ - filtration coefficient  

or 

PaG 9104 ⋅= PaK 9107 ⋅=

Pac 6108 ⋅= 5105 ⋅=tσ
10−=sψ

Elastic layer 

Elastoplastic reservoir  

Paph
7103 ⋅=

Paph
7106 ⋅=

4125 elements  





Plastic zones created on the moment when the fracture propagation was stopped  
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10−=sψ
Pore pressure field and fluid velocity at the stop hydrofracturing  

Volumetric deformation after three minutes of the filtration  



10−=sψ
Plastic strain intensity at the stop of hydrofracturing  

Plastic strain intensity field after three minutes of filtration process  



10−=sψ
Volume strain field at the stop of fracturing 

Volume strain field after three minutes after three minutes  
of filtration process  



Plastic zones created on the moment when the fracture propagation was stopped  

Paph
7103 ⋅=Paph

7106 ⋅=

24=sψ



24=sψ
Plastic strain intensity at the stop of hydrofracturing  

Plastic strain intensity field after three minutes of filtration process  



Plastic zones created when the fracture propagation was stopped  

Paph
7109 ⋅= Paph

71013 ⋅=

24=sψ 24=sψ



Paph
71021⋅= Paph

71031⋅=

Plastic zones created when the fracture propagation was stopped  

24=sψ 24=sψ



Plastic strain intensity at the stop of hydrofracturing  

Plastic strain intensity at the stop of hydrofracturing  
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Plastic strain intensity at the stop of hydrofracturing  

Plastic strain intensity at the stop of hydrofracturing  

Paph
71021⋅=

Paph
71031⋅=

24=sψ

24=sψ



24=sψ

10−=sψ

Hydrofracture openings at the stop after pressure drop  
(blue line is opening of crack after three minutes of filtration)  



We show from this preliminary work that hydraulic fracturing in soft rocks 
is accompanied by the localization of plastic deformations. Influence of the 

type of plastic volumetric variation (compaction or dilation) and the 
softening behavior results in essentially different pictures of deformation 

fields and pore pressure in the reservoir. The profiles of crack openings and, 
hence, work spent on their creation, are essentially different. In one case, the 

fracture cannot propagate in tension. 
 
 

Further work, to confirm the role of localization in fracturing soft rocks and 
analyze in details the influence of input parameters (rock properties, 

including mesh size which is given the length scale, and in-situ stress), will 
include an improved fracture propagation criterion and the influence fluid 

leak-off during propagation. Removing the symmetry along the crack line is 
also necessary to get more realistic slip lines which are generally breaking 

the symmetry. 



Cylindrical particle  

First (a) and second (b) initial ensembles of particles, (c) - analogue of  
cylindrical particle  

EVOLUTION OF PROPPANT POROSITY 

The length of the cylindrical particle is equal to its ten radiuses. For modeling of such ensembles we shall use  
the clump logic supports the creation of super-particles of arbitrary shape. Each clump consists of a set of  
overlapping spheres that acts as a rigid body with a deformable boundary. 

PFC3D 

Initial porosity equal 0.8,  
very loose material 

Particle Flow  
Code in 3 Dimensions 



Ball-ball contact 

Contact-Stiffness Models 

Wall-ball contact 

The Hertz-Mindlin Contact Model 
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 rigid ball with a deformable boundary 

interaction of particles is linear  nonlinear law of interaction of the particles  



The Hertz-Mindlin Contact Model 

.  Dependence of contact force from overlapping in case of Hertz-Mindlin model  
(a red line) and contact-stiffness model (a dark blue line)  

mNK ball
n /101 8⋅= mNK ball

s /101 8⋅=

mNK wall
n /101 8⋅= 0=wall

sK

Spheres stiffness 

Wall stiffness 

Contact-Stiffness Models 

Spheres properties 

PaGball
11106.4 ⋅= 25.0=ballν



Loading process similar the compaction of particles in a rigid glass  
and also it is known under the name uniaxial compaction test.  



The graph of displacement of the  
upper wall during compaction  
of the 1-st ensemble of cylindrical  
particles.  

Graph of porosity change inside  
of sphere volume during the  
compaction of the 1st particle  
ensemble  



The graph of displacement of the  
upper wall during compaction  
of the 2nd ensemble of cylindrical  
particles.  

Graph of porosity change inside  
of sphere volume during the  
compaction of the 2nd particle  
ensemble  



The graph of porosity versus vertical load  



Cylindrical particle  

First (a) and second (b) initial ensembles of particles, (c) - analogue of  
cylindrical particle  



The graph of displacement of the  
upper wall during compaction  
of the 1st ensemble of cylindrical  
particles.  

Graph of porosity change inside  
of sphere volume during the  
compaction of the 1st particle  
ensemble  



The graph of displacement of the  
upper wall during compaction  
of the 2nd ensemble of cylindrical  
particles.  

Graph of porosity change inside  
of sphere volume during the  
compaction of the 2nd particle  
ensemble  



Ensemble of spherical particles 



The graph of porosity changing in case of contact-stiffness model  



The graph of porosity changing in case of Hertz-Mindlin model  



In FLAC3D realized an explicit calculation scheme. This ensure that the numerical modeling is stable when the 
physical system being modeled is unstable. In this case strain energy in the system is converted into kinetic 
energy, which then radiates away from the source and dissipates. FLAС models this process directly, because 
inertial terms are included - kinetic energy is generated and dissipated.  
 
For each time step sequence of calculations can be represented as: 
1. Calculation of new strains used the node velocities. 
2. To calculate the new stresses used the strains and stresses in the previous 
moment of time used the constitutive relations. 
3. To determine the new nodal velocities and displacements using the motion equations. 

The calculation cycle 

Forces are fixed 
during this 
calculation 

Strainrates are 
fixed during this 
calculation 

(for all mass-points) 

(for all elements) 

Itasca Consulting Group, Inc. 2006. FLAC3D – Fast Lagrangian Analysis of Continua in 3 Dimensions,  
Ver. 3.1, User’s Manual. Minneapolis: Itasca. 
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