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ABSTRACT  
Over the past decades, a number of studies have been 

carried out in the area of hydraulic fracturing. 

Basically, such technique has been in use for the 

purpose of increasing production in oil and gas wells. 

Since hydraulic fracturing operation is a process of 

fracture extension in wellbore, rock crack is usually 

reviewed from the mechanics point of view.  In this 

study hydraulic fracturing operation has been 

simulated using ABAQUS software. After defining 

the direction of hydraulic fracturing using 

distribution of tensions around the well by FLAC3D 

software, extension of hydraulic fracturing in 

different lengths and tension distribution around the 

hydraulic fracture are reviewed using ABAQUS 

software. Hydraulic fracture aperture made in various 

parts of fracture is another parameter which was 

reviewed. The effect of hydraulic fracture, in various 

lengths, on the production measure is also mentioned. 

 
Keywords: tension, fracture length, aperture, 

production rate , displacement. 

 

 

INTRODUCTION  
 

Form the petroleum engineering point of view and 

production from hydrocarbon reservoirs, increasing 

productivity in wells especially in wells which are 

drilled in low permeability formations or damaged 

wells, is one of the main objectives. So far, different 

methods to increase well productivity have been 

offered and conducted, each one could lead to 

improvement of well performance. One of the most 

important methods of improving well productivity is 

affecting physics of reservoir rock. In this method it 

is to try to improve the physical structure of 

reservoir rock. Among these techniques we can 

point to artificial fracturing method in reservoir 

rock. As it was mentioned, oil and gas accumulate in 

pores and natural fractures in rocks. When a well is 

drilled into these hydrocarbon-containing rocks, the 

fluids should enter the well and then to the surface 

because of occurring pressure profile. If the pores in 

the reservoir rock are connected to each other and 

fluid flows easily into the well, the reservoir rock is 

considered highly permeable. But when the rock is 

lowly permeable, the fluid cannot flow easily into 

the well. It these cases, channels in a rock do not 

permit fluid flow into the well as it should be. 

Therefore the well does not have economical benefit 

because there is not enough production form such 

well. Thus it is required to create fractures and 

channels in reservoir rock. These channels increase 

the rock capability to lead the flow into the well. 

These channels are usually created with hydraulic 

fracturing operation. Creating hydraulic fractures is 

one of the common methods to increase oil and gas 

production. 

In this study, using FLAC3D software after 

determining the direction of fracture creation, and 

the use of ABAQUS software, hydraulic fracture 

extension process in the formation is examined 

according to tension distribution around the fracture 
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and the amount of hydraulic fracture aperture in 

different points of hydraulic fracture.  

 

HOW FRACTURE IS MADE AS ROCK 

MECHANICS READS? 

 
from rock mechanics point of view, creating artificial 

fracture in the rock can be explained as follow: any 

formation rock has certain strength which is related 

to its structure, compressibility and being cement. 

The forces which keep the rocks together are stresses 

exerted to rocks and their solidity. When the well 

becomes full of fluid and pressure is exerted on this 

fluid from the surface, fluid pressure increases in 

pores. Hydraulic pressure is applied equally in all 

directions. If the pressure increases to a point whose 

force, applied from it, becomes more than the forces 

which keep the rocks together, the fractures are 

created in reservoir. Spread of these fractures is 

controllable with the amount of pressure applied to 

the fluid. When the process comes to its final stage 

and the reverse flow due to production is established 

into the well, the pressure is decreased gradually 

until it reaches reservoir pressure. When this 

happens, the force which keeps the rocks together 

becomes dominant and the fractures become closed. 

In order to prevent this situation, a series of solid 

materials should be placed in the fractures in order to 

keep them opened. These materials are called 

proppants. Because these materials are far more 

permeable than reservoir rock they are capable of 

leading the fluid into the well. The fracture is created 

in direction of maximum principle stress 1 σ  and 

perpendicular to minimum principle stress 3σ  (fig1). 

As it is seen in figure1, the fracture is created exactly 

along the maximum main tension. 

 

 
  

Figure 1 

direction of fracture creation according to main 

tensions 

Distribution of induced stress around the well with 

FLAC3D software is shown in figure 2. FLAC 

software is a finite difference code that simulates the 

behavior of structures made of soil and rock and 

materials which show a plastic behavior when they 

reach a level of flexibility.  

 
Each part acts as a linear or non-linear tension-strain 

relation in response to applied force and boundaries. 

If the tensions are high enough to cause flexibility 

and deformation of materials, then the network will 

displace and deform. This kind of problem is called 

the lagrangian calculation and it consists of an 

intermediate model for modeling the changes. This 

software is also used to simulate continued behavior 

of separate zones of steeped surfaces, separate faults 

or joints in a layer or separate or steeped zones. This 

software is also capable of modeling underground 

streams. These reactions may be combined with 

different mechanical models. 

Fig2: situation of main tensions around the well 

In this study with the utilization of FLAC3D 

software, the direction which hydraulic fractures 

form according to main tensions is specified with 

modeling the situation of main tension (fig3). In this 

study the hydraulic fracture is created in 90 degrees 

direction. 

 

 
 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

   

 
 

 
 

Figure3 

direction of hydraulic fracture creation based on 

induced stress distribution around the well 

 

 

NUMERICAL MODELING OF HYDRAULIC 

FRACTURING OPERATION 

 
ABAQUS is a collection of powerful engineering 

simulation programs which is based on the finite 

difference method and can solve different problems 

from a simple linear analysis to a nonlinear complex 

one. ABACUS consists of a widespread library of 

elements which can simulate any geometry. This 

software also has a widespread list of material 

behavior models which can simulate the behavior of 

most of the engineering materials like metals, 

rubbers, polymers, composites, reinforced concrete, 

brittle foams and geotechnical materials such as soil 

and rock. This software is designed in a way that it 

acts like a general simulator with widespread 

capabilities therefore it can be used to solve problems 

which are outside of engineering issues (tension-

strain). ABACUS can simulate problems with great 

varieties like heat transfer, mass distribution, thermal 

management of electrical components (electrical 

thermal cupola analysis), sound issues, soil 

mechanics (cupola analysis of pore water flow-

tension) and piezoelectric analyzes. ABACUS 

provides extensive capabilities for simulation of 

linear and non-linear applications.  

The problems which have several parts and different 

materials can be simulated with defining the 

geometry of each component and assigning its 

constituent materials and then defining the 

interaction between the components involved. 

 

  For modeling the drilled well, a block is considered 

as a ground model and a cylindrical hollow is 

considered as a well. The block dimensions is 

considered 20*20 meters and the well diameter is 20 

cm. for modeling the applied structural tensions, 1 σ 

،2σ  3σ  forces are applied to the block. A schematic of 

simulated blocks are shown in figure4. 

For having more accuracy in examining the areas 

around the well, bias meshing technique is used.  

 

 
 

Figure 4 

three dimensional model of a simulated block 

 

MODELING THE FRACTURE 

DEVELOPMENT 
 

One of the most important things in fracturing 

operation is entering of the hydraulic fracture to the 

producing layer. If the fracture enters the adjacent 

layer, the possibility of water production and 

conning increases. When the fracture reaches to the 

contact of two layers, parameters such as horizontal 

tensions and elastic properties of rock and hardness 

and fracture resistance and slippage between layers 

become the main controlling parameters of fracture 

height. 

Among above mentioned factors, a change in 

tension from one layer to another is more important. 

Other factors such as formation heterogeneity, fluid 

loss, injection rate, natural fractures and type the 

fluid used also affect fracture height. Reviewing all 

of these factors in a model is a difficult and time 

consuming process which needs powerful 
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computers. Therefore in most of the papers the effect 

of each of these factors is reviewed separately.  

For reviewing the changes around the fracture, these 

areas are taken into account as smaller meshes for 

increasing the accuracy.  

 

 
 

Figure 5 

created model for hydraulic fracture creation- area 

around the fracture with smaller meshing 

 

After injecting the fluid into the well, the forces in 

well become imbalanced. With entering the fluid into 

the well, the tensions around the well change and 

when the fracture opens, according to the fluid 

mechanic rules, the injected fluid enters to it. The 

flow of fluid entering into the fracture deforms it 

because of the pressure which is applied to it and 

according to the solid deformation theory. When 

fracture deformation reaches a critical level, it causes 

the fracture to develop into the rock. Main tensions 

which before injection had appropriate amount, after 

it become subjected to change and the tension 

contours align with fracture. Figure 6 shows stresses 

change perpendicular to fracture in different stages of 

fracture development. Changes of stresses in tip of 

the fracture are more noticeable but in other parts of 

fracture after a while the tensions become 

approximately constant. 
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Figure 6 

change of tension contours perpendicular to fracture 

in different stages of fracture development 
 

 

REVIEWING FRACTURE DEVELOPMENT 

IN APERTURE POINT OF VIEW 

 
Development of fracture height and confining of it 

with adjacent layer is one of the most important 

things in fracturing operation design. For this 

modeling the impact of adjacent layer is examined 

which has different properties in comparison with 

stimulated layer and located under the stimulated 

layer. In the created model, for reviewing the fracture 

development regarding the model consisting of two 

layers, the initial and boundary conditions are 

defined. In figure 7 a three dimensional view of 

model and displacement perpendicular to fracture is 

shown. In which the adhesive elements are 

eliminated and for having a better clarity, the changes 

are magnified 300 times over.  

 

 
 

Figure 7 

displacement contour in direction of minimum 

tension with 300 times magnification 

 

Occasionally in the hydraulic fracture with an 

increase in length the amount of aperture decreases. 

In other words, in areas near the wide aperture by 

keeping distance from the well wall, the aperture 

amount decreases. If the aperture amount in 

different areas is to be examined, curve in fig8 

should be considered. Some elements are defined in 

order to examine this parameter in different areas of 

the fracture. 

 

 
Figure 8 

displacement amount in different elements of a 

hydraulic fracture 

 

In figure 8 the amount of displacement is in meters 

and time is in hours. The elements near the wellbore 

show more displacement. In other words the curves 

show the elements from the wellbore to the 

hydraulic fracture end. If the aperture and height of 

hydraulic fracture are considered, the amount of 

height in an element, close to well, would be 

maximum and it decreases while getting distance 

from the well so that the height of fracture in the 

remotest element would be minimum. 

 

REVIEWING THE PRODUCTION RATE 

 

Hydraulic fracturing operation can have a 

significant impact on production rate increase. For 

examining the influence of hydraulic fracture on 

production rate and increasing the accuracy, the 

production rate in two apertures with micron 

dimensions and different lengths are measured. For 

measuring this parameter in wellbore different 

nodes are assigned and the production rate is 

assigned according to them. Figure 9 shows 

production rate in different lengths with two 

different apertures. 
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Figure 9 

production rate in different lengths and two apertures 

 

As it is seen from the above figure, the production 

rate has increased significantly in comparison with 

natural condition and without hydraulic fracture. 

With increasing the length, production also increases 

and this increase gets more when the aperture 

increases. But the sensitivity analysis shows that 

production rate increases more with increasing the 

length.  

 

 

CONCLUSION 

 

  It is for more than 60 years since the first hydraulic 

fracturing operation has performed in the world. 

Recently, this operation is being performed in most 

of the wells especially in gas wells to increase the 

production rate. Iran holds the second rank in gas 

source and the fourth in oil in the world. More than 

90% of her reservoirs are carbonates. Therefore 

utilization of hydraulic fracturing operation can be 

considered as an option.  

In this study, the hydraulic fracture was modeled 

using ABACUS software. The results showed that by 

any increase in length, the size of aperture 

experienced a decreasing trend. The tension 

distribution around the hydraulic fracture was also 

shown and its impact on the amount of development 

and aperture was mentioned. Hydraulic fracturing 

shows a great performance for increasing the 

production rate in this study. In other words, 

hydraulic fracturing operation could be one of the 

most effective processes to increase efficiency. 

However, it should be mentioned that if the 

fracturing operation is simulated before the actual 

operation, like what is done with ABACUS 

software, the efficiency could be increased.  
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