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Hydraulic Fracturing

• Hydraulic fracturing is a well-stimulation technique
that is most suitable to wells in low- and moderate-
permeability reservoirs that do not provide
commercial production rates even though formation
damages are removed by acidizing treatments.

• Conductive path is maintained by propping agents
(sand) to hold the fracture faces apart
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Objectives of Hydraulic Fracturing

• Increase the flow rate of oil and/or gas from low
permeability reservoir.

• Increase the flow rare of oil and/or gas from wells that
have been damaged.

• Connect the natural fractures in a formation to the
wellbore.

• Decrease the pressure drop around the wellbore.

• Increase the area of drainage or the amount of formation in
contact with the wellbore.

• Connect the full vertical extent of the formation to the
wellbore.
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Hydraulic Fracturing Mechanism

• Hydraulic fracturing jobs are carried out at well sites using

heavy equipment including truck-mounted pumps,

blenders, fluid tanks, and proppant tanks. Figure 8.1

illustrates a simplified equipment layout in hydraulic

fracturing treatments of oil and gas wells. A hydraulic

fracturing job is divided into two stages: the pad stage and

the slurry stage (Fig. 8.2). In the pad stage, fracturing fluid

only is injected into the well to break down the formation

and create a pad. The pad is created because the

fracturing fluid injection rate is higher than the flow rate at

which the fluid can escape into the formation. After the pad

grows to a desirable size, the slurry stage is started.
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Hydraulic Fracturing Mechanism

• During the slurry stage, the fracturing fluid is mixed with

sand/proppant in a blender and the mixture is injected into

the pad/fracture. After filling the fracture with

sand/proppant, the fracturing job is over, and the pump is

shut down.
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Figure 8.1



Hydraulic Fracturing Mechanism
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Figure 8.2



Formation Fracturing Pressure

• Formation fracturing pressure is also called breakdown
pressure. It is one of the key parameters used in hydraulic
fracturing design. The magnitude of the parameter depends on
formation depth and properties. Estimation of the parameter
value begins with in situ stress analysis.

• Consider a reservoir rock at depth H as shown in Fig. 8.3. The
in-situ stress caused by the weight of the overburden formation
in the vertical direction is expressed as
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Formation Fracturing Pressure
• The overburden stress is carried by both the rock grains and the

fluid within the pore space between the grains. The contact
stress between grains is called effective stress (Fig. 8.3):
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Formation Fracturing Pressure
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(8.5)



Formation Fracturing Pressure
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Figure 8.3



Formation Fracturing Pressure
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Fracture orientation
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• The Hydraulic fractures are formed in the direction
perpendicular to the least stress. Based on experience,
horizontal fractures will occur at depths less than
approximately 2000 ft. because the Earth’s overburden at
these depths provides the least principal stress. In general,
therefore, these fractures are parallel to the bedding plane of
the formation.

• As depth increases beyond approximately 2000 ft.,
overburden stress increases by approximately 1 psi/ft.,
making the overburden stress the dominant stress This
means the horizontal confining stress is now the least
principal stress. Since hydraulically induced fractures are
formed in the direction perpendicular to the least stress, the
resulting fracture at depths greater than approximately 2000
ft. will be oriented in the vertical direction.



Fracture orientation
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Fracture orientation
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Formation Fracturing Pressure
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Example 8.1:



Formation Fracturing Pressure
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Formation Fracturing Pressure
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Productivity of Fractured Wells

• Hydraulically created fractures gather fluids from reservoir

matrix and provide channels for the fluid to flow into

wellbores. Apparently, the productivity of fractured wells

depends on two steps: (1) receiving fluids from formation

and (2) transporting the received fluid to the wellbore. The

efficiency of the first step depends on fracture dimension

(length and height), and the efficiency of the second step

depends on fracture permeability.
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Productivity of Fractured Wells

• The relative importance of each of the steps can be

analyzed using the concept of fracture conductivity defined

as (Argawal et al., 1979; Cinco-Ley and Samaniego,

1981):
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Productivity of Fractured Wells
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Productivity of Fractured Wells

• In the situations in which the fracture dimension is much

less than the drainage area of the well, the long-term

productivity of the fractured well can be estimated

assuming pseudo-radial flow in the reservoir. Then the

inflow equation can be written as
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Productivity of Fractured Wells

• The fold of increase can be expressed as
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Productivity of Fractured Wells
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Productivity of Fractured Wells
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Example 8.2:



Productivity of Fractured Wells
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Productivity of Fractured Wells

• The fold of increase is
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Hydraulic Fracturing Design
• Hydraulic fracturing designs are performed based on parametric

studies to maximize net present values (NPVs) of the fractured

wells. A hydraulic fracturing design should follow the following

procedure:

1. Select a fracturing fluid

2. Select a proppant

3. Determine the maximum allowable treatment pressure

4. Select a fracture propagation model

5. Select treatment size (fracture length and proppant

concentration)

6. Perform production forecast analyses

7. Perform NPV analysis
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Hydraulic Fracturing Design
• A complete design must include the following components to

direct field operations:

1. Specifications of fracturing fluid and proppant

2. Fluid volume and proppant weight requirements

3. Fluid injection schedule and proppant mixing schedule

4. Predicted injection pressure profile
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Hydraulic Fracturing Design

• Selection of Proppant

• Proppant must be selected based on in situ stress conditions.

Major concerns are compressive strength and the effect of

stress on proppant permeability. For a vertical fracture, the

compressive strength of the proppant should be greater than

the effective horizontal stress. In general, bigger proppant

yields better permeability, but proppant size must be checked

against proppant admittance criteria through the perforations

and inside the fracture. Figure 9 shows permeabilities of

various types of proppants under fracture closure stress.
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Hydraulic Fracturing Design
• Selection of Proppant
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Hydraulic Fracturing Design
• Selection of Proppant
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Hydraulic Fracturing Design
• Selection of Proppant
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Example 8.3:



Hydraulic Fracturing Design
• Selection of Proppant
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Hydraulic Fracturing Design
• Selection of Proppant
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• The effective horizontal stress under 4,000-psi 

pressure drawdown:


