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                                                           Abstract 

As human population is increasing, the dependence on oil and gas is also rising. It is expected 

that the world energy demand will increase by 30-40% in the next 20 years and hydraulic 

fracturing will continued to be used throughout the world. This is because hydraulic fracturing is 

a vital technology in releasing the hydrocarbons that human societies rely on. 

Due to high demand for hydrocarbons it is necessary to extract the maximum possible amount of 

hydrocarbon from the formation using hydraulic fracturing. This process has been used for more 

than 60 years but in the last few years it has grown rapidly. 

The purpose of this report is to better understand the process of hydraulic fracturing by studying 

various techniques, equipment, fracturing fluids and proppant involved in it. The case study at 

the end of the report shows how this technology is applied in the field and how it improves 

production.  
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1. Introduction 

Hydraulic fracturing is a well stimulating technique used to increase the well productivity. As the 

crude oil and natural gas are trapped at certain places in the rocks, so this technique helps to 

move them through the pores and artificially creates channels to the production well. From the 

well, the oil and gas are brought to the surface for further use. In the hydraulic fracturing 

technique, fracturing fluid/pumping fluid is usually made from mixing water with sand and 

injecting it under high pressure into the formation. The water comprises of about 95% of the 

fluid system. Some chemicals are also added to the mixture to achieve different objectives such 

as the prevention of corrosion depending on the nature of the formation. Gelling agents are used 

in the mixture to make it viscous enough to bring the proppant efficiently to the fracture to hold 

the fracture open and make a way for the oil and gas to easily come to the well. Once the 

hydraulic fracturing process is finished, 15-80% of the fracturing fluids used are recovered. This 

fracturing fluid is stored in open pits or tanks for re-use in the wells. So the hydraulic fracturing 

process creates a fracture or fracture system by injecting fluid under pressure. A hydraulically 

induced fracture acts as a conduit in the rock that allows the oil to flow freely to the production 

well that can bring it to the surface (Howard & Fast.1970) (API, 2009). 

Oil and gas are sometimes found in small deposits, and due to high demand for oil and gas they 

must be accessible (Figure.1.1).  Hydraulic fracturing technique can make these deposits 

accessible. (Halliburton, 2008). 
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                 Figure 1.1: Hydrocarbons from small, scattered reservoirs (Halliburton, 2008) 

Once it is decided that hydraulic fracturing technique will be carried out in certain zones then 

these zones are perforated. Perforation is the hole created between the casing and the reservoir; 

the oil and gas is produced through this hole. Usually a perforated gun with shaped charges is 

used for perforation (Figure 1.2). 

                                      

                                Figure 1.2: Perforation of productive zones (Halliburton, 2008)      

After the completion of the perforation, the zone in which the hydraulic fracturing will be carried 

out is separated from the entire well bore. Fracturing of the rock is started by pumping fracturing 

fluid at a pressure high enough to create a fracture (Halliburton, 2008). 
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                      Figure 1.3: Fluid is pumped with pressure after perforation (Halliburton, 2008). 

The sequence of operation in hydraulic fracturing can be followed in the following manner. The 

first step of hydraulic fracturing is called pad stage. In this, fracturing fluid is pumped into the 

formation without proppant to produce a fracture as shown in Figure 1.3. Sometimes a small 

amount of sand is used in the fluid to fully open the perforation. To initiate a fracture in the 

formation the fluid volume in the fracture must be enough to compensate for the fluid leak-off 

throughout the treatment. 

                                        

                   Figure 1.4: Fluid carrying proppant is pumped in to the fracture (Halliburton, 2008) 

 The next stage of the process is called the proppant stage. The purpose of this stage is to carry 

the proppant into the fracture to keep it open so that oil and gas flow through the conductive path 
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to the well. Figure 1.4 shows the proppant stage in which the fracture is filled with the fluid 

carrying proppant to hold it open for the oil and gas to flow. The next stage of the process is the 

displacement stage. Its purpose is to push the proppant into the fracture so it is not left in the pipe 

(API document, 2009). At the end of treatment the well is shut-in for some time to allow the 

fluid leak-off and, as a result, the fracture closes behind the proppant pack and stresses it.                                          

                                                                                            

Figure 1.5: Hydrocarbon production begins after the treatment (Halliburton, 2008) 

Figure 1.5 shows that the hydraulic fracturing process is finished and the well is cleaned and 

ready for production. The fracturing fluids used in the process are allowed to flow to the surface 

and is kept in the tank for re-use in the future treatments (Figure 1.6). 

                                

    Figure 1.6: Fluid stored in vinyl-lined pit after the treatment (Halliburton, 2008)                                         
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2. Purpose of Fracturing 

The purpose of hydraulic fracturing treatment is to bypass damage to the wellbore as a result of 

fines produced due to drilling, to enhance production by making flow linear, to reduce number of 

wells needed by creating long fractures and it also helps in secondary recovery operations such 

as adding water to formation. These purposes of hydraulic fracturing are discussed in the 

following sub-sections. 

 2.1. Damage Bypass 

There are certain activities that cause damage near the wellbore which lead to reduction in 

productivity. The drilling operation itself causes damage to the formation as the solids and fluids 

of the drilling fluids, as well as the fines produced due to the drilling operation, invade the 

formation and reduce the formation permeability and the ability of the oil and gas to flow to the 

wellbore. Sometimes the drilling fluid is not chemically compatible with the formation and it 

damages the wellbore. In cases when the formation is damaged chemically, matrix treatment is 

preferably used to improve productivity, but sometimes it doesn’t work. When this happens, 

hydraulic fracturing is used to bypass damage (Economide & Nolte, 2000). 

2.2. Improved Productivity 

Hydraulic fracturing improves the productivity by creating a conductive path into the reservoir. 

According to Darcy’s law 

                                                                                                               (2.1) 

Whereas k= Formation permeability         
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∆P = Pressure drop 

A= Formation flow area                                

 µ = Reservoir fluid viscosity                                                  

  L = Length of flowing medium 

 Flow rate q is increased with the formation permeability k, formation flow area A and pressure 

drop ∆P. 

In the absence of hydraulic fracturing the fluid flow from the reservoir to the wellbore is radial 

which is not an efficient flow regime. In radial flow there is very little space available for the 

fluid to pass, and blocking of the fluid causes reduction in flow. After hydraulic fracturing, the 

flow becomes linear, which is a more efficient flow regime increasing the flow rate and 

ultimately increasing well productivity (Figure 2.1) (Daneshy Ali, 2010). 

                    

         Figure 2.1: Patterns of flow to an unfractured and fractured well (API document, 2009) 
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In the two completion cases shown in Figure 2.1 natural completion and hydraulic fracture 

completion, it is obvious that the parameter A which is formation flow area in equation 2.1 is 

notably different. In the case of hydraulic fracture completion, the formation flow area is more 

greatly increased, which increases flow rate. 

2.3. Reservoir management 

Reservoirs can be managed better if fractures are created. For example, fewer wells are needed if 

long fractures are created in formations with low permeability (K<0.1 md), and we can achieve 

higher production saving the cost of extra wells (Economides & Nolte, 2000). 

2.4. Helping secondary recovery operations 

Hydraulic fracturing increases access of water to the reservoir formation when water injection is 

used as a secondary recovery method by increasing the flow area with bigger fractures. As a 

result, water can easily be injected and pressure can be increased to a level where production can 

take place (Howard & Fast, 1970). 
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                 3. History and Development of Hydraulic Fracturing 

The first operation of hydraulic fracturing was in the Hugoton gas field in western Kansas in 

1947(Gridely et al, 1989). This operation was completed on the Keppler No 1 well which was in 

Grant County and was selected for hydraulic fracturing because it had small deliverability. This 

well was initially completed with downhole acid treatment. The well was finished with four gas 

productive pay zones of lime stone from 2,340 ft to 2,580 ft. The bottomhole pressure of the well 

was around 420 psi. 

The mechanical pumping equipment used in the operation was a centrifugal pump to blend the 

gasoline-base napalm gel fracturing fluid. To pump the gel in to the well a positive displacement 

pump was used. The difficulty of the first operation was due to the fact that all the units, 

including mixing tanks, were kept 150 ft apart, due to the risk of fire. 

After the well was cleaned, flow meter tests were performed which showed that production 

characteristics were changed by hydraulic fracturing treatments, but the deliverability of the well 

was not changed significantly and led to the incorrect belief for some time that, economically, 

fracturing had no benefit over acidizing for carbonate formation, which was later proven wrong. 

In 1966 hydraulic fracturing was used as a stimulation technique in the Hugoton field.  Low cost 

water pumped at high pressure to make fractures has proven to be successful, effective and 

economical for stimulating well.  

In 1964, Clark reported the successful use of hydraulic fracturing in 11 of 23 wells in five gas 

and oil fields located in East Taxas, Colorado, Kansas, Oklahoma and Wyoming (Clark, 1949). 

Up till 1964, more than 40,000 hydraulic fracturing jobs were performed. All these jobs were not 

small jobs involving small amounts of water and sand; interestingly, some of them were huge 
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jobs that involved a large amount of water and sand for the treatment. Another interesting change 

is the change of hydraulic fracturing fluid from oil based to water-based. The oil based fluid was 

used initially to avoid the formation damage caused by the water based fluid. However, with the 

advancement in technology, new additives were developed that promoted the compatibility 

between the fracturing and reservoir fluids. This advancement helped achieve the goal of using 

aqueous-based fluid by 1964 (Hassebroek and Waters, 1964). Another development was the 

technique that transformed mini-hydraulic fracturing treatments for short fracture lengths into 

deeply penetrating massive hydraulic fracturing treatments. This advancement in the 1970’s was 

responsible for considerable financial gain in the field of tight gas formation (Veacth, 1983).  

Initially, hydraulic fracturing was developed to bypass the near wellbore damage caused by 

drilling activities. This was the first generation of hydraulic fracturing. When massive hydraulic 

fracturing started, deeper fractures were made in the formation. This was the second generation 

of hydraulic fracturing treatments (Economides and Nolte, 2000). 

The growth of hydraulic fracturing treatments was rapid in the 1980’s. About 800,000 treatments 

were carried out until 1981 and the number surpassed one million in 1988. At that time, with the 

help of hydraulic fracturing, 25-30% of total U.S reserves were economically productive and 35-

40% of newly drilled wells were hydraulically fractured throughout the world (Veatch, et al., 

2001). 

After that, a new technique of hydraulic fracturing was developed. The purpose of this technique 

is not to improve the productivity but to control or prevent the sand production in poorly 

consolidated or unconsolidated formations by changing the flow path. This technique is used in 

medium and high permeability formations (Economides and Nolte, 2000). The general idea of 
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this technique is to create an early TSO (Tip screen out). In this process proppant is pumped 

early during the fracture treatment. The proppant forms a bridge at the tip. This bridge reduces 

the fluid pressure at the fracture tip and instead of increasing the length of the fracture, the width 

increases (Ellis, 1998). 

The fundamental principles of the hydraulic fracturing have remained the same but several areas 

of this technique have improved in the last few years. Some of the important areas are briefly 

described below: 

- Refracturing:  Refracturing is used in order to improve the production from the start of 

hydraulic fracturing (Conway, et al., 1985). Refracturing is common practice and fracturing a 

well several times is normal (Moore and Ramakrishnan, 2006). A few hundred refracturings are 

performed whereas 20,000-30,000 wells are hydraulically fractured every year. A lot of these 

wells are good candidates for refracturing (Cole, 2001). 

- Application of new technology:  A number of new technologies expanded the choice available 

to perform fracturing operations successfully. These technologies included fracturing through 

coiled tubing, ultra-light weight proppant, and use of unconventional fracturing fluids (Martin. 

A.N et al, 2010). 

- Unconventional Gas Reservoirs:  Unconventional gas reservoirs need hydraulic fracturing to be 

economically beneficial. Unconventional gas production is associated with tight gas, coalbed 

methane and shale gas (Schein and Mack, 2007). Methane gas has become a major energy 

resource in the USA and is under consideration in many countries. Stimulation by hydraulic 

fracturing is needed to increase production (McDaniel, 1990). 
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                             4. Fundamentals of Hydraulic Fracturing 

4.1. In-situ stresses 

 There are three principle earth stresses oriented at right angles to one other. These are: vertical 

stress v), maximum horizontal stress ( max) or intermediate stress and minimum horizontal 

stress ( min ). According to Economides and Martin (2007) “Fractures will always propagate 

along the path of least resistance. In a three dimensional stress regime, a fracture will propagate 

so as to avoid the greatest stress and will create width in a direction that requires the least force. 

This means that a fracture will propagate parallel to the greatest principal stress and 

perpendicular to the least principal stress. This is a fundamental principle; therefore, the key to 

understand fracture orientation is to understand the stress regime”. A description of three 

principal in-situ stresses is given in the following sub-sections. 

4.1.1. Vertical stresses 

 The absolute vertical stress, v, in psi corresponds to the weight of the overburden, and is given 

by (for example, Economide & Hill, 1993) 

                                                                                 v = /144      

where       = the density of the formations overlying the target reservoir Ib/cuft 

                                            D =Depth to target reservoir (ft) 

In a porous medium, the weight of the overburden will be carried by both the grains and the fluid 

within the pore space. An effective stress is defined as  
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where     = Biot’s poroelastic is a measure of how effectively the fluid transmits the pore 

pressure to the rock grains. Its value for most hydrocarbon reservoirs is approximately                           

equal to 0.7 (Economide & Hill, 1993) 

 P= Pore pressure (psi) 

4.1.2. Horizontal stresses 

The vertical stress is translated horizontally through the poisson ratio (v) 

                                          

where    = effective horizontal stress (psi) 

Poisson’s ratio is a rock property which is defined as the ratio of lateral unit strain to the 

longitudinal unit strain in material which is stressed in one direction without any failure or 

rupture. For sand stones it is approximately equal to 0.25, implying that the effective horizontal 

stress is approximately one – third the effective vertical stress. 

The absolute horizontal stress, , would be equal to the effective stress plus αp  

                                         =                                               

Due to tectonic loading, the horizontal plane stress varies with direction. The above horizontal 

stress is the minimum horizontal stress, the maximum horizontal stress is 

                                     max = min tect       

Where    tect= tectonic stress contribution (psi) 
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From the above discussion it is clear that there are three principal stresses in the formation and 

the fracture will propagate perpendicular to the minimum principal stresses (Economides & Hill, 

1993).    

4.2. Fracture Geometry Models 

The development of efficient hydraulic fracturing models is a major breakthrough in hydraulic 

fracturing. It is important to predict the fracture dimensions before the pumping to optimize the 

treatment process. Improvement of the computer modeling is an important component that is 

able to accurately predict the fracture growth and dimensions for a given injection rate, time and 

fluid leak off.   

Initially hydraulic fracturing used two dimensional models (2D) that use fixed fracture height. 

From these models more complex pseudo three-dimensional (P3D) and three dimensional (3D) 

models have evolved which have the advantage of more computing power. 

Some of the commonly used geometry models described in the following sub-sections. 

4.2.1. The PKN model 

The PKN model is used for long fractures of limited height and elliptical vertical cross-section. 

Initially Perkins and Kern (1961) developed a PK model for fixed height vertical fracture. 

Nordgren (1972) added the effect of leak off and storage within the fracture (due to increasing 

width) to the PK model, what is now known as the PKN model. This model is applied to the 

fractures in vertical plane. It has an elliptical shape at the wellbore with a maximum width at the 

centre. It assumes that fracture has a fixed height independent of fracture length and length is 

much greater than height as shown in Figure 4.1. It also assumes that the fluid flow and fracture 

propagation are one-dimensional in a direction perpendicular to the elliptic cross-section. The 

fracturing fluid pressure is constant in vertical cross-sections perpendicular to the direction of 
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propagation. Reservoir rock stiffness, its resistance to deformation is in vertical plane which 

means each vertical cross-section deforms independently from the other (Gridley et al, 1989). 

                

                             

                             Figure 4.1: The PKN model (after Adachi et al., 2007) 

 

4.2.2. The KGD or plane strain model 

The first model to simulate fracture propagation was developed in 1955 by Khristianovic  and 

Zheltov. In 1969, Geertma and de Klerk improved Khristianovic and Zheltov’s  model and 

proposed a new 2D model known as the KGD model. The KGD model is applicable for short 

fractures where the assumptions of plane strain are applied to horizontal sections. This model is 

applied to the fractures in vertical planes. It makes an assumption that fracture has a fixed height 

and height is greater than the fracture length. It has a rectangular cross-section of the fracture as 

shown in Figure 4.2. It also assumes that fluid flow and fracture propagation are one-dimensional 
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in a direction perpendicular to the rectangular cross-section. Rock stiffness is taken into account 

in 2D plane strain deformation in the horizontal plane only, so each horizontal cross-section 

deforms independently from the other (Gridley et al, 1989). 

 

                   

                               Fig 4.2: KGD model (after adachi et al., 2007)  

 

4.2.3. The penny-shape or radial model 

A simple radial (penny-shaped) model was presented by Sneddon and Elliot (1946). This model 

is applicable when there are no barriers constraining height growth or when a horizontal fracture 

is created. It assumes the fracture height equals the fracture length. 
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                 Figure 4.3: The penny-shaped or radial model (after adachi et al., 2007) 

 

4.3. Fracture Height 

Two-dimensional models require value for a fracture height so that length and width of a fracture 

can be calculated with volume and flow considerations. Fracture height growth is controlled by 

rock mechanics consideration such as in-situ stress, stress gradients, stress magnitude differences 

between different geologic layers and differences in strength between different layers. 

4.3.1. Limitation of fracture height growth 

The two main factors that control the height of fracture are contrast in in-situ stresses between 

the layers and contrast in material properties. Contrast in in-situ stress is the major factor that 

control the height growth whereas contrast in material properties does not have a dominating 

effect unless very large (five times or larger). These factors that contribute to the containment of 

hydraulic fracture height are discussed in the following paragraphs. 

4.3.1.1. Stress contrast: If there is a significance difference in the stresses between the layers 

then it can make it very difficult for the fracture to extend. Contrast in in-situ stress is the 

predominant factor that influences the height growth of hydraulic fracture. Laboratory 
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experiments show that stress contrast of 400 psi is enough to contain the height growth. The 

fracturing fluid does not have enough pressure to split the rock and without significant increase 

in net pressure the fracture cannot grow in height. The ratio of the net pressure Pnet to the stress 

difference ∆σ controls the height of the fracture. Figure 4.4 & 4.5 shows different cases to 

demonstrate the relationship of net pressure to stress difference. 

Case 1: When the net pressure is small as compared to ∆σ i.e. less than 50% of stress difference, 

then the fracture height is less and the fracture is confined between the layers and it propagates 

horizontally as shown in Figure 4.4. 

                                                                             
Figure 4.4: The case of limited height growth when Pnet is much smaller as compared to 

∆σ (Economides & Nolte, 2000) 

 

Case 2: When net pressure is much larger than existing stress difference i.e. four times more than 

the stress difference, then the fracture height is much more and fracture propagates to the 

neighbouring layers. The geometry of fracture is radial or circular. This case is shown in Fig 4.5. 

Case 3: When the net pressure is equal to stress difference then it is difficult to predict fracture 

geometry and a small change in net pressure can increase or decrease the fracture height 

(Economide & Nolte, 2000). 
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 Figure 4.5: The case of unlimited height growth when Pnet is much larger as compared   

to ∆σ (Economides & Nolte, 2000) 

 

4.3.1.2. Fracture toughness: In some formations it is quite easy to propagate the fracture and 

therefore less energy (Pnet) is used. Such formations are called brittle and have low fracture 

toughness whereas other formations are ductile and need more energy to propagate fracture and 

are said to have high fracture toughness. If the fracture propagates from brittle to ductile 

formation then extra energy is required. In case of unavailability of energy the fracture will not 

propagate into the ductile formation so the difference in fracture toughness can be a barrier to the 

height growth (Economides & Martin, 2007) 

4.3.1.3. Young’s modulus: Young’s modulus can restrict the fracture height if the modulus of 

the pay zone is less than the boundary layers. Rocks with high Young’s modulus require a lot of 

energy (net pressure) to propagate fracture and are referred to as hard formation whereas rocks 

with small Young’s modulus require less energy to propagate fracture and are termed as soft 

formation. So if the fracture propagates from soft to hard formation then more energy is required. 

In the absence of extra energy the fracture will not propagate into hard formation. (Economides 

& Martin, 2007) 
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                                 5. Criteria for selecting a candidate well 

 Choosing an excellent candidate for stimulation results in success whereas choosing a poor 

candidate leads to economic failure. The following parameters can be used in selecting oil and 

gas wells for fracturing treatments. If these properties are taken into considerations, they will 

facilitate the task of identifying proper candidate for this expensive job. 

5.1. Reservoir Permeability: There are several factors which govern reservoir permeability. 

These factors are lithology, design of treatment, and available equipment. As these factors differ 

for different fields so the reservoir permeability also differs. There is not an exact range of 

reservoir permeability that is appropriate for hydraulic fracturing. 

Based on experience there are some classifications which provide a general idea about reservoir 

permeability for hydraulic fracturing. According to one classification good candidates for matrix 

stimulation are oil reservoirs with permeabilities of 10 md or more. For hydraulic fracturing, oil 

reservoir permeability of 1 md or below is considered a good candidate. If the permeability is 

between 1 and 10 then selecting a suitable stimulation technique is difficult and it needs more 

study. Permeability less than 0.1 md is a good candidate for gas reservoir. 

Other classifications show that permeabilities less than 5 md are good candidates for oil 

reservoirs whereas less than 0.5 md is appropriate for a gas reservoir. 

5.2. Reservoir Skin Factor: Skin factor refers to whether the reservoir is already stimulated or 

perhaps is damaged. If the skin factor is positive, the reservoir is damaged and the permeability 

is reduced due to drilling and well completion, and could possibly be an excellent candidate for 

stimulation. If the skin factor is negative, natural fracture or a stimulated well may exist and 

permeability is higher than expected. Negative skin factor indicates that near wellbore region 

permeability is more than the formation permeability.  
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5.3. Production History of the Well:  It is a good idea to consider the production history of the 

candidate well and to compare it with the productivity of some of the offset wells. It provides a 

better understanding of the productivity decline of the candidate well. 

5.4. Oil/Gas In Place Volume, Hydrocarbon Saturation and Reservoir Pressure: An 

important factor in the selection of a candidate well for hydraulic fracturing is the amount of 

hydrocarbons in place. The purpose of hydraulic fracturing is to increase the productivity but if 

there is not enough oil and gas then it is not economically viable. For good results it should have 

a considerable amount of oil and gas in place and reasonable reservoir pressure. There is no 

exact value for oil and gas in place, reservoir pressure and hydrocarbon saturation, but it should 

be such that doing hydraulic fracturing is economically profitable. Some of the typical values are 

given in Table 1 

   Table 5.1: Typical Values of some Parameters for Hydraulic Fracture (Hyderabadi, et al, 2010) 

Parameter Oil Reservoir Gas Reservoir 

Hydrocarbon saturation    >  40% >  50% 

Water cut    <  30% <  200bbl/MMscf 

Reservoir pressure    <  70% depleted Twice abandonment press 

Gross reservoir height    >  10m >  10 m 

 

5.5. Containment of Hydraulic Fracture: Containment of the hydraulic fracture is important 

because it is undesirable that the fracture contact unwanted fluid as it has a negative impact on 

production. The containment of the fracture depends on the inter-bed as to whether it is able to 

contain the fracture or not. As we know, fractures always propagate perpendicular to the 

minimum horizontal stress. Consider two cases: In the first case, if the stress increases with the 
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depth, the fracture will propagate in an upward direction as the stress is minimum. When it 

reaches the overburden it will continue to propagate as there is no barrier to stop the propagation 

as shown in Figure 5.1a. In the other case, all the conditions are the same except the overburden 

is overstressed. So in this case, when the fracture reaches the overburden it stops propagating 

upward because the overstressed overburden does not allow the fracture to go in that direction. 

So the fracture starts to propagate horizontally as shown in Figure 5.1b. 

  

 Figure 5.1: Containment of fracture a) constant stress gradient b) overstressed overburden 

(hyderabadi, et al, 2010) 

5.6. In-situ stress profile: To design a hydraulic fracture it is important to have an exact 

knowledge of the in-situ stress field, and more importantly, the in-situ minimum horizontal 

stress. For determination of the minimum horizontal stress three methods are commonly used. 

These are dipole sonic logging, core analysis, and micro-frac test. Dipole sonic logging gives 

detailed information and continuous data about the formation, unlike the point measurement of 

core and the micro-frac test. Even though the micro-frac test is expensive it is considered the best 

method for direct measurement of in-situ horizontal stress. 
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All three of the above methods have their pros and cons so to obtain the best continuous in-situ 

stress profile we have to use all three and then integrate them together. This will give us the best 

results (Hyderabadi, et al, 2010).  
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                                           6. Fracturing Fluids 

The main function of the fracturing fluid is to induce and extend the fracture in the formation 

bearing hydrocarbons and to transport and deposit the proppant in to the fracture to keep it open 

to improve the productivity (Parker et al, 2003). 

The main component of the fracturing fluid is water with a gelling agent. Other additives are 

used to achieve a number of objectives. For example, a natural polymer derived from guar beans 

is used for viscosity. 

           

                        Figure 6.1: Typical fracturing fluid composition (Halliburton, 2008) 

 A large number of different fracturing fluids are available for hydraulic fracturing 

treatments. Each fluid has different physical and chemical properties. 

The fracturing fluids perform the following functions in hydraulic fracturing 

- Initiate and propagate the fracture 
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- Transport and deposit the proppant throughout the fracture 

- Easily return back to the surface while increasing productivity. 

6.1. Properties of the Fracturing Fluids 

Due to the important role of fracturing fluid in the hydraulic fracturing it is important to ensure 

that it contains all the properties which enhance the efficiency of the fracturing fluids. The 

following are some of the important properties the fracturing fluid must contain for the 

successful hydraulic fracturing process (Gridley et al, 1989). 

• Fracturing fluid should be compatible with formation material and formation fluid. It is 

the most important characteristic for successful hydraulic fracturing treatments. If the 

fracturing fluid causes swelling of clay in the formation, creates emulsion, causes 

movement of fines, all these are undesirable and cause failure of the treatment. 

• Fracturing fluid should have the ability to suspend proppants and carry them deep into the 

fracture. To suspend proppants and transport them for long distances the fluid needs high 

viscosity. 

• The best fracturing fluid should be efficient. Efficient fluid is the one that remains in the 

fracture and only a small portion is lost to the formation. If a lot of fluid leak-off occurs 

then the desired fracture size cannot be achieved. This purpose can be achieved by 

mixing high viscosity fluid with fluid loss additives. 

• The fracturing fluid should be easy to remove from the formation after the treatment. It 

can be done by changing high viscosity fluid into low viscosity fluid. Breaking agents 

such as enzymes, oxidizers or weak acids are used to reduce fluid viscosity. 
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• The fracturing fluid should have low friction pressure. Friction pressure is the pressure 

loss due to friction effects in the wellbore as fluids are injected. As the fluid flows 

through pipes and tubing it develops friction. To overcome this friction pressure loss 

occurs. Fluid with high friction pressure means more pressure loss, which is undesirable. 

• Fracturing fluid should be stable enough to retain its viscosity throughout the treatment. 

This factor is important in high temperature wells where fluid loses its viscosity due to 

the heat. 

• Fracturing fluid should be easy to prepare in the field. 

• Fracturing fluid should be cost-effective. It is an important and realistic property as 

economics play an important role in the hydraulic fracturing treatment. If the fluid 

contains all the above properties but will not be cost effective it will not be considered an 

ideal fluid. 

6.2. Types of fluid used in hydraulic fracturing  

Specialized fracturing fluids are developed depending on the formation and fracture requirement 

in order to help increase production. Different types of fracturing fluids used in hydraulic 

fracturing are as follow (Gridley et al, 1989): 

6.2.1. Water-based fluid: water based fluids are used in most hydraulic fracturing treatments. 

After polymers and crosslinkers were discovered, water-based fluid replaced most of oil-based 

fluid because of their low cost and good performance. These additives increase the viscosity of 

the fluid.  
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6.2.2. Oil-based fracturing fluids: These are the first fluid used in the fracturing. They are less 

damaging to the formation. Initially their viscosity made them very attractive. They are used for 

extreme water sensitive formation. These are expensive and difficult to handle. 

6.2.3. Alcohol-based fracturing fluids: Methanol & isopropanol used either as a component of 

water-based fluid and oil-based fluid or by itself as a fracturing fluid. Alcohol reduces the 

surface tension to remove water block as well as it has a great use as temperature stabilizer in 

fracturing fluids.. They are used in water-sensitive formations.    

6.2.4. Foam-based fluids: Foams are created by adding gas to oil-based or water-based fluids. 

Surfactants are used to increase the stability of the foams. Foams have good fluid-loss control in 

low-permeability formations. The common foam used in the industry is nitrogen foam fracturing 

fluids and carbon dioxide foam fracturing fluids.  

6.2.5. Emulsion fracturing fluids: The emulsions are created by mixing oil in water or water in 

oil. The advantage of emulsion fluid is its high viscosity which gives good proppant transport 

property. Its disadvantage is its high friction pressure and high cost of the fluid. Its use is limited. 

6.2.6. Energized fracturing fluids: Fluids are energized either with N2 and CO2 to minimize the 

amount of liquids introduce into the formation. It also enhances recovery of the fluid. Both  N2 

and CO2 have their own advantages and disadvantages which should be considered as well as 

their relative cost-effectiveness be compared before their use (Economides & Martin, 2007). 

6.2.7. Unconventional fluids: Unconventional fluids are used for unconventional formations 

e.g. shales or coal bed. Some of the unconventional fluids are viscoelastic surfactant fluids, 

crosslinked foam, Non-aqueous methanol fluids (Economides & Martin, 2007). 

Some of the fracturing fluids and their condition of use are shown in Table 6.1. 
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                 Table 6.1: Fracturing Fluids and Conditions for Their Use (EPA-2004)         

Base fluid Fluid type Main composition Used for 

Water-based Linear fluids Gelled water, 

GUAR<HPG,HEC,CMHPG 

Short fractures 

low temperatures 

Water-based Crosslinked fluids Crosslinker+GUAR, 

HPG,CMHPG,CMHEC 

Long fractures  

high temperatures 

Foam-based Water-based foam Water and foamer +N2 or 

CO2 

Low pressure 

formations 

Foam-based Acid-based foam Acid and foamer +N2 Low pressures, 

water sensitive 

formations 

Foam-based Alcohol-based foam Methanol and foamer + N2 Low pressure 

formations with 

water blocking 

problems 

Oil-based Linear fluids Oil, gelled oil Water sensitive 

formations, short 

fractures 

Oil-based Crosslinked fluids Phosphate ester gels Water sensitive 

formations, long 

fractures 

Oil-based Water external 

emulsions 

Water + Oil + Emulsifier Good for fluid loss 

control 

 

6.3. Fracturing fluid additive 

Fracturing fluid additives are used to perform some important functions in the hydraulic 

fracturing. They enhance fracture creation and help in increasing the proppant carrying 

capability. Various additives are used to break the fluid, control fluid loss and improve fluid 

efficiency, minimize formation damage, adjust PH, control bacteria or improve high-temperature 

stability.  

Additives that help in fracture creation are viscosifiers such as polymer and cross-linking agents, 

temperature stabilizers, PH control agents and fluid loss control material. Breakers, biocides and 

surfactants are used to minimize formation damage. (chemtotal. pty Ltd, 2010) 
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Care must be taken while using multiple additives so that one additive does not interfere with the 

function of another. 

Table 6.2: Fracturing fluid additives,http://www.netl.doe.gov/technologies/oil-

gas/publications/EPreports/Shale_Gas_Primer_2009.pdf 

Additive Type Main Compound(s) Purpose Common Use of Main 

Compound 

Diluted Acid (15%) Hydrochloric acid or 

muriatic acid 

Help dissolve minerals 

and initiate cracks in the 

rock 

Swimming pool 

chemical and cleaner 

Biocide Glutaraldehyd Eliminates bacteria in the 

water that produce 

corrosive by-products 

Disinfectant; sterilize 

medical and dental 

equipment 

Breaker Ammonium persulfate Allows a delayed break 

down of the gel polymer 

chains 

Bleaching agent in 

detergent and hair 

cosmetics, manufacture 

of household plastics 

Corrosion Inhibitor N,n-dimethyl formamide Prevents the corrosion of 

the pipe 

Used in pharmaceuticals, 

acrylic fibers, plastics 

Crosslinker Borate salts Maintains fluid viscosity 

as temperature increases 

Laundry detergents, hand 

soaps, and cosmetics 

Friction Reducer Polyacrylamide 

mineral oil 

Minimizes friction 

between the fluid and the 

pipe 

Water treatment, soil 

conditioner, make-up 

remover, laxatives, and 

candy 

Gel Guar gum or 

hydroxyethyl cellulose 

Thickens the water in 

order to suspend the sand 

Cosmetics, toothpaste, 

sauces, baked goods, ice 

cream 

Iron Control Citric acid Prevents precipitation of 

metal oxides 

Food additive, flavoring 

in food & beverages; 

Lemon Juice ~7% Citric 

Acid 

KCI Potassium chloride Creates a brine carrier 

fluid 

Low sodium table salt 

substitute 

Oxygen Scavenger Ammonium bisulfite Removes oxygen from 

the water to protect the 

pipe from corrosion 

Cosmetics, food and 

beverage processing, 

water treatment 

pH Adjusting Agent Sodium or potassium 

carbonate 

Maintains the 

effectiveness of other 

components, such as 

crosslinkers 

Washing soda, 

detergents, soap, water 

softener, glass and 

ceramics 

Scale Inhibitor Ethylene glycol Prevents scale deposits in 

the pipe 

Automotive antifreeze, 

household cleansers, and 

deicing agent 

Surfactant Isopropanol Used to increase the 

viscosity of the fracture 

fluid 

Glass cleaner, 

antiperspirant, and hair 

color 
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                                           7. Propping Agent 

 Once the fracture is created then it is necessary to keep the walls of the fracture open enough so 

that the conductive path to the wellbore is maintained after the pumping has stopped and the 

pressure is dropped to keep the fracture open. For this purpose a propping agent or proppant is 

used. The proppant must enable the fracture to have permeability more than the formation. 

 7.1. Types of proppant 

The different types of proppant in use today are divided into two categories: naturally occurring 

sands and manmade ceramic, or bauxite, proppant. Sands are used in places where the closure 

stress is below 6000 psi, whereas man-made ceramics are used in deeper applications where 

closure stress exceeds 6000 psi. Various type of proppants used are discussed as under (Gridley 

et al, 1989) 

7.1.1. Ottawa-type sand: It is also called white sand due to its colour. Ottawa sands are the most 

used proppant and are considered to be high quality for fracturing applications. It is well-

rounded, pure quartz sand. This sand is well processed. Ottawa-type sand is shown in Figure 7.1. 

                           

                       Figure 7.1: Ottawa-type sand (Ali, 2010) 
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7.1.2. Brady-type sand: Brady-type sand is also known as brown or Texas sand. It is rounded 

quartz and it contains colour due to iron oxide contamination. It is less costly. Brady sand is 

more angular and contains more impurities (feldspar) than Ottawa sand. Brady-type sand is 

shown in Figure 7.2. 

                    

                  Figure 7.2: Brady sand grains (Economide & Martin, 2007) 

7.1.3. Sintered bauxite: Sintered bauxite is considered as a standard and other proppants are 

measured against it. Sintered bauxite is a less costly, inert high-strength ceramic proppant. It is 

mainly composed of corundum which is very hard. Its hardness is 9 on Moh’s scale of hardness 

which is just below the diamond whose hardness is 10. Under high stress it does not shatter as 

sand does but divides into large pieces which even then provide flow capacity. Initially its shape 

is angular which causes abrasion due to which equipment failure occurs, but changing its shape 

to round causes less abrasion and is more successful. Due to its high cost it is only used in wells 

with very high closure stresses, usually higher than 10,000 psi. Figure 7.3 shows sintered 

bauxite. 
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                            Figure 7.3: Sintered bauxite (Ali, 2010) 

7.1.4. Intermediate strength ceramic proppant: Although intermediate-strength proppant 

(ISP) is not as durable and strong as sintered bauxite its advantage over bauxite is that it has 

lower density. Its density is considered close to that of sand but its strength is greater than sand. 

Its roundness and sphericity are better than sand. Due to its improved performance at 

intermediate wells it may replace sand. It is used in applications having closure stress between 

8,000 and 12,000 psi. The proppant particles offer great resistance to corrosion by hot brine 

formation. The proppant breaks down into large particles which provide good flow capacity at 

high stress regions. Figure 7.4 shows intermediate strength ceramic proppant. 

                       

        Figure 7.4: Intermediate strength proppant (Economide & Martin, 2007) 
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7.1.5. Lightweight ceramic proppant: Lightweight ceramic (LWC) is not as strong as bauxite 

or ISP proppant. Its specific gravity is 2.72, closer to sand. LWC proppants have better strength, 

greater sphericity, and have much higher conductivity than the same sized high quality sand. 

 

                              

                            Figure 7.5: Lightweight proppant ( Ali, 2010) 

7.1.6. Resin coated proppant:  Resin coated sand is the most common resin coated proppant. 

These proppants are low in density and have intermediate strength. Resin coated proppants are 

available in two forms: curable resin coated and precured resin coated Ottawa-type sand. Pre-

cured resin coated proppant is good to use at higher stress levels. Resin-coated proppant is 

weaker than ceramic proppants. It is better than conventional fracturing sand at high stress levels. 

Figure 7.6 & 7.7 shows curable resin-coated and pre-cured resin coated proppant. 
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                             Figure 7.6: Curable resin-coated (Ali, 2010) 

                           

              Figure 7.7: Pre-cured resin coated proppant (Economide & Martin, 2007) 

 

7.2. Properties of proppant 

The properties of proppant that affect the success of hydraulic fracturing and the factors that 

considerably affect the fracture flow capacity generated with proppants in hydraulic fracturing 

are as follows (Gridley et al, 1989): 
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7.2.1. Closure stress: During fracture closure the proppants are under immense stress which 

causes crushing of the proppants. This crushing of the proppant causes a decrease in the particle 

size and an increase in the surface area of the proppant. Both of these factors decrease the 

permeability of the propped fracture. The stress causes the particle bed to compact when it is 

applied on the proppant pack. This results in the reduction of the porosity which reduces 

permeability. If the formation is soft then the proppant particle is inserted into the walls due to 

the stress, which decreases the fracture width. 

7.2.2. Proppant particle size: Proppant particle size has an important effect on fracture 

permeability. Large particles give better conductivity at low stress levels than small particles. As 

the particles are crushed, due to increased stress level, the conductivity difference between large 

and small particles becomes less due to the fact that the porosity and surface area become similar 

instead of initial particle size dissimilarities. So at this point other factors are more important in 

the selection of the proppant size than conductivity considerations.  

Proppant size plays an important role in fracture treatment design because a minimum fracture 

width is required to permit the proppant to go into the fracture. The minimum fracture width 

required for the admission of proppant is two to three times the diameter of the largest grain. In 

deep wells it is difficult to achieve this size because the formation has high bottom hole 

fracturing pressure, and for successful hydraulic fracturing small size proppant is required. 

During the selection of the size of the proppant, proppant transport must be considered. Although 

large size proppant is more conductive, small size proppant is easy to transport deep into the 

fracture. In many instances, proppant transport is given preference over the proppant size. Large 

size proppants should only be use if they are successfully positioned in the fracture. 

7.2.3. Proppant strength: Stresses act on the fracture and confine the proppant. If the strength 

of the proppant is insufficient the closure stress crushes the proppant, making fines that can 
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affect the permeability and conductivity of the proppant pack. So proppant should have high 

strength. 

7.2.4. Proppant concentration: Proppant concentration is the quantity of proppant per unit area 

of fracture wall (calculated on one side only). Fracture conductivity increases with increasing 

concentration of proppant in the fracture. 

7.2.5. Proppant grain shape: Roundness and sphericity of the proppant affect the performance. 

Roundness of the proppant grain is a measure of relative sharpness of the grain corners and 

sphericity is the measure of how close the proppant shape approaches that of a sphere. In the case 

of a round grain with the same size, the stresses on the proppant are more evenly distributed and 

it results in higher loads before grain failure occurs. In case of angular grain shape the failure 

occurs at lower stresses producing fines that reduce fracture conductivity. 
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                                               8. Fracturing equipment 

This section will describe the materials and equipments that are necessary to carry out hydraulic 

fracturing operations. The focus will be on the equipment used in the storing, blending and 

pumping of the fracturing fluids and slurries. 

8.1. Fracturing-fluid tanks 

The function of the fracturing fluid tank is to hold the fluid used for the treatment and to separate 

different types of the fluids that can be used. Fracturing-fluid tanks are available in several 

shapes and sizes, such as rectangular or cylindrical tanks, depending on the use. Tanks also have 

a sloped, u-shaped bottom for maximum use of fracturing fluids. 

Tanks are lined to prevent iron from contaminating the water and mixing with additives of 

fracturing fluids. 

Tanks are linked to the fluid/proppant proportioning unit (blender) through flexible hoses. The 

hose is connected either to the tanks or to the manifold extending from the tank. The extended 

manifold permits several tanks to be hooked up in a series by simply connecting each manifold. 

A recirculation line in the tanks mixes the fluid and additive appropriately. 

8.2.Bulk handling equipment for proppant 

Bulk handling systems are used to transport proppant to the blender at the required rate. 

For small jobs dump trucks are used, which are located at the peak of the blender hopper to 

gravity feed the proppant into the blender  

For big jobs that require a large amount of proppant to be delivered, field storage bins are used. 

Their capacity is between 2000-4000 cubic feet. These bins are divided into a number of 

compartments of different sizes; every compartment has one or more changeable gates that are 
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controlled hydraulically to control proppant rate. The proppant falls on the conveyor belt that 

runs under the bin and takes the proppant to the blender. 

If numerous proppant storage bins are to be used, and the rate goes above a single unit capacity, 

the bins may be located alongside the conveyor belts that carry the proppant to the blender. 

Conveyors can be single or double belt units. 

8.3. Fluid/proppant proportioners 

Fluid/proppant proportioners are also called blenders. They are used to transmit all the pre-mixed 

fluid, different liquids, dehydrated additives and proppant and mix them equally at desired 

percentages and rates. At the same time the blender discharges the slurry to supercharge the high 

pressure pumps that inject it down hole. 

The fluids that are in the fracturing tanks, proppant, other liquids and dry additives are mixed 

uniformly in the blender tub. For uniform mixing, paddle augers and fluid jets are used. Suction 

pumps extract fluid from the fracturing tank and discharge it in to the tub. An auger-type system 

is typically used to carry the proppant to the tub level. Dry additives can be premixed in the 

fracturing fluid prior to the job or added to the fluid for the duration of treatment. 

Blenders also have pumps to add liquid at certain times during mixing and treatment. These can 

be used for surfactants, liquid polymers, cross-linking agents and hydrocarbon liquid for fluid-

loss control. 

Blender units are divided in to two groups according to the discharge rate 0-50bbl/min or 0-

100bbl/min. 
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8.4. Pumping units 

Pumping units supply the essential horsepower to generate and to extend the required fracture 

with the designed fluids, pump rates and injection pressure. These pumping units are divided into 

two groups.  

i. Conventional pump units: These units are used for a pressure from 0-10,000 psi; with 

special provisions they can be used at high pressure but their reliability is greatly 

reduced. 

ii. Intensifiers: Intensifiers or multipliers are intended to manage at treating pressure from 

10,000-20,000 psi for long durations of time. They are more reliable than conventional 

pumps if used for long pump times (more than 2 hours). 

8.5. Injection manifold/Headers 

When few pumping unit are needed to carry out a treatment, hooking every unit to the blender 

and the high-pressure treatment line to the well-head can obtain several hours as well as ending 

in a knot of high-pressure treating connections and supercharge hoses. This makes rigging up 

difficult and is a safety hazard because leads are difficult to detect and not easy to fix. 

The problem is overcome by using a manifold. The manifold is mounted on a trailer and is 

placed between the pumping units. Top suction manifolds are used to connect the blender to the 

pump units to take the treating fluid. Underside high-pressure discharge manifolds are used to 

attach the pump unit to the well-treating line. 

8.6. Wellhead isolation 

Due to exposure to high pressure, corrosive fluids, and the abrasive action of the proppant  

damage may be caused to the wellhead. A specialized isolation tool is used to protect the 

Christmas tree at the wellhead from damage. The pressure required to pump the stimulation 

treatment is more than the wellhead pressure rating. Replacing the tree with a high pressure 
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rating tree is expensive and needs to kill the well with damaging fluids. Even if the existing tree 

has a sufficient pressure rating exposure to the high pressure and fluid will damage it. A tubular 

mandrel made of high strength steel is passed through the valve on the tree and into the tubing. A 

rubber cup assembly of mandrel seals to the tubing walls and protect the tree from fluid and 

pressure. After the stimulation is done the mandrel is removed from the tree and the wellhead 

valve can be closed. Wellhead isolation tools are available to manage pressure up to 20,000 psi 

(Gridley et al, 1989). 
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                                     9. Fracture Diagnostics 

Fracture diagnostics are used to provide information about fracture geometry (shape and 

dimension) of created and propped fractures. This information is used to improve fracturing 

treatment to improve stimulation and reduce costs. Fracture diagnostics can be divided into three 

groups:- 

• Direct far field fracture diagnostic techniques 

• Direct near-well bore techniques 

• Indirect fracture techniques 

9.1. Direct far field fracture diagnostic techniques 

This diagnostic technique is conducted either from the surface or from an offset well near the 

fracture. This method maps the total extent of the fracture but cannot provide any information 

about the fracture properties. This group is divided into two fracture diagnostic techniques:- 

• Surface and downhole tiltmeter fracture mapping 

• Micro-seismic fracture mapping. 

 9.1.1. Surface and down hole tiltmeter fracture mapping 

Creating a hydraulic fracture involves the parting of rocks which leads to deformation.  This 

deformation pattern of the ground is measured using a tiltmeter by recording the tilt either on the 

surface or downhole. Approximate size and direction of the fracture can be measured with a 

tiltmeter. 
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Surface tiltmeters are placed at shallow depths surrounding the treatment well. This  involves an 

array of shallow holes typically 10-40 ft on the surface near the wellbore. By measuring the 

displacement gradient at many points a picture of surface deformation above the fracture can be 

generated. Surface tiltmeters record the fracture size and orientation. 

Downhole tiltmeters are positioned in offset wells near the fracture. They provide maps of 

deformation near the fracture, and are used to determine height, length and width (Cipolla and 

Wright, 2000). Figure 9.1 shows the principle of tiltmeter fracturing mapping. 

        

                Figure 9.1: Principle of tiltmeter fracturing mapping (Cipolla and Wright, 2000) 

9.1.2. Microseismic fracture mapping 

According to Cipolla and Wright (2000) “Microseismic fracture mapping provides an image of 

the fracture by detecting microseisms or micro-earthquakes that are triggered by shear slippage 

on bedding planes or natural fractures adjacent to the hydraulic fracture. The location of these 
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microseismic events is obtained using a downhole receiver array of accelerometers or geophones 

that are positioned at the depth of hydraulic fracture in one or more offset wellbores.” Figure 9.2 

shows the principle of microseismic fracturing mapping. 

 

Figure 9.2: Principle of microseismic fracturing mapping (Cipolla and Wright, 2000) 

9.2. Direct near-well bore technique 

Direct near wellbore technique is generally run inside the treatment wellbore after the fracture 

treatment and records the physical property in the near-wellbore region. 

This group consists of techniques such as tracer log, temperature logging, production logging, 

borehole image logging, downhole video and caliper logging. 

The drawback of this technique is that it only provides information about the fracture near the 

wellbore, but if the fracture is away (more than 2 ft) from the wellbore then it is unable to 

provide information. 
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9.3. Indirect fracture diagnostic techniques 

According to Cipolla and Wright (2000) “These techniques are the most widely used because the 

data required for analysis are more readily available. They can provide an estimate of the fracture 

dimensions, effective fracture length and fracture conductivity based on indirect measurement 

such as the pressure response during the propped fracture treatment or the pressure and flow rate 

during production. Indirect fracture diagnostics include fracture modeling, pressure transient 

testing (well testing), and production data analysis. By making assumptions about the physical 

processes that are involved, observed net pressure or production/pressure responses can be 

“matched” using reservoir and/or fracture models, thus providing an estimate of fracture 

dimensions, fracture conductivity, and effective length. These models range from analytical 

solutions to complex numerical simulators. The main limitation of these indirect techniques is 

that solutions are generally non-unique and therefore, require calibration with direct 

observations.” 
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                             10. Why fracturing may not work 

Most of the time hydraulic fracturing improves the well productivity, but sometimes it is unable 

to get the desirable well productivity or completely fails to improve production. The hydraulic 

fracturing process is better understood than ever, but even then there are reasons that lead to 

failure of the process or results that are below expectations (Alfred R. Jennings, JR, 2001). 

Most real hydraulic fracturing failures occur due to:- 

• Well bore problems 

• Inadequate fracturing material and equipment 

• Fracture mechanics 

• Unfavourable reservoir properties 

10.1. Well bore problems 

To perform a successful fracturing treatment it is necessary that the wellhead, tubing and well 

completions have the ability to withstand high pressure as well as the abrasiveness of the 

treatment fluid. To avoid such conditions, limits for maximum working pressure and stress 

conditions for well components should be considered. 

Wellhead isolation tools should be used to protect the wellhead from high pressures. To 

withstand the pressure of the annulus during fracturing operation the tubing and casing must be 

strong enough. The effect of different stresses on equipment during fracturing should be 

determined. A lot of work and money wastage can be prevented by taking care of these problems 

in advance. 
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10.2. Inadequate fracturing material and equipment 

Before the start of the operation all the equipment should be tested to make sure it is in good 

condition. All high pressure lines should be pressure tested to maximum treating pressure. If 

there is a leak it should be removed before starting the fracturing operation. The quality of the 

proppant should be in accordance with API guidelines. Fracturing fluid should be strictly 

monitored at all stages including fluid preparation and during treatment. The fluid should be 

checked for different properties such as viscosity characteristics, stability under thermal 

conditions, and breaker concentration. 

Reliable equipment should be used to continue or successfully change the injection rate. It is 

important for the success of the process to maintain the injection rate without terminating the 

treatment. 

10.3. Fracture mechanics  

The success or failure of fracturing treatment depends on the rock properties and fracture 

mechanics. Fracture growth in the formation is highly dependent on the rock properties and in-

situ stresses of the formation whereas properties of the fracture such as fracture height, fracture 

propagation, fracture closure behaviour and fracture orientation are governed by fracture 

mechanics. The effect of all these conditions must be considered for the success of fracturing. 

 Frequently possible reasons for failure of fracturing are out of zone growth of fracture, fracture 

closing behind overflushed proppant, and abnormal fracture behaviour (fracture turning). 
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10.4. Unfavourable reservoir properties 

For successful hydraulic fracturing the most important factors are formation flow capacity and 

reservoir pressure. Formation flow capacity is responsible for the transport of hydrocarbons as 

well as continued productivity after fracturing. Sufficient reservoir pressure is required to drive 

the hydrocarbons from the formation to the wellbore. 

Fracturing provides good results in the stimulation of high deliverability wells. High 

deliverability wells have fast payout times for the cost of treatment and sustained productivity. 

 

 

 

 

 

 

 

 

 

 

 



 

 

47 

11. A Case study of a mature field redevelopment using propped hydraulic 

fracturing in Tanjung field, Indonesia. 

11.1. Introduction  

This study was conducted by R.G.Burnstad, A.N.Martin, D.J.Stemberger and B.Purwanto. The 

study was conducted in the Tanjung Raya field in Indonesia. This field is located in the north 

eastern Barito basin in the southeast corner of Kalimantan region as shown in Figure 11.1. The 

field was discovered in 1938 and production was started in 1961. This field was discovered by 

Shell. It is approximately 9 km in length and 3 km wide. The structural geology of the field was 

complex, making it compartmentalized and multi-layered. Original oil in place of the field was 

620 million barrels. Solution gas is the main reservoir drive mechanism. The Tanjung field has 6 

sandstone reservoirs, A1 and A2, B, C, D, E, F. A1 and A2 are the deepest whereas F is the 

shallowest. 

                

                        Figure 11.1: Location of the Tanjung field (Burnstad. R.G, et al, 2004) 
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11.2. Background to redevelopment project 

Since 1960 hydraulic fracturing has been performed in Tanjung field but not on a regular 

basis. It started as a primary method of redevelopment in 2001. Figure 11.2 shows the 

number of fracs performed since the start of production 

 

Figure 11.2: The number of fracs per year since the start of production (Burnstad. R.G, et al, 

2004) 

Initially eight treatments were performed in the 1960’s and 1970’s and the results were good. At 

that time reservoir pressures were relatively high and wells were producing in excess of 40,000 

bopd. Due to these good conditions, hydraulic fracturing was not considered seriously. After nine 

years, six more treatments were conducted using the same design. The results were good, but not 

as good as before because of declining reservoir pressure. For the next 25 years no hydraulic 

fracturing treatments were conducted in this field. In 1996 two treatments were performed but 

the results were poor as compared to previous treatments. The gains made from all the pervious 

treatment showed that hydraulic fracturing has ability as a redevelopment tool. From 1997-1999, 

27 jobs were performed. Initially the results were good but due to proppant flowback problems 
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the results were overshadowed. Due to proppant flow back, 22 treatments caused downhole 

pump failure. Later on, from 2000-2001, this problem was solved by using resin coated sand. 

Only one well experienced pump failure in the six treatments. 

 11.3. Candidate screening and selection 

Selection of the proper candidate well is the most important part of the fracturing treatment. The 

method used for the selection of the candidate well was improved throughout the development. 

The final criteria made for the selection proved to be the key to success for the process in the 

final 30 months when the treatment processes were in full flow. 

There are so many zones in the well that are potential candidates for the treatment. The first step 

in the candidate screening and selection is based on the reservoir formation quality, reservoir 

pressure support, production water cut and potential oil gain. The candidate well selected based 

on these factors is then sent to the production engineering. In the next step these wells are further 

assessed for the candidate selection based on well integrity problems, work required to isolate 

the target zone, potential frac design concern, surface constraints, and lift equipment requirement 

after the treatment. Twenty candidate wells were approved for the treatment based on the above 

criteria. These wells were undergoing treatment and before their completion new candidate wells 

were selected and approved to ascertain the continuity of the appropriate candidate well for the 

hydraulic fracturing treatment. Figure 11.3 shows the number of treatments performed in each 

formation. 



 

 

50 

 

Figure 11.3: Pie-chart showing the number of treatments performed in each formation (Burnstad. 

R.G, et al, 2004) 

The following factors were considered for selection criteria 

Reservoir formation quality: All the candidate wells were evaluated for reservoir quality. 

Porosity, permeability, and net pay were considered. Candidate wells must be in contact with the 

rest of the reserves. To find the properties of the reservoirs, well logs and cores were used. 

Potential oil gain: The oil gain (added productivity) from wells is observed after fracturing is 

done based on Darcy’s equation. Candidates are chosen if they indicate good well gain.  

Reservoir pressure: To make sure that the wells can deliver oil, pressure plays an important role 

in the candidate selection. Pressure ranges for reservoirs were set in order to select wells. 

Water cut: The amount of water produced, which is also known as water cut is considered 

important. Wells which have consistently shown a steady rate of water cut are considered more 

workable than the wells which have increased their water cut over a small period of time. 

Location of well: Wells located near the fault, wells near to injection wells and wells near to 

watered out wells were avoided. 



 

 

51 

Wellbore evaluation: Wells are assessed based on cement conditions near the target zone, leak 

off zones near the target zone, casing damages, pressures required for treating leak offs, etc. 

Each well was given a ranking from 1 to 5 based on the reviews. Wells ranked from 1-4 were 

recommended and wells ranked 5 were not. 

Artificial lift and power requirements:  Lift equipment and power requirement used after the 

treatment were determined in the treatment planning stage. 

11.4. Problems encountered and operational issues 

The following problems and issues occurred during the hydraulic fracturing process: 

Perforations: - Friction in perforation requires high treating pressure. This problem was solved 

by reperforating the intervals. Two wells were undergoing this problem. 

Tortuosity: Tortuosity is near wellbore frictional effects. Techniques were used to place the 

planned volume of proppant into the fracture in case of significant tortuosity. The technique 

includes using varying concentrations of the proppant slug in the pad, increasing the treatment 

rate, reducing proppant concentration for most of the treatment and then increasing the 

concentration at the end of the treatment to increase near wellbore conductivity. 

Leakoff: Leakoff was not a big problem in most of the zones, except D zone wells, which were 

controlled by increasing pad volume as well as pump rate. 

Remote treatment: This field was located away from the headquarters (Jakatara) in the remote 

area. Initially all the tests conducted at the field and the results were e-mailed to the headquarters 

for review, evaluation and main frac redesign which caused delay. Later on, field engineers were 

trained to make the evaluation and decision on the spot. This overcomes the delay problems 

between the end of minifrac and beginning of main frac treatment. 
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Equipment maintenance: After completion of every treatment, maintenance and repair of 

equipment was performed so as to avoid unnecessary downtime during the treatment.  

11.5. Production Results 

The production was increased to about 7,500 bopd and the overall production decline was 

enhanced, increasing the economic life of the field by an estimated 15 years. Figure 11.4 shows 

the production history of Tanjung field since the early 60’s. After hydraulic fracturing treatment 

we can see an increase of 7,500 bopd (barrels of oil per day) from approximately 3000 bopd to 

10000 bopd. This shows the life of the field is extended. 

 

                Figure 11.4: Oil production history from Tanjung field (Martin. A. N, et al, 2010) 

 

11.6. Conclusions 

The willingness of the operating company made it possible to successfully redevelop the field 

through fracturing technique. Most of the wells treated for fracturing treatment had potential for 
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success. The reason for this is that the candidate wells were selected through a systematic and 

effective approach. The systematic application of the hydraulic fracturing technique and the 

efficient way of dealing with the problems encounterd made it possible to redevelop the areas 

which would otherwise have been poorly stimulated. 
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                                                        12. Conclusions 

Hydraulic fracturing is the most successful, established, proven and effective stimulation 

technique used for the re-development of mature oil and gas fields. The candidate selection plays 

an important role in the success or failure of the treatment operation. As every well is not 

suitable for fracturing treatment, identification and selection of the candidate well is emphasized 

because the wrong selection may lead to economic disaster.  

The case study discussed here showed that the productivity, as well as the life of the wells, was 

increased through hydraulic fracturing. The success of the frac treatment is largely due to 

efficient candidate selection, project management, systematic application of existing hydraulic 

fracturing techniques and the way the problems encountered and operational issues were 

addressed and remedied. 

The process of hydraulic fracturing should not be limited to bad wells or poor wells, as the better 

and more productive an existing well, the more potential it has as a fracturing candidate. Higher 

permeability wells produce much greater returns than low-permeability wells. So not only bad 

wells should be used for pilot or trail projects 

In spite of some failures resulting from the operating companies not using hydraulic fracturing to 

its full potential, due to a combination of lack of knowledge of the processes involved, poor 

candidate selection, poor treatment design and ineffective post-treatment evaluation, it is 

important that hydraulic fracturing be continued to work and its technology be advanced, As the 

development is ongoing in this field there will be significant increases in the success rate. New 

methods and technique will be introduced and wells will be fractured with great efficiency, and 

eventually, well productivity as well as well life will be increased.     
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