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Abstract: Casing is an extremely important element in the process of drilling a well borehole, as they define the diameter of the well and, 

among many other tasks, protect it from collapsing. In order to ensure long-term successful performance of all tasks, it is necessary to 

appropriately dimension casing, which means that the appropriate inner and outer diameter should be selected with the appropriate material 
and its quality, with proper installation depth for each set of casing. Conventional casing made of steel is most often used and this is still an 

ideal material for most wells. However, this material is prone to corrosion, which is a major problem on certain locations du ring the 
production life of the well. Reduction and possibly elimination of corrosion on casing led the industry to explore financially viable composite 

materials, such as fiberglass, that could withstand expected stresses in well conditions with better corrosion resistance th an steel. 
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1. Introduction 
Corrosion is considered to be one of the most expensive 

problems in the oil and gas industry, even in the modern age that 
offers various effective solutions in preventing its occurrence [1]. 

This is defined as the deterioration of a metal or its properties [2] 
and poses a major problem not only during drilling but also through 

each subsequent operation in well. The process of corrosion 
formation occurs due to chemical reactions with substances 

containing oxygen, chlorine or hydrogen sulfide (H2S), which is a 
common occurrence during oil or gas production. Particular 

emphasis should be placed here on hydrogen sulfide, a highly 

corrosive acid gas that causes major corrosion related problems [3]. 
In most oil and gas wells around the world, formation (salt) water is 

produced along with oil and natural gas, and is also a natural 
corrosive substance [1]. With a longer production life of mature 

field, the proportion of formation water increases, which further 
worsens the condition in the well. The metals in the pipe oxidize 

and form their corresponding oxides and salts, which results in a 

reduction in the strength of the metal, i.e. a loss of the initial 
properties of the casing. The end result may be the replacement of 

an entire casing string to avoid production losses [4]. This problem, 
in addition to the production phase, can also occur during special 

well operations, such as formation acid treatment [5], but also 
during increasingly present enhanced oil recovery projects 

involving the injection of water or gases through already existing or 
newly constructed wells. 

Casing made of a certain quality steel are most often used, 

which is still an ideal material for most wells [6], but since this 
material is prone to corrosion, on certain locations major problems 

in wells have been reported. Casing is an extremely important 
element in the process of drilling a well borehole, as they define the 

diameter of the well and, among many other tasks, protect it from 
collapsing. In order to ensure long-term successful performance of 

all tasks, it is necessary to appropriately dimension casing, which 
means that the appropriate inner and outer diameter should be 

selected with the appropriate material and its quality, with proper 

installation depth for each casing string. 
Given all the essential functions of casing, it is extremely 

important that the string withstands high pressures, temperatures, 
and forces in the long run [7]. If degradation occurred in the 

structure of the casing, the worst consequence would be the collapse 
of the borehole, which would mean that it is almost impossible to 

replace the string in the wellbore, especially if it is a small diameter 

well. In this case, it would be necessary to drill and complete a new 
well, which creates large direct and indirect financial losses. 

In order to reduce, and possibly eliminate, such effects of 
corrosion on casing string, the industry has set out to explore 

financially viable composite materials that could withstand 
expected stresses in well conditions with better corrosion resistance 

than steel [8]. Commonly used composite material is fiberglass – 
polymer matrix reinforced by continuous filaments (fibers) of glass. 

Casing made of this type of composite material is shown in Figure 

1.  

 
Fig 1. Fiberglass casing [9]. 

 

Two mainly used methods of making fiberglass casing are the 
method of filament winding and the method of centrifugal casting 

[1]. Filament winding method is shown in Figure 2. In this paper, 
the advantages and disadvantages of fiberglass casing will be 

discussed. 

 
Fig 2. Filament winding method [10]. 

 

2. Advantages and disadvantages of fiberglass 

casing  

The most significant advantage of fiberglass casing is corrosion 

resistance, which can cause great material damage in wells lined 

with conventional steel casing string. It is known that in wells with 
a high content of carbon dioxide (CO2) in the produced fluid, the 

corrosion rate can be significant [11,12], especially if it is a well in 
which production takes place in conditions of high temperature and 

pressure (HTHP conditions). Reviewing the literature, it is worth 
noting that corrosion can result in an annual loss of up to about 20 

mm of the wall of the steel pipe installed in wells where these 
conditions prevail. Even if it were not such extreme conditions, it is 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

209 YEAR XV, ISSUE 5 , P.P. 209-211 (2021)



realistic to expect a loss of approximately 0.2 mm per year [13]. 
Also, the occurrence of localized corrosion is always possible which 

can do significant damage and dramatically reduce the life of 
casing. The presence of hydrogen sulfide (H2S) with CO2 

significantly changes the corrosion intensity compared to the 
damage that occurs in the very presence of CO2 or H2S. 

In addition, the corrosion effect can be further enhanced in 

systems where chlorides also occur, which confirms the case of loss 
of steel pipe wall thickness of as much as 30 mm per year [14]. 

Thus, in wells through which fluids with a significant proportion of 
acid gases are produced, it may happen that the casing string will 

not withstand the planned production life of the well. Corrosion 
resistance of fiberglass is especially pronounced for projects such as 

carbon capture and storage (CCS) and enhanced oil recovery (EOR) 
projects, which involves the use of corrosive fluids throughout the 

project [15]. 

Installation of this type of casing reduces operating costs 
intended for well workover, with direct elimination of investment in 

anti-corrosion coatings, cathodic protection and other methods to 
prevent corrosion and even provides a safer option for production 

through a casing string thus achieving a significant reduction in 
total capital costs [9]. Also, the significantly lower weight of 

fiberglass casing and easier maneuvering and handling makes this 

even more cost effective [16], primarily due to lower transport 
costs. 

Example of difference in the total weight of fiberglass and steel 
casing with a nominal diameter of 177.8 mm (7 in), an inside 

diameter of 157.1 mm and a wall thickness of 10.36 mm, which are 
the classic dimensions of the production casing installed in gas 

wells. The nominal weight of fiberglass casing of these dimensions 
is 102.2 N/m, and for steel casing it's 423 N/m. If we take the 

example that the length of the casing running into the well is 1500 

m, the total difference in weight is as much as 481,500 N. 
Therefore, the weight of the fiberglass casing string in this case is 

only 24.1% of the total weight of the same steel casing string. 
A significant difference in weight between fiberglass and 

conventional steel casing is caused by significantly lower density of 
fiberglass compared to steel. The steel from which casing is usually 

made has a density of about 7850 kg/m3, while the usual density of 

fiberglass ranges from 1200 to 2550 kg/m3 [17,18,19]. 
There are also few disadvantages of using fiberglass casing. The 

most significant parameters that limit the use of fiberglass casing 
are the working pressure and temperature at which this material 

loses its nominal properties. According to previous research, this 
type of material is considered more economical than steel due to 

corrosion resistance, with satisfactory mechanical properties, if the 
ambient temperature is up to 120 °C [15] and operating pressure up 

to 275 bar (4000 psi) [20]. This, or similar values of the working 

pressure are also confirmed by numerious companies that are 
engaged in the production of fiberglass casing. However, the results 

of research related to the level of maximum temperature to which 
such pipes should retain their properties vary considerably. The 

range of temperatures at which fiberglass casing could be used is 
quite wide, as values from 93 °C [21] to as high as 149 °C are 

mentioned in scientific and professional papers [20,22]. Table 1. 
shows the values of temperatures up to which fiberglass protective 

pipes retains their nominal properties in well conditions. 

 
These data shows that the purpose of the well does not directly 

affect the maximum allowable temperature for fiberglass casing 
since the temperature differences are too large for the same purpose 

of the well. Therefore, there is still need for research in this area to 
prove to what maximum temperature the wells can be completed 

with fiberglass casing without the risk of a sudden drop in 

mechanical performance. 
Also, the behavior of fiberglass casing in inclined and 

horizontal wells needs to be further investigated. Bending stress 
drastically reduces the maximum possible installation depth of 

fiberglass casing string [21]. 
 

 

Table 1: Maximum allowable temperature in the well at which the 

fiberglass casing retains nominal properties. 

 

References
Maximum allowable 

temperature (°C)
Type of well

[21] 93 Injection well (water)

[1] 110 Any purpose

[15] 120 Any purpose

[23] 130 Injection well (water)

[6] 138 Any purpose

[24] 141 Production well (oil and gas)

[22] 149 Injection well (water)

[20] 149 Any purpose
 

 

3. Conclusion 
Recently, oil and gas industry has begun research into 

composite materials that are resistant to corrosion and at the same 
time can replace steel casing given the required mechanical 

properties. Laboratory research, as well as field data, prove how 
fiberglass casing can replace conventional steel casing under certain 

well conditions. It is also known that such pipes have proven 
success in vertical wells and ones with a low angle deviation. Most 

important limiting factors in well conditions for fiberglass casing 

are high temperature and pressures that cause significant stresses in 
casing string, but after review of the literature it can be concluded 

that temperature is actually the main limiting factor for the use of 
fiberglass casing. Further research should be conducted to 

determine more accurate values of the maximum allowable 
temperature in the well, and the applicability of fiberglass casing in 

inclined and horizontal wells. 
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