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Abstract 

Gamma-ray spectroscopy is a technique that has been used extensively in recent years in the identification of corrosion in 

pipeline steel. It involves the use of gamma rays to induce radiation from the material in question and the obtained radiation 

patterns can be used to detect corrosion. This review aims to discuss the current state and prospects of using gamma-ray 

spectroscopy in corrosion detection and monitoring, focusing on the strengths, weaknesses, and advancements in this area. To 

understand the essence of the article, this review starts by defining gamma-ray spectroscopy and then presenting a detailed 

description of the use of gamma-ray spectroscopy in corrosion detection. Several researches confirm the capacity of gamma-

ray spectroscopy in determining corrosion in the steel pipeline, the high sensitivity, accuracy, and the short time required for 

the method. It can be applied to detect corrosion in pipelines having diameters from 1 inch to 36 inches. The review then 

closes by emphasizing other uses, especially in the oil and gas sector, whereby detection of gamma-ray spectroscopy of 

corrosion in its early stage can avert costly repair and reduce the dangers of polluting the environment. Further development in 

this field can be done by enhancing radiation sources, exploring new data analysis methods, and integrating gamma-ray 

spectroscopy with other NDE techniques. This paper aims to review the works done on the use of gamma-ray spectroscopy for 

corrosion detection and the potential use of gamma-ray spectroscopy in the oil and gas industry. 
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Introduction 

Corrosion remains a major issue of concern in the oil and 

gas industry, particularly in pipeline steel. Corrosion is a 

process that has adverse effects on structures and 

equipment; its effects include early failure, higher 

maintenance costs, and environmental problems. Current 

approaches to corrosion assessment are often invasive, time-

consuming, and can be costly including that of visual 

inspection and chemical analysis. Conventional ways of 

inspecting pipelines for corrosion and defects have been 

increasingly replaced by non-destructive evaluation (NDE) 

techniques. Gamma-ray spectroscopy is a non-destructive 

method for measurement that employs gamma rays to probe 

the material under investigation. The emissions from the 

gamma rays and the material produce unique radiation 

patterns that point to the existence, as well as the degree of 

corrosion. The main advantages of gamma-ray spectroscopy 

over classical methods include; high sensitivity, accuracy, 

and speed [1]. 

Corrosion is one of the most common issues that can be 

faced in different industries like oil and gas, nuclear, 

aerospace, etc. It is a source of equipment failure, and 

production downtime and mainly leads to financial losses. 

Corrosion can manifest itself because of exposure to the 

environment, chemical attack, or mechanical stress. The 

common ways of assessing the corrosion in structures 

include; visual examination and chemical analysis which are 

not effective in the early stages of corrosion hence making it 

hard to curb more expenses on repairs and probable 

environmental impacts. Gamma-ray spectroscopy is one of 

the non-destructive evaluation techniques that has been 

widely used for corrosion detection in different fields of 

industries [17]. Gamma-ray spectroscopy is a technique that 

depends on the fact that gamma rays can interact with atoms 

in the sample to be analyzed and give out signals of 

radiation that are unique to the material. These signals can 

be used to identify what type of material is present and how 

they are arranged, which can help to identify corrosion [2]. 

There are several reasons why gamma-ray spectroscopy is 

preferred to some of the conventional approaches to the 

detection of corrosion. It is non-destructive, in the sense that 

does not harm the material under test and it can detect 

corrosion at an early stage so it is possible to avoid or 

minimize the need to do expensive repairs and the possible 

environmental hazard consequences. Gamma-ray 

spectroscopy is also very sensitive and can easily identify 

the minute levels of corrosion, hence can be used to assess 

corrosion in compound material forms and structures [19]. 

Nonetheless, gamma-ray spectroscopy has some 

disadvantages. The technique involves using ionizing 

radiation, which can be hazardous to human health for the 

personnel. Furthermore, gamma-ray spectroscopy is 

constrained by its selectivity and precision, where the 

accuracy of the measurement is influenced by the type, 

thickness, and density of the material under test. Recently, 

numerous advancements have been made in gamma-ray 

spectroscopy systems that enhance the corrosion detection 

capability [3]. These developments include 

▪ Current sources have increased intensity and energy 

leading to enhanced gamma-ray spectroscopy 

sensitivity and accuracy. 

▪ New techniques of analysis have advanced the 

knowledge of how to further analyze gamma-ray 

spectra and what could be derived from them. 

▪ When gamma ray spectroscopy is integrated with other 

NDE techniques it has been found that corrosion 

detection and estimation is made more accurate and 

efficient. 
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In this review paper, the latest advancements in the 

application of gamma-ray spectroscopy for corrosion 

probing and its impact on different industries are analyzed. 

We also highlight some of the drawbacks of gamma-ray 

spectroscopy as well as the probable advancements that may 

be made in the field. 

1. Study Objectives 

The objectives of this report are 

▪ To introduce the research topic on the recent 

advancements in employing gamma-ray spectroscopy 

in corrosion detection. 

▪ To argue the implications of these developments for a 

range of industries. 

▪ To discuss the drawbacks of gamma-ray spectroscopy.  

▪ To contribute to the formulation of guidelines for the 

next stages of research and development. 

 

2. Study Scope 

This review article specifically aims to discuss the usage of 

gamma-ray spectroscopy for corrosion inspection in 

different fields. It describes the current state of the art in 

gamma-ray spectroscopy, the applications and drawbacks of 

this technique, and potential trends in future innovation. 

 

3. Target Audience 

It is aimed at readers who are involved in a line of business 

that requires them to assess corrosion using non-destructive 

evaluation methods. It also applies to researchers involved 

in the formulation of new technologies for detecting 

corrosion. 

 

Principle of Gamma Ray Spectroscopy 

Gamma-ray spectroscopy is a technique that involves the 

use of gamma rays to scan and test the material being 

examined. Gamma rays are radiated from the source and 

depending on the type of material they may be scattered, 

absorbed, or make the material fluoresce. The intensity of 

the scattered radiation is measured and based on the energy 

spectrum of the scattered radiation, the elemental 

composition of the material is obtained [4]. 

1. Application of Gamma Ray Spectroscopy for 

Corrosion Characterization 

The spectroscopy of gamma rays has been used effectively 

for assessing the corrosion in the pipeline steel. It is more 

efficient than other methods in scanning areas that are 

geometrically complicated or perhaps inaccessible. Gamma-

ray spectroscopy has been employed to detect corrosion in 

pipelines with sizes ranging from 1 inch to 36 inches in 

diameter [20]. Some work has established that gamma-ray 

spectroscopy is a useful technique for monitoring corrosion 

in pipeline steel. For instance, research done in the Journal 

of Nuclear Materials showed that gamma-ray spectroscopy 

had a 95 % accuracy in detecting corrosion in a 24-inch 

diameter pipeline [5]. 

 

2. Advantages and Limitations 

2.1 Advantages  

When compared to conventional techniques, gamma ray 

spectroscopy provides a number of benefits for corrosion 

detection, such as 

▪ Gamma-ray spectroscopy can detect corrosion in its 

preliminary stage; hence, corrective measures can be 

implemented before significant damage occurs [21]. 

▪ Gamma-ray spectroscopy gives a precise location and 

the degree of corrosion at a given area. 

▪ The method of gamma-ray spectroscopy can be done 

within a very short time and as a result, the inspection 

and evaluation are fast. 

▪ Gamma-ray spectroscopy is non-destructive, implying 

that the gamma rays used in testing materials do not 

harm the substance under analysis [6]. 

 

2.2. Limitations  

Additionally, gamma-ray spectroscopy has several 

drawbacks, such as 

▪ Gamma-ray spectroscopy involves coming across 

ionizing radiation that may be a health hazard to 

operators. 

▪ Some equipment used in gamma-ray spectroscopy can 

also be very costly to purchase and maintain, thus it 

may not be affordable by some organizations. 

▪ The gamma-ray spectroscopy is a delicate measure and 

should be calibrated properly to provide the right results 
[7]. 

 

Recent Developments in Gamma Ray Spectroscopy for 

Corrosion Detection 

Gamma-ray spectroscopy is one of the most effective 

techniques that have been applied to detect corrosion in 

many sectors such as oil and gas, nuclear, and aerospace 

industries. In recent years, several advancements have been 

made that have increased the efficacy of gamma-ray 

spectroscopy for corrosion detection and made it a more 

efficient process [8, 22, 23]. 

1. Advanced Radiation Sources 

The invention of radiation sources is one of the major 

advances in gamma-ray spectroscopy. The restricted energy 

and intensity of conventional radiation sources, such as 

radioactive isotopes, can have an impact on the technique's 

sensitivity and accuracy. Gamma-ray spectroscopy's 

sensitivity and accuracy have increased thanks to new 

radiation sources with higher energy and intensity. To offer 

a greater dosage rate and more energy, high-intensity 

radiation sources have been created, such as linear 

accelerators (LINACs). This makes it feasible to detect less 

corrosion since it speeds up data collecting and improves 

signal-to-noise ratios [9]. 

To produce greater energy radiation, high-energy linacs 

(HELINACs) and other high-energy radiation sources have 

also been created. This enables more thorough penetration 

into the substance, enabling deeper corrosion detection. The 

sensitivity and precision of gamma-ray spectroscopy for 

corrosion detection have increased with the introduction of 

cutting-edge radiation sources. Studies have demonstrated, 

for instance, that corrosion may be detected at depths of up 

to 10 cm (3.9 inches) by high-intensity radiation sources and 

up to 20 cm (7.9 inches) by high-energy radiation sources 
[10]. 

 

2. Advanced Data Analysis 

The improvement of data analysis methods is another 

important achievement in gamma-ray spectroscopy. 

Conventional methods of data processing depended on the 

laborious and error-prone manual interpretation of gamma-

ray spectra. The capacity to understand and extract useful 

information from gamma-ray spectra has increased because 

of advanced data analysis techniques. Artificial neural 
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networks (ANNs), a type of machine learning technique, 

have been used to analyze gamma-ray spectra and find 

corrosion. ANNs are perfect for identifying small quantities 

of corrosion because they can learn from big datasets and 

gradually increase their accuracy [11]. Other sophisticated 

methods of data analysis consist of: 

2.1. Principal component analysis (PCA) 

A statistical technique called principal component analysis 

(PCA) lowers the dimensionality of big datasets so that 

connections and patterns may be found. 

 

2.2. Independent component analysis (ICA) 

ICA is a statistical technique that allows for the 

identification of certain signals by dividing mixed signals 

into independent components [12]. 

 

2.3. Fourier transform 

A mathematical method called the Fourier transform is used 

to transform time-domain signals into frequency-domain 

signals, allowing for frequency analysis of the signals. 

 

2.4. Wavelet analysis 

Wavelet analysis is a mathematical method that analyzes 

data in terms of frequency and time using wavelet functions 
[13]. 

Gamma-ray spectroscopy for corrosion detection is now 

more accurate and reliable because of these sophisticated 

data analysis techniques. For instance, research indicates 

that corrosion may be identified by machine learning 

algorithms more accurately than 90% of the time, although 

corrosion can only be identified around 50% of the time by 

standard data analysis methods [14]. 

 

3. Hybrid Techniques 

When gamma-ray spectroscopy is used in conjunction with 

other non-destructive evaluation (NDE) techniques, 

corrosion detection has become more accurate and efficient. 

Hybrid methods collect data from a single test using a 

variety of sensors and methods, providing more thorough 

and precise findings [15]. Here are a few instances of hybrid 

approaches 

▪ Gamma-ray-induced fluorescence (GRIF) is a corrosion 

detection technique that combines fluorescence and 

gamma-ray spectroscopy. 

▪ Gamma-ray spectroscopy and neutron-induced 

reactions are used in neutron-induced reaction analysis 

(NIRA) to identify corrosion. 

▪ To identify corrosion, gamma-ray spectroscopy is used 

with acoustic emission testing (AET). 

▪ To find corrosion, ultrasonic testing (UT) combines 

ultrasonic testing with gamma-ray spectroscopy [16]. 

 

Because hybrid approaches offer more detailed information 

about the material being examined, they have increased the 

efficacy and accuracy of corrosion detection. For instance, 

corrosion may be found by GRIF up to a depth of 5 cm (1.9 

inches) and by NIRA up to a depth of 10 cm (3.9 inches). 

Recent advancements in gamma-ray spectroscopy have 

increased this method's efficacy in detecting corrosion. 

Gamma-ray spectroscopy's sensitivity and accuracy have 

increased thanks to advanced radiation sources that are more 

intense and energetic. The capacity to understand and 

extract useful information from gamma-ray spectra has 

increased because of advanced data analysis techniques. 

Multiple sensors and methods have been merged using 

hybrid approaches to collect data from a single test, yielding 

more thorough and precise findings. Gamma-ray 

spectroscopy has advanced to become a more precise and 

dependable tool for detecting corrosion in a variety of 

sectors. Additional investigation is required to enhance the 

precision and efficacy of this methodology, especially in 

intricate materials and architectures [17]. 

 

Conclusion 

A technology that shows promise for characterizing 

corrosion in pipeline steel is gamma-ray spectroscopy. Its 

great speed, precision, and sensitivity make it a desirable 

substitute for conventional techniques. Gamma-ray 

spectroscopy has many drawbacks, however, new 

advancements have increased its usefulness. Future studies 

will focus on enhancing the precision and efficacy of 

gamma-ray spectroscopy in the identification of corrosion. 

For the detection of corrosion, gamma-ray spectroscopy has 

been widely applied in several sectors, including nuclear, 

aerospace, and oil and gas. Recent advancements have 

increased the efficacy of gamma-ray spectroscopy for 

corrosion detection, rendering it a more precise and 

dependable method. The introduction of novel radiation 

sources with increased energy and intensity, sophisticated 

data processing methods, and hybrid approaches that 

combine many sensors and methods have all contributed to 

the developments in gamma-ray spectroscopy. The 

sensitivity and accuracy of gamma-ray spectroscopy have 

been enhanced by new radiation sources with higher energy 

and intensity, enabling the detection of corrosion in more 

complicated materials and at deeper depths. Small levels of 

corrosion may now be detected because of improvements in 

the interpretation of gamma-ray spectra and the extraction 

of valuable information made possible by sophisticated data 

analysis techniques. 

By combining several sensors and methods into one test, 

hybrid methodologies have collected data that yields more 

thorough and precise findings. The accuracy and efficacy of 

corrosion detection have been enhanced by these hybrid 

approaches, enabling the detection of corrosion in more 

complicated materials and at deeper depths. Innovations in 

gamma-ray spectroscopy have important ramifications for 

many different businesses. Early corrosion identification can 

save expensive repairs and lower the danger of 

environmental concerns in the oil and gas sector. Gamma-

ray spectroscopy is a technique used in the nuclear industry 

to find corrosion in nuclear reactors and storage facilities. 

Gamma-ray spectroscopy is a technique used in the 

aerospace industry to find corrosion in spacecraft and 

airplanes. Recent advancements in gamma-ray spectroscopy 

have increased this method's efficacy in detecting corrosion. 

Advances in data analysis, hybrid methodologies, and 

radiation sources have improved the accuracy and 

dependability of gamma-ray spectroscopy as a corrosion 

detection method in a variety of industries. To increase this 

technique's precision and efficacy especially when dealing 

with intricate materials and structures more study is 

required. In many different sectors, gamma-ray 

spectroscopy is a commonly used method for detecting 

corrosion. The efficiency of this corrosion detection method 

has increased due to recent advancements in gamma-ray 

spectroscopy, which makes it a more precise and 

trustworthy method for detecting corrosion in a variety of 



International Journal of Research in Advanced Engineering and Technology www.allengineeringjournal.in 

40 

industries. Nevertheless, this approach still has certain 

drawbacks that require more investigation and 

improvement. 

 

Future Directions 

It is anticipated that gamma-ray spectroscopy continues to 

be crucial to the identification and study of corrosion. 

Prospects for further investigation encompass 

▪ The development of new radiation sources with 

increased energy and intensity will raise gamma-ray 

spectroscopy's sensitivity and precision. 

▪ The capacity to decipher gamma-ray spectra and derive 

relevant information will increase with the continued 

development of sophisticated data processing tools. 

▪ The accuracy and efficiency of corrosion detection will 

continue to be enhanced by combining gamma-ray 

spectroscopy with other NDE methods. 

▪ Creation of hybrid methods that integrate many 

methods and sensors to collect information from a 

single test. 

▪ Gamma-ray spectroscopy is used to find corrosion in 

novel materials and constructions. 

▪ Development of field-applicable, transportable gamma-

ray spectroscopy equipment. 

 

Recommendations 

These are given below 

▪ Gamma-ray spectroscopy is a technology that industry 

experts should think about utilizing in addition to other 

non-destructive evaluation methods. 

▪ Gamma-ray spectroscopy may be made more effective 

by researchers developing novel radiation sources, 

hybrid procedures, and data analysis methods. 

▪ Experts in the field should think about utilizing cutting-

edge data analysis methods to boost the precision and 

dependability of gamma-ray spectroscopy findings. 

▪ Industry experts want to think about employing hybrid 

methods, which integrate several sensors and 

approaches to collect data from a single test. 

▪ Field applications of portable gamma-ray spectroscopy 

instruments should be explored by industry personnel. 

 

Limitations of Study  

These are given below 

▪ Employees may be at risk for health problems due to 

the need for ionizing radiation exposure during gamma-

ray spectroscopy. 

▪ The sensitivity and accuracy of gamma-ray 

spectroscopy are limited by several parameters, 

including material composition, thickness, and density. 

▪ The capacity of gamma-ray spectroscopy to identify 

minute quantities of corrosion, which can be 

challenging to identify with conventional techniques, is 

one of its limitations. 

▪ The capacity of gamma-ray spectroscopy to identify 

corrosion in intricate materials and structures which 

might be challenging to evaluate using conventional 

techniques is one of its limitations. 

▪ The expense of gamma-ray spectroscopy, which can be 

substantial since skilled staff and specialized equipment 

are required, is its main drawback. 

 

Abbreviations 

NDE: Non-destructive evaluation 

Gamma RS: Gamma ray spectroscopy. 
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