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ABSTRACT 

 

 

Diagnoses of light and severe corrosion process in steel tubes are carried out and results are 

presented. The material discontinuity in metallic pieces was investigated and signals from 

gamma source detection shown defect present or no defect present.Samples taken from street 

illumination posts were placed in computerized gamma ray scan to investigate corrosion 

effect. Scanning at three angles 0
0
, 60

0
 and 120

0
 degrees with five repetitions provide data set 

sufficient to a statistical analysis. Samples taken from small diameter steel tubes with light 

corrosion were analyzed too. Comparing corrosion-free samples detection of transmission 

gamma ray shows that along with diameter reduction a random density distribution takes 

place with severe corrosive process. The asymmetry induced in sample density provided to be 

effective for diagnosis of light corrosion by means of straight-line slope obtained in gamma 

profile.  
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Structural integrity of steel pipes affected by welding process and defect propagation due to 

Hydrostatic Testing - HT was simulated by numerical finite element method and data 

comparison with experimental gamma tomography was carried out. Samples of pipes with 

preexisting defect on the welding region were submitted to hydrostatic tests over working 

pressure and a correlation between defect degree and structural resistance was evaluated.  

 

 

1. INTRODUCTION 

 

Nuclear techniques are largely used on several industrial processes for parameter evaluation, 

nondestructive testing, control, as they are competitive as far opaque system and nonintrusive 

measurement are required.  CT - Gamma Ray Computed Tomography in process engineering 

actually presents a rather sophisticated technological stage. Investigations on FCC - Fluid 

Catalytic Cracking units and on multiphase flow in opaque reactors are increasing in 

continuous scientific and technological developments. 

 

 

Gamma-ray scanning, often referred to as “column scanning”, is a convenient, cost effective, 

fast, efficient and non-intrusive technique to examine inner details of a process column or a 

reaction vessel, while it is in operation. Column scanning allows an engineer in petroleum 

refineries, gas processing installations and chemical plants, to study tray or packing 

hydraulics inside a distillation column at any set of on-line condition. It provides essential 

data to optimize the performance of columns, extend column run times, track the 

performance-deteriorating effects of fouling and solids deposition, and identify maintenance 

requirements well in advance of scheduled turnarounds. 

 

 

Well-established techniques utilizing radioisotopes encapsulated as sealed radiation sources 

are used in industrial gauging and analytical applications. Gauging devices are used to 

monitor and control the thickness of various manufactured products including: sheet metal, 

textiles, paper, newspaper, plastics, photographic film and rubber Radioisotope gauging is 

based on the principle that the radiation emitted from a radioisotope will be reduced in 

intensity by matter between the radioisotope and a detector. The amount of this reduction can 

be used to gauge the presence or absence of the material, or even to measure the quantity of 

material between the source and the detector. The advantage of this form of gauging is that 

there is no contact with the material being measured. A typical application is the 

manufacturing of plastic film. The film runs between a radioactive source and a detector and 

the detector signal strength is used to measure then control the thickness of the plastic film. A 

similar technique is used to measure the height of coal in hoppers. Another common use of 

radioactive sources in gauging is level measurement in tanks or other containers. The 

radiological methods have an advantage of being low maintenance and non-invasive, since 

typically the gauge uses gamma sources that can „see‟  through the tank walls. This on-line 

information can reduce repair downtimes significantly.  

 

 

Nondestructive Testing is applied is this work and there are two modes of measurement 

depending on the detection system. The most common is radiography in which the variation 

of the radiation intensity emerging from the object is recorded on photographic plates. In the 
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other mode, designated gammametry or X Ray, Gamma ray tomography the intensity of the 

emerging radiation is measured with gamma-ray detectors. 

 

  

Projection radiography has long been used for pipe inspection and corrosion monitoring. The 

radiological wall thickness measurement of pipes and similar objects is based on the 

evaluation of shadow projections. In this traditional tangential wall thickness estimation the 

distance of border lines of the projected wall shadows of a pipe onto a radiographic image 

detector is a direct measure for the wall thickness. 

 

 

 The tangential technique can be complemented by the possibility to measure corrosion 

defects elsewhere within the pipe. This eliminates the need to re-inspect pipe sections with 

other orientations of radiographic source and detector using the tangential technique.  

Welding Inspection is carried out by X ray and gamma ray by means of several methods and 

according technical requirement. The amount of energy absorbed by the object depends on its 

thickness and density. Energy not absorbed by the object causes exposure of the radiographic 

film. These areas will be dark when the film is developed. Areas of the film exposed to less 

energy remain lighter. Therefore, areas of the object where the thickness has been changed by 

discontinuities, such as porosity or cracks, will appear as dark outlines on the film. Inclusions 

of low density, such as slag, will appear as dark areas on the film, while inclusions of high 

density, such as tungsten, will appear as light areas. 

 

 

All discontinuities are detected by viewing the weld shape and variations in the density of the 

processed film. This permanent film record of weld quality is relatively easy to interpret if 

personnel are properly trained. Thickness and density differences are shown as black shades. 

Experts analyze and interpret the resulting image of the weld and deduce whether the image 

examined indicates a defect or not. For the Radiographic Testing of the circumferential 

welds, a type of weld produced around the outer surface of a pipe, inspectors use remotely 

controlled X-ray, gamma ray crawlers. These crawlers radiation the inside of pipes and 

produce single image radiographs of the welds. 

 

 

The laboratory of Fluid dynamic and Gamma ray tomography of Department of Nuclear 

Energy at Federal University of Pernambuco investigates solid flow parameters in FCC Fluid 

Cracking Catalyst type unity end carried out nondestructive evaluation. Gamma ray scan and 

signal detection by radiation detectors are performed for flow parameter investigation and 

also for nondestructive evaluation. 

 

 

 

 

 

 

 

 



 

INAC 2013, Recife, PE, Brazil. 
 

2. MATERIALS AND METHODS  

 

 

2.1.  Experimental Setup 

 

 

Tomography setup was composed of 
137

Cs isotopic gamma source and NaI(Tl) scintillation 

detector coupled to a multichannel analyzer with gamma spectrum evaluation software. 

Source and detector collimators of cylindrical aperture of 5.5×10
-3 

m and 10×10
-3 

m were 

used. Scanner motion control is a advanced automation system performing a logical interface 

between acquisition spectrum data and motors drives.  

 

    

We used  The irradiation geometry source-column-detector. In a fixed alignment, it keeps a 

good quality gamma spectrum by means of adjusting the collimator pairs. The motion control 

of the Computational Tomography system in consists of two motors and a PC. One 

servomotor moves the sample through the gamma ray detection area, whereas the other motor 

rotates the sample at a preset projection angle. Therefore, scanning motions and acquired data 

are stored and accessed by means of PC management. 

 

 

2.2 Computer Tomography with LabVIEW® 

 

 

The control algorithm of the computer tomography (CT) was developed using LabVIEW®. 

In the environment of LabVIEW® graphical programming has been set a code for controlling 

the radiation detection system and the motion system. 

 

 

In virtual instrument, the detector control can establish a communication between 

LabVIEW® and Osprey (Detector). With that we set directly the tomography parameters as 

counting time, high voltage, number of channels, region of interest etc. So we can program 

the detection system rapidly to the completion of an experiment. 

 

 

For the motion system there is a virtual instrument to control the rotation and another for 

controlling the transfer of the object. In the rotation control, an interface between the virtual 

instrument and the stepper motor driver occurs via a serial port. Parameters such as speed of 

rotation, angular pitch, deceleration velocity are sent from LabVIEW® to the driver in the 

form of American Standard Code for Information Interchange (ASCII) commands. 

 

 

In control of the transfer, the interface between LabVIEW® and servodriver is made possible 

by OLE for Process Control (OPC), which stands for Object Linking Embedding (OLE). A 

Programmable Logic Controller (PLC) interfaces directly with servodriver through digital 
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inputs and outputs. So with LabVIEW® and OPC can read and write to any variable on PLC. 

Thus the user can configure directly in the virtual instrument transversal  step desired. 

 

 

The control code developed in LabVIEW® proved very flexible because it established a 

connection with the detection and the movement systems. With this we can diversify the 

experiments configuring the tomography parameters easily in a single program. 

 

Figures and tables should appear as closely as possible to where they are first cited, e.g.    

Fig. 1, in the text.  Figures are numbered in Arabic numerals, with the caption centered below 

the figure, in boldface.  Double-space before the figure, and after the figure caption. 

 

 

2.3 Gamma Ray Transmission Measurements 

 

 

The measurements by gamma-ray transmission for the material density were made using the 

following equation: 

 

 

   (1) 

 

 

where μ is the mass attenuation coefficient (cm
2
/g), ρ is the mean density (g/cm

3
), along 

gamma ray path D, while IV and IF are the gamma intensities for reference and tube under 

inspection.  

 

 

The gamma scanner used for the corrosion tests in steel tubes shown in Figure 1., reference 

and severely corroded samples were scanned for radial density distribution.  Scan repetition 

on three inspection angles 0
0
, 60

0
 e 120

0 
degrees was carried out in order to have sufficient 

radial data.   

 

 
Figure 1. Steel tube sample at gamma ray scanning in CT. 
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The detection of a light corrosion effect was taken into account and samples were scanned as 

given in Figure 2. Tubes are ordered as reference for corrosion free on positions 1 and 3 and 

corrosion inspection tubes on positions 2 and 4.  

 

   

 
 

Figure 2. Four steel tube samples positioned for corrosion detection by gamma ray 

                         scanning. 

 

 

3. RESULTS 

 

 

In Figure 3. It can be seen a much higher intensity level for corrosion process  compared to 

reference data. In addition corrosion process data show a quite erratic distribution while 

reference keeps a rather symmetric gamma profile. 

 

 
Figure 3.  Steel tubes data from gamma ray scan: points of reference and circles of the 

                       severe corrosion process. 
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Gamma ray scan have 5 repetition and tubes profiles are seen in Figure 4. The parabolic 

shape is typical of a tube gamma ray profile and can be observed as relative intensity rises to 

one without density attenuation and is lowered for the highest density. Some asymmetric 

effect on tubes 2 and 4 can also be registered. 

 

 
Figure 4. Gamma ray profile of four steel tube samples in five scan repetition which 

                        points superposition are for the data reproducibility. 

 

 
Figure 5. Gamma ray relative intensity versus scan length of references on the left and 

                      corroded steel tubes on the right.    

 

 

Such an asymmetry effect was further observed by detailing the scanned data for reference 

and corrosion inspection. In Figure 5 is shown two profiles for both analyzed steel tube 
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samples, relative intensity against scan interval. Triangles and circles points are in regular 

shape compared to x end crosses points that show an asymmetric base line. In order to 

quantify the asymmetric effect that was observed in base line which inclination are given in  

Figure 6, for the same profiles given in Figure 5, the slop of the straight line was estimated.    

 

 

 
Figure 6. Gamma ray relative intensity versus scan length for base profile lines: circles, 

                  triangles of references and x, crosses for corroded steel tubes.  

 

 

                                                            
 

 

The slop given by equation (2) is at least by a factor of five higher for the corroded tubes. 
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Figure 7. Data fit from gamma ray profile of corrosion free steel tube. 

 

 

A evaluation was corrosion rate is proposed by means of data evaluation, taken into account 

regular profile and density value a data fit in Matlab software is shown for corrosion free 

sample. In figure 7,  a fit deviation  ≤ 5 %  are in the range of no corrosion detection, for any 

higher of 5 % deviation a corrosion rate is calculated in order to preventive control.  

 

Hydrostatic Tests. 

Hydrostatic test on a API 5L GR.B steel as pipe material were prepared previously by a 

welding process, followed by gamma ray tomography and final HT test. Samples of steel pipe 

undergo welding by inducing several failure degrees in the testing pieces. Next step, samples 

were analyzed by gamma transmission tomography. Now, the HT tests give the answer to the 

samples that can match process requirements. Comparing tomography data and HT test 

results in a fairly agreement was obtained. Such procedure, provide detailed information of 

structural deformation when compared with experimental tomography data by a statistical 

model. HT is required for equipment and pipes that are expected to resist working internal 

pressures. Combining HT and gamma ray tomography yielded a procedure to predict pipe 

quality only by the nondestructive measurement. 
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