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ABSTRACT  

In Oil and Gas Industries, Processing Pipelines and Small bores are required to undergo periodic (On-Stream) 

inspections to ensure continued safe and reliable operations. The inspection requirements include possible external 

and internal degradation pipings. For the Past 20 years, Brunei oil and Gas Industries, were performed 

conventional radiography in Onstream Inspection (OSI).  It was used to determine the internal condition of the 

pipings, mainly looking for internal erosion or corrosion. Using this technique even if found root erosion, very 

difficult to determine the remaining wall thickness for the fit for purpose (FFP) calculation. Also, was challenging 

to store and compare with old data due to the inconsistency of film quality. Oil Platform (Asset) owners are not 

keen to shut down their plant operations as volatile market conditions due to the oil price drop and maintaining 

the company reputation without jeopardy. Ultimately Computed Radiography (CR) can be eliminate those issues 

indeed provide reliable results. CR is strongly determined not only saving exposure time, processing time and 

achieve the productivity But also decreases the intangible costs like plant shutdown, Overheads, lead time and 

longer usability of isotopes are increasingly important when consider replacing conventional Radiography 

technique, which needs manual film processing, use of developing & fixing chemicals, which leads tedious 

chemical disposal and threat to environmental safety at offshore installation. But more than in a traditional 

radiography, the use of digital images is a trade-off between the speed and the required quality. Better image 

quality is obtained by longer exposure times, slower phosphor screens and higher scan resolutions. Therefore, 

different kinds of storage phosphor screens are needed in order to cover every application.  Most operations have 

the data, associated with the tests to be performed, centrally stored in a database. Using a computed radiography 

system gives not only the advantages of the manipulation of digital images, but also the digital data that is 

associated with it. Smart methods to associate cassettes and Storage screens with exposed images enhance the 

workflow of the NDT processes, and avoid human error. Automated measurements tools are help to measure the 

direct wall thickness of the pipe and internal blockage. Therefore, the owners can save the cost whilst enhance 

safety and reliability through Computed radiography.  

KEYWORDS: Computed Radiography (CR), Onstream Inspection (OSI)  
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1. Introduction 

In the oil & gas/offshore industries, internal corrosion and weld erosion is most common cause of pipelines failure. 

The detection of corrosion/erosion has been a major problem and challenge in industries. Various NDT methods 

can be used such as radiography testing, ultrasonic testing, eddy current testing, etc. But only profile radiographic 

testing is most suitable to examine piping though if insulated.  

For more than 20 years conventional Radiography technique used which had a lot of limitations to give the 

quantitative measurements. Computed radiography” (CR) is a technique of digital industrial radiology which is 

developed to replace conventional radiography. With a CR system, the detection of the outer and inner wall surface 

of the pipe is done usually by edge detection and filter algorithms of the profile line at the position under 

investigation.  

2. CR Technique  

Computed Radiography have got the evolution from the conventional RT and becoming the most common system 

in contemporary NDT Techniques. The work process remain same with CR as with film/screen conventional 

radiography. Much of the equipment looks the same at first glance, and basic workflow is the same, however there 

are some major functional differences between the two systems. 

The difference between film/screen and CR is how the ultimate image is generated. With CR the optical signals 

are processed based on a phenomenon called ‘photo-stimulated luminescence’ rather than ‘phosphorescence’ as 

in the case of film/screen radiography. 

It is an eminent advanced NDT technique for monitoring pipe corrosion/erosion and Especially Profile 

Radiography/Tangential Technique. The prime role of CR is reduce the cost by reusable the image plates, cut-

down the chemical/processing costs and achieve the required quality with higher precision of measurement. 

3. On-Stream Inspections at Offshore Facilities & Challenges. 

Offshore facilities are usually influence by the Adverse Weather conditions (Like High winds, Lightings, Severe 

Sea State etc), Safety and Environmental factors which affect people, equipment and facilities. Indeed, these 

conditions deteriorate the personnel travel to the specific platform facilities and perform inspections. 

Even obtaining the permit/authorization to work for inspections is quite challenging, especially to perform 

radiography technique needed isolation, cordon-off the area and none of the other operations/personnel allowed 

to perform work. Thus, very limited time will be permitted to perform Radiography.  

Sometimes long exposure of radiograph required based on the thickness of the specimen. If anything goes wrong, 

the particular radiography will be in vein and shall be radiographed again. The prime drawback is results cannot 

obtain immediate. Majority of the offshore facilities doesn’t have dark room to develop the radiographed film. So 

frequent travel would be inevitable.  
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4.  Conventional RT vs CR 

Numerous factors influence to replace conventional RT by CR and why CR playing vital role to edge over 

conventional RT is differentiated in the below table. However, the same radiographic Equipment can be used for 

conventional RT and CR. Though CR takes less than half of the exposure time taken by the Conventional RT to 

produce radiograph. The results will be immediate and the needed quality will be achieved by adjusting the image 

using CR System, Dark room or chemicals not required to develop the image rather it can be scanned.  

Conventional Radiography Computed Radiography 

Increased Exposure Time  Shorter Exposure time than (10-50% less) 

Conventional RT  

More Radiation doses to the Inspector Lower Radiation doses to the Inspector 

Long Plant Shutdown  & Less productivity Shorter Plant Shutdown, Time efficiency for 

resources & higher output 

Expensive Infrastructure , Requires Dark Room, 

Chemicals for Processing/developing Film 

Dark room not required. Can be developed in 

normal room conditions. image can be developed by 

scanning in CR Scanner  

Time taking process.  It  can be viewed after the 

development 

Instant View of the Image, Faster defect evaluation 

& decision making. 

Image neither converted nor viewed at normal light. 

Need viewer to see image. Deputed place needed for 

storage. 

Image can be seen in ambient light and 

electronically shared, Archived, Easy retrieval of 

images & Data Management 

Film used for RT cannot be reused. No film needed Reusable flexible Imaging plates 

(up to 3000 times) can be used and consumable cost 

effective. 

Possibility of reshoots/retakes due to the poor 

imagining technique / inside process fluid 

Less reshoots/retakes, Different thickness can be 

imaged in one shot, Image can be adjusted and 

improvised to achieve the quality. 

Hazardous Chemical used to develop film and proper 

disposal required to protect the environment 

Environmental Friendly and no chemical processing 

or disposal required. 

Table 1: Comparison of Conventional RT vs CR 
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5. Role of CR in On-Stream Inspections and Potential problems in Offshore Pipelines 

In-service pipes have a variety of potential problems, which can lead to failures. Usually oil wells are produce 

oil–sand slurry, combined with water, carbon dioxide and salts which can create corrosive environment for 

pipework and equipment used to transport these fluids. The important degradation experienced in the oil and gas 

industry by the sand impingement is erosion–corrosion. Erosion–corrosion is a form of material loss caused by 

flowing fluid damaging the inner wall of the base metal. 

Thus the ultimate purpose of CR is to detect the outer & inner wall surface and to monitoring the corrosion/erosion, 

wall thinning of pipelines, degradations, inspect the in-service pipelines without removing insulation. Also to 

provide accurate quantitative measurements, qualitative images with faster evaluation. 

The biggest advantage of CR, as mentioned in the above table radiographed CR image can be adjusted to evaluate 

the results though image seems low contrast. This can be achieved by specialized CR software image adjusting 

technique. Rather below figure.1 depicts the accurate wall thickness measurement and could apparently see the 

wall corrosion, which cannot be achieved in conventional RT. 

                  

Figure 1: Image adjustment to evaluation 

                                   

Figure 2: Multiple wall loss & External/Internal Corrosion 

Raw image from the Radiograph Image adjusted by CR 

Maximum 
Remaining 
wall 
thickness 

External 
corrosion/wall 

loss 

Internal 
Corrosion / 
Significant 
Wall loss 
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Another instance, figure.2 connotes the Maximum Remaining wall thickness is 8.1mm (Actual wall thickness is 

8.74mm), though different wall losses noted at the different locations and significant wall loss/internal corrosion 

at the specific location highlighted in red.  

This reveals the measurements can be accurate with high precision, triggers faster evaluation and determination 

for further mitigation process in the in-service pipelines. 

How CR can accurately measure and provide Quantitative Measurements  

CR system equipped with automated measurement tool allows on-screen interactive dimensional measurements 

using a cursor overlaid on the images. The user can judges the locations of the inner and outer edges of the pipe 

wall images by eye. Software is used for image acquisition, analysis, report generation, to export, archiving and 

database management on any other compliant system, or simply transferred to that system. Automatic calibration 

tool used to calibrate the software to get accurate wall loss using a ball bearing or any other object with a known 

dimension, like the outer diameter of a pipe. The tool is used to measure single point or multiple measurements 

along a straight line or around a curve. Also, the software included a special set up to give warnings when wall 

loss reaches a critical level. The system software allows the user to mark lines on the image orthogonal to the pipe 

wall axis. It extracts a grey-level profile along this line and presented on-screen with superimposed image. 

Measurements of wall thickness can be obtained by either interactive or automated analysis of these grey-level 

profiles. Automated analysis can increase the reliability of the measured wall thickness which leads to conduct 

fit-for-purpose assessments more accurately. 

  

 

Figure 3: Dimensional Measurements using CR Software 
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6. Production Optimization and Decline of Retakes/Reshoots 

In 2014 at the Brunei O&G offshore facilities, CR introduced to replace Conventional RT. Since implementation 

for the past 3 years, production achieved with least retakes/reshoots. However, in a conventional radiography at 

least 15% to 20% of the retakes/reshoots may possible. After using CR, from the above data, for the 3 years and 

0.38 retakes/reshoots from total radiographs 4945. 

                       

Figure 1: No of Radiographs against Retakes/Reshoots 

7. Conclusion 

CR is an eminent technique to measure the wall thickness, quantify the measurements, identify the degradations, 

and determine the fit for purpose (FFP) in the In-service Inspections. Since it has enormously decreased the 

reshoots/retakes, widely accepted by the Brunei oil & gas industries to perform on-stream inspections at offshore 

facilities. Not only that, it has amalgamated the safety factors due to significantly lower dose and exposure time and 

the consumables no longer take part. Also neither a Darkroom/Chemicals nor infrastructure required with the 

evolutionary technique. 
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