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Abstract. The present economic climate is focusing downstream Oil Companies to 
maximise the use of their production assets.  
 The major push forward has been the reduction in maintenance period with the 
emphasis on increasing activities which can be carried out when the plant is on 
stream. Inspection on stream has many advantages for the operator, the more 
obvious being that there is no requirement to shut their plant down. Other gains to 
be made are that there can be a better planning for any subsequent remedial action 
before a planned shutdown. 
 This paper will discuss the progress made by TÜV Rheinland Sonovation into 
the application of conventional and Automated Ultrasonic Techniques leading to the 
present capability of inspection at 887 degrees Fahrenheit (F) (475°C). 
 Explanations will be given on how this was achieved and standardised with the 
attendant considerations on Health and Safety.. In addition several case studies will 
be presented. 

Introduction  

To assist plant operators in maximising the availability of their assets and to reduce their 
shutdown time, TÜV Rheinland Sonovation has developed an online inspection strategy at 
plant operating temperature. 
For in-service inspections when the plant is in full operation, TÜV Rheinland has developed 
a set of “standard” procedures to be able to do corrosion mapping and weld inspections in 
low-alloyed carbon steel up to 662 F (350°C). The result is that we can deploy the techniques 
fast, reliable and at reasonable costs.  
 
For inspections from 662 F (350°C) up to 887 F (475°C) or for special configurations or 
special materials, we develop and validate specific procedures.  
 
For pre-service inspections on heavy wall vessels or on the so called “golden” welds, we 
have the possibility to inspect the partially filled weld at pre-heat temperature. 
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Standardised approach 

For regular inspection demands up to 662F (350°C), testing on a range of samples at different 
temperatures has been performed and based on this, a set of “standard” procedures has been 
drafted. The result is that we can deploy the services fast and reliable all over the world at 
reasonable costs.   
Samples for weld inspections are manufactured based on the ISO10863 (TOFD) and 
ISO13588 (PA). Detection and sizing of the reflectors as per the ISO pre-service standards 
were the criteria to be achieved with the chosen setups. A range of TOFD and PA high 
temperature resistant probes and wedges were manufactured and operators were trained, so 
that inspection teams can be made available on short notice to service the clients.  
 
For corrosion mapping, similar test were done on flat plates with different wall thickness at 
different temperatures with a standardised set of reflectors, representing the most common 
corrosion types in petrochemical industry.  
  

Inspections above 662F (350°C) 

For inspections above 662 F (350°C) and inspections at elevated temperature on complex 
geometries, we make appropriate and detailed ScanPlans®. During the testing and validation 
the highest attention is required for this detailed preparation process to determine the 
necessary set-ups. In the case of TOFD and PA inspections, we pay special attention to 
calculating wedge angles, which are significantly affected by velocity changes in the material 
caused by high temperatures. Probe Centre separation (TOFD) and relevant ultrasonic 
characteristics, such as transducer diameter and frequency must also be taken into 
consideration. 
 
Emphasis is placed during the pre-site validation work on comparable materials. Typically, 
tests are carried out on a test specimen at incremental steps of 50F (10°C) either side of the 
required inspection temperature in order to ensure optimum ultrasonic performance. 
Continuous monitoring of couplant performance is carried out, with the primary challenge 
remaining the maintenance of efficient coupling with the material. To this end, an adequate 
couplant medium is required which offers the appropriate viscosity at the required inspection 
temperature. Another challenge is maintaining the probes and probe shoes under a full 
technical specification. Special precautions, such as probe / wedge cooling, are also taken 
into account. 
 
Main areas of attention are; data reproducibility; technique accuracy; meeting the inspection 
objective; safety of personnel 
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Partially filled welds 

For pre-service inspections on heavy wall vessels or on the so called “golden” welds of piping 
systems, we have the possibility to inspect the partially filled weld at pre-heat temperature 
with the TOFD technique. To do so, the weld has to be filled 1/3 as a minimum to be able to 
inspect.. The normal TOFD algorithms can not be applied due to the fact that the weld is not 
completely filled. Therefore TÜV Rheinland Sonovation has developed a measuring 
algorithm, to be able to measure the defects in the filled area to determine the setups and 
validate the procedure, the same approach as for inspections above 662F (350°C) is followed.  
 

 
 
Advantage of this approach are is that the repair of rejectable indications can be done in an 
earlier stage and that finding rejectable indications with the chosen NDT technique after 
cooling down the weld is reduced significantly. Inspection of the partially filled weld is 
limited time consuming as the inspection is done when the weld is remained on pre-heat 
temperature. When the repair of a “golden” weld is holding up the start up of the client’s 
plant, the savings by this approach are significant.  

Safety 

Safety is of the highest importance. All used equipment and couplant is heat resistant. 
Depending on the temperature, it is enough to protect the operator with gloves, to a highest 
security level, where the operators work in full high temperature protected equipment, with 
fresh air addition in the helmet and a third men in the team for safety purposes only. TÜV 
Rheinland Sonovation has worked out a safety procedure and works with a risk inventory 
matrix before starting the job. 
 

 
 

Case study 1 
TÜV Rheinland Sonovation was invited by a refinery for crack monitoring a steamline on 
the inside of a 16” bend with a wall thickness of 14.5mm at a temperature of  662F (350°C). 
As the inspection was on the inside of the bend, special curved wedges were prepared for 
TOFD to be able to size and monitor the cracks.  
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As a repair action, at instruction of the client, two sleeves were welded around the bend. The 
longitudinal and circumferential welds to keep the sleeve in place and to connect the sleeve 
to the orginal steamline were inspected with the TOFD and PA technique. The inspection 
was approached as a pre-service inspection under ASME B31.3/ASME V Article 4 at 662F 
(350°C). Validation and calibration of the procedure and at the time of the inspection was 
done at 662F (350°C). 
 

Case study 2 

TÜV Rheinland Sonovation was invited by a client active in the Oil and Gas upstream sector 
to inspect 3 “golden” welds on an offshore platform. Diameter 12”, wall thickness 28mm, 
temperature: 302F (150°C). An inspection was performed on the welds with the root and a 
few filler layers in place (~10mm of weld material). 
 

 
 
 
On each area offset scans were made and stored to provide additional information when 
analysing and interpreting the collected data. After analysing the data collected during the 
initial inspection many detected indications were found rejectable in the root area. These 
were visible when grinding out the partially filled weld. After the inspection of the first repair 
the partially filled welds were found acceptable. Some small indications found at 1/3 filled 
have been determined to be point like indications after inspection of the completely filled 
welds. After PWHT both welds were found to be acceptable according to the agreed 
specification. 
 
The job was completed within the original timeframe, had the standard solution been chosen, 
inspection could have led to a total cut out, resulting in 2 or 3 welds having to be put in place. 
Repair costs and down time were reduced. The solution chosen may have appeared more 
expensive on forehand, but proved to be more cost-effective. 
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Case study 3 

Inspection of a series of vessels and bends with the C-scan corrosion mapping technique with 
video tracking at elevated temperature 662F (350°C). Inspection was done during production 
so that the number of inspections during the turnaround could be limited to a minimum. The 
result of the inspection was that repairs/modifications could be prepared before shutdown, 
the shutdown planning could be optimised. Shutdown was shortened and the savings were 
significant. 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 

The benefits of our approach are: 
-Reduced down time of the plant, by improved maintenance planning / RBI input 
-Reduced shutdown time 
-Monitoring of cracking and corrosion spots during production 
-Inspection of on-line repaired areas, in accordance with ASME code case 
-Wall thickness mapping of the area, before making hottaps 
-Significant reduced risk on weld repairs during the construction phase of heavy wall vessels 
or “golden” welds. 
-Validation on elevated temperature assures that final inspection reproduces test results 
during validation 
-Standardised inspection up to 662F (350°C) results in quick availability of the inspection 
against reasonable costs 
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