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Abstract

The present economic climate is forcing downstream Oil Companies to maximize 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 Sonovation into the application of conventional and
Automated Ultrasonic Techniques leading to the present capability of inspection at up to 900 degrees
Fahrenheit (480°C).

Explanations will be given on how this was achieved with the attendant considerations on Health and
Safety, application problems with the required calculations. In addition several case studies will be
presented.

Introduction

Sonovation has been developing Ultrasonic High Temperature methods for around 15 years. There was an
enquiry from a major oil company to examine a weldment in a refinery vessel. The vessel had a known
problem and a similar problem had caused a failure.

The financial ramifications of having to close the plant for inspection to examine this particular critical
vessel were significant.

At that time, Sonovation had experience in working up to 200°C (390°F) and then were approached by the
Oil Company to enquire it was feasible to examine this weld at 480°C (~900°F)

Sonovation stated this would not be possible without a significant amount of research and development
work. The Oil Company agreed to assist financially throughout this program of work.

The aims of the inspection were as follows

 To be able to apply ultrasonic inspection at temperatures up to 480 degrees C
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 To be able to apply these techniques in an accurate and repeatable manner.

 To quantify Temperature influences

 To minimize as many variables as possible.

 To apply these techniques in a safe manner

 To minimize the time spent at the inspection area,

Development Work

Initially Sonovation made an experimental mock up heated by means of induction cables. The following
picture shows the set up at the low temperature range of the development work.

Several important factors came to light quite quickly and these were Coupling, cooling of the probe array,
the actual ultrasonic angle being launched into the steel, scanning mechanism and the material of the
transducer wedges.

The coupling problem was quickly solved by the use of high temperature lubricant, whilst expensive, it
offered an efficient coupling medium.

Calculation and practical experiments proved the actual inspection angle being offered by the transducer
wedge at different angles.

The following picture sees development work at relatively low temperatures as a means to show the effect
of angle and sensitivity.



It was also found that to employ fully automated scanning technique was problematic due to the effect of
temperature on electric motors. It was decided to apply semi automated methods for scanning with the
facility of digital feedback.

The following picture shows a typical HT project with semi automated scanners.

For corrosion mapping there was little problem as the Sonovation Video Tracking system could be applied
as this only leaves the transducer in contact with the surface under inspection.
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The biggest problem therefore was to locate a suitable material for the wedge manufacture working with
the couplant and angles chosen. This was achieved after a great deal of development work basically
through trial and error.

3 Validation

What was discovered at an early stage is that it is not possible for every situation to be suitable for
Inspection at elevated temperatures.

Validation should be carried out at with a similar material composition and at the expected temperature
encountered during inspection. This work, often carried out under the supervision of Clients, gives them the
confidence that an effective, acceptable inspection can be carried out.

4 Applications

The following table shows a range of applications using various techniques

Client Application Technique Temperature

Power Station
Steam Drum

Longitudinal Seam defect
monitoring

Tofd 200 ºC

Power Station
Piping System

In service defect detection Tofd 200 ºC

Refinery piping and
vessels

Accurate corrosion monitoring Pulse Echo 100-200 ºC

Offshore platform Accurate corrosion monitoring Pulse Echo 80-100 ºC
Power Station
piping

Fabrication inspection of partially
filled welds

Tofd 150-200 ºC



Chemical plant
piping systems

Hot tap inspections Tofd 150-250 ºC

Chemical plant
vessel

In service defect detection Tofd 295 ºC

Refinery piping and
vessels

Accurate corrosion monitoring Pulse Echo 100-200 ºC

Offshore piping
systems

Weld root corrosion monitoring Pulse Echo 80-100 ºC

Chemical plant
Vessels

Defect monitoring Tofd 400 ºC

Chemical plant
Piping systems

In service defect detection Tofd 400 ºC

Chemical plant
Piping systems

Defect monitoring Tofd 150 ºC

Chemical plant
pipe to header
Weldolet

Defect detection and monitoring Tofd 485 ºC

Low temperature
vessels

Fabrication inspection of partially
filled welds

150-200 ºC

The following photograph shows an operation on a nozzle at high temperature.



There are certain circumstances when knowledge of the initial weld runs of fabrication welds can be vital
as any subsequent repair can be either impracticable of indeed expensive. This picture shows a typical
intermediate inspection carried out at elevated temperature.

5 Safety Implications

The most important factor for applying ultrasonic inspection is of course safety. This was applied
throughout the development stage when the high temperature inspection was being applied in the
laboratory. Special procedures were put in place to ensure the safety of the staff in general and the
engineers working on the project in particular.

For site work it is essential to liaise carefully with the Plant Engineers and Safety officers to ensure a
smooth and safe operation.

Important factors to be considered are as follows

 The extent of lagging to be removed to minimize staff contact with the surface.

 The positioning of scaffolding to ensure easy uncluttered access and egress at the inspection area.

 The use of three inspection technicians instead of the standard two; one operating the scanning
mechanism, another operating the instrumentation and the third acting as a guard on the technician
operation the scanning mechanism.

 The use of protective clothing is obviously essential and although Sonovation have their own in-
house safety equipments, these must be cleared with the client’s representatives.

 Good inspection planning and procedures are required to minimize inspection times for personnel
and equipment.

6 Conclusions

Sonovation have now shown that Ultrasonic Inspection can be carried out at High Temperatures in many
situations, the following table is a brief description of the inspection temperatures and techniques we have
applied to date.

Technique Application Temperature Limitation
Tofd Defect Detection 480 degrees
Tofd Defect Monitoring 480 degrees

Phase Array Detection and Sizing 450 degrees
Corrosion Mapping Corrosion Assessment 350 degrees

Spot Checking Thickness Testing Over 500 degrees



Sonovation have now successfully applied ultrasonic inspection at elevated temperatures in many
circumstances and in many different applications and techniques, Work will continue to increase the
temperature limitations shown.

Although this technology is obviously more expensive to apply than advanced Automated Inspection at
ambient temperature it has proved to offer clients significant cost savings as an alternative to shutting the
plant down for inspection thus keeping the plant in production mode and not losing any profit.


