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Pipelines are essentially pressure vessels and lack of pipeline integrity can lead to failures, which can result in significant financial loss, not to mention environmental damage and detrimental effects on a company’s reputation. Accurate and adequate inspection is the key to assessing pipeline integrity and this article reviews the latest technology available for this critical task – from the manufacture of the pipe through construction to aging asset.

Introduction

Many factors can affect the integrity of a pipeline throughout its entire life cycle. Although flaws within the original steel plate used to fabricate pipes are rare, 100% ultrasonic testing is still carried out prior to rolling.  After rolling, the longitudinal or spiral welds of the finished pipe must be inspected for defects such as cracks, slag inclusions, lack of fusion, porosity, etc. Similarly, base material defects can occur in the heat-affected zone (HAZ) and it is important to inspect the pipe ends, as these will become the HAZ during pipeline construction. Girth welding, where lengths of pipe are joined together often takes place in less than hospitable conditions, ranging from an exposed double joint fabrication yard to the back end of a lay barge. As a result, the equipment used to carry out inspection must be robust and flexible as well as accurate and reliable. In-service inspections for integrity not only look at welds but also monitor corrosion/erosion, caused by aggressive or abrasive fluids or environments. In addition, environmental conditions can sometimes cause embrittlement and stress corrosion cracking of welds and base metals.

Naturally, each of these inspection areas poses its own particular challenges and this has resulted in the development of application-focused solutions.

Inspection at Source

Most pipe mills include some kind of inspection after virtually every stage of manufacture. Steel plate is inspected by the supplier of the raw material and documented results are provided with each shipment.  Testing machine are integrated into pipe production lines and are used to test a wide range of tubes and pipes, from small diameter, cold finished, seamless tubes for power plants or automotive the industry, to large diameter, large wall thickness hot rolled seamless tubes for casing and drill pipe and welded tubes for oil and gas pipelines. Inspection is carried out by a variety of methods including visual inspection, eddy current, flux leakage, magnetic particle inspection, radiography and ultrasonic inspection.  Visual inspection is generally carried out after submerged arc (SAW) welding or electronic resistance welding (ERW) of the long seam to identify any obvious manual pipe weld repairs that need to be made. At the same time, the pipe may well be inspected internally by a remote visual camera to check for any remaining flux or slag. Ultrasonic inspection is an essential inspection process, whether it is for electrical resistance welded pipe (ERW) or submerged arc welded pipe (SAW) and for SAW pipes, whether the pipes are longitudinally or helically welded. An important element of the ultrasonic inspection is the quality of the test electronics platform  which significantly affects the control and operational speed of inspection.  The test electronics must be capable of operating all the ultrasonic functions in up to 60 channels, with parallel and / or multiplexed operation so that the required pulse density for all testing functions is ensured. A significant development in test electronics has been the introduction of phased array inspection.  A phased array system consists of the following primary components:

· Transducers in phased array assembly

· Array control electronics linked to the pulser receiver channels.

· Array timing control for phasing

Multi channel Ultrasonic evaluation electronics
· Mechanical system to position array probes and to ensure good acoustic coupling.

Array head modules include 128 pulsers and pre-amplifiers for each array. From the 128 elements, selectable numbers of  adjacent elements can be activated as a group simultaneously and create a virtual probe.

Having determined the optimum setting, arrays allow for virtual scanning of the weld to give an optimum test despite weld wander and to give a thickness profile of the weld without the need for any mechanical probe movement. Another big advantage is the short changeover time. No mechanical probe adjustment is necessary over a wide dimension range. The probes and the evaluation electronics are adjusted electronically by recalling stored parameters. The sound beam of the probe is changed to meet specific requirements solely by means of the control electronics. 

Box

Phased array systems rely on the computer-controlled excitation of each element in a multi-element probe in terms of the element’s amplitude and the delay between the energising of consecutive elements. In this way, the small wavefronts created can be time-delayed and synchronized for phase and amplitude such that a focused, steerable beam is produced. As a result, a single phased array probe can perform those inspection tasks normally requiring large numbers of conventional probes or multiple scanning passes. This means that inspections are faster, inspection equipment is more flexible as set-up change over can be achieved very quickly and there is no need to carry different sets of probes for different inspection tasks. 

Inspection During Fabrication

Pipes are delivered in specified lengths to the fabrication yard, laybarge or the land-based pipe laying location, where they are then typically joined together by butt-welding to form piping systems.   

Historically, girth weld inspection has been carried out by radiography. For both small and largte diameter pipes.  This technique provides easy-to-interpret, two-dimensional grayscale images of the weld and, with minimal training; an operator can interpret the image and determine the relative quality of the weld.  While radiography is still widely accepted, like any other technique, it does have its drawbacks and disadvantages, especially in terms of creating radiation hazards.  

Moreover, traditional radiography creates a two dimensional image or picture of a weld, normal to the radiation source.  As a result, weld cracks oriented perpendicular to the surface are often not detectable and present a possible failure mode if unchecked.  Conversely, X-ray inspectors, simply because of a lack of adequate three dimensional inspection data, sometimes reject perfectly acceptable welds.

Automatic Welding and Automated Ultrasonics

Nowadays, girth welding of large diameter pipe is often carried out by mechanized or “automatic” welding processes rather than by manual techniques. This change has seen an accompanying conversion to automated inspection techniques and particularly to Automated Ultrasonic Testing or AUT.

Automated Ultrasonic Testing offers significant advantages over radiography. Specifically:

· It does not pose a radiation hazard.  

· Cycle times per weld, including acquisition and interpretation of data, are typically less than 4 minutes for large diameter pipes.  Girth welds can be inspected as soon as the weld is appropriately quenched providing near real- time process feedback to the weld crew and dramatically reducing the cost of rework.

· It provides a wealth of data, allowing accurate sizing and location of defects and facilitating the use of alternative acceptance criteria.  For example, techniques such as Engineering Critical Assessment reduce repair rates and speed up production, while maintaining weld integrity and providing overall cost savings to a project.
AUT systems typically employ an array of individual ultrasonic probes positioned on the upstream and downstream sides of a weld, with each probe focused on specific areas of the weld volume.  A mechanical drive system provides controlled motion of the complete probe array, allowing the individual probes to scan the length of the weld to provide a comprehensive volumetric ultrasonic picture of the weld or pipe wall.  

Advancements in AUT

AUT has been applied to girth weld inspection for some years but its benefits have now been significantly improved with the introduction of the latest generation of AUT equipment. Typical of these is Weldstar from GE Inspection Technologies, which has been engineered to address problems associated with earlier AUT systems.

For example, locating all the ultrasonics electronics on the scanning head and employing the latest in EMI shielding design have now significantly increased resistance to Electro-Magnetic Interference (EMI). This design element minimizes the potential for externally induced electronic noise from welding equipment, power lines, etc. to negatively impact the probability of detection (POD) reducing the possibility of missing indications or generating false calls. This also means that weld inspection can be carried out in real time, without the need to wait for the welding machine to be advanced further down the pipe or to cease operation.

Another area of significant technical advance has been in the introduction of phased array probes to reduce the complexity of system design. Until relatively recently, AUT systems were built with numerous channels of conventional ultrasonics.  Such systems are optimized using a variety of techniques to provide excellent inspection quality.  The only drawback to this architecture is that each ultrasonic channel typically requires an individual ultrasonic probe, making the probe arrays somewhat large and unwieldy – especially for complex inspections that can require 30 or more probes to provide adequate weld coverage.  Several years ago, phased array ultrasonics was introduced to AUT with the intention of simplifying probe arrays.  In theory, phased array ultrasonics should allow a pair of probes to replace a complete array of conventional probes on an AUT scanner and, to a large extent, this is precisely the case.  However, specific critical ultrasonic shots require conventional probes for a proper girth weld inspection. Specifically, these are those required for Time of Flight Diffraction (TOFD) and transverse defect detection. Recognizing the benefits of both conventional and phased array ultrasonics, Weldstar includes both techniques in a common, hybrid inspection tool.  Consequently, the same system can fire both phased array and conventional shots during a scan, leveraging the advantages of each technique to ensure maximum inspection, and pipeline, integrity.

Recent Advances in Fabrication Yard Inspection

An ever-growing problem in the fabrication yard has been the elimination, where possible of radiography.  Radiographic inspection, because of the hazard it imposes on adjacent personnel, but necessarily be taken off line and this involves moving pipe to special areas. Manual  ultrasonics has often provided a solution to this problem, as there is no radiation hazard and no waste chemicals. However, manual ultrasonics today suffers from a fall in the number of highly qualified inspectors, which again can cause bottlenecks.

An elegant answer to this problem has been found with the introduction of the USM Vision system from GE. This allows non-UT trained specialists to gather reliable and accurate pipe weld inspection data, for subsequent remote assessment by a suitably qualified ultrasonics expert. As a result, ultrasonic inspection can be used in situations conventionally requiring radiography, removing constraints such as extended film processing times, radiation screening and waste chemicals disposal. This facilitates the migration of skills from radiography to UT, reducing the possibility of bottlenecks, providing significant increases in productivity and improving operational health and safety.  

The new inspection solution can operate in phased array and TOFD mode and is supplied with its operating software and GE’s Rhythm analysis software, as well as the probes and wedges to suit the selected codes and pipe ranges.  Set-up is menu-directed allowing the operating software to calculate the ultrasonic parameters for each weld and pipe combination and create an easy-to-follow inspection plan. The operator can then scan the weld, with an encoded scanner, using TOFD or Phased Array. Inspection data is transmitted to a review station in the industry-accepted protocol, allowing advanced analysis tools, such as real time, volume corrected imaging, to allow easier and more reliable image interpretation. By using GE’s Rhythm software platform, inspection data can be reviewed and shared, reports generated and inspection results archived for tracking or further analysis.

Although, it will obviously not replace radiography in every instance, it offers users an opportunity to eliminate radiography constraints when required, as well as making best use of the expertise of the limited numbers of qualified ultrasonics inspection personnel.   Its intuitive, 100% guided operation will also help to extend the skills base of radiography inspectors.

In-Service Inspection

In-service inspection is essential to extend the life of aging assets, to squeeze ever more production out of assets by minimizing downtime and to help prevent catastrophic failures, failures that can result in the loss of life, and damage to the environment and company reputation, and eventually company profits. As has been mentioned previously, there is significant decrease in the number of skilled inspection technicians. As a result inspection technology has had to focus on developing equipment and systems that can inspect faster and are more versatile, without detriment to accuracy, safety and reliability. This has meant that ultrasonic phased array technology is now available in portable flaw detectors, saving time and improving probability of detection. It has meant that X-ray crawlers now use X-ray units with very high radiation outputs and small focal spots allowing minimum exposure times and the ability to operate inside high wall-thickness pipes. It has meant that conventional flaw detectors are now even more robust and easy to use in applications ranging from weld inspection to corrosion monitoring. It has meant that digital radiography is fast taking over from wet film systems and that digital radiography is increasingly portable and is supported by sophisticated software. And it has meant that embedded sensors are increasingly being used to provide remote monitoring of pipelines, from unmanned offshore platforms to land pipelines in hostile environments.

Developments in Radiography

Digital radiography today relates to Computed radiography and direct digital radiography. Computed radiography (CR) uses an imaging plate instead of film and is fast replacing conventional radiography in many applications. The imaging plate of a CR system contains phosphors that retain a latent image produced by means of a conventional source. When the plate is scanned with a laser beam in a digitizer or scanner, the latent image is released as visible light. This light is then captured and converted into a digital stream, to create the digital image, which can then be viewed on a image review station Once used, the imaging plates can be wiped clean and re-used, typically up to 1000 times.

The phosphors on the imaging plate have an extremely wide dynamic range, so that there is greater tolerance for varying exposure conditions and hence a need for fewer retakes, which also means substantial dose reduction. There is also no development time as images are available for viewing as soon as the plates are scanned and inspection productivity can be two times that of film systems. 

Today’s portable CR scanners, such as the CRx25P from GE, can be operated at standard scan resolutions of 50 micron or 100 micron, which is particularly suitable for corrosion/erosion inspection. They can also be operated at scan resolutions of 17 micron and 25 micron, making them qualified for weld inspections in compliance with international standards. In addition, a battery-powered version enables autonomous operation in special environments.

With direct digital X-Ray, a flat panel is covered with a cesium iodide scintillator which converts the X-rays into light. This light is then converted into electronic charges in a low noise, photodiode/transistor array, where each photodiode represents a pixel or picture element. The charged electrons then pass to read-out electronics for digitising and immediate display on a suitable monitor.  Direct digital radiography offers equal and often greater probability of detection compared with film but it also offers significant operational productivity. There are fewer process steps with digital radiography and so the cycle times are reduced by more than 50%. This means more than 50% increased throughput.

Until recently, the technology has been restricted to the laboratory and manufacturing environments.  This has now changed with the introduction of the DXR250 detector from GE, which weighs just 13 lb and can be connected to a laptop computer to produce images for instant review, allowing DR to be used in areas previously limited to radiography by film or Computed Radiography techniques. 

Remote Corrosion Monitoring with Embedded Sensors

Corrosion and erosion account for 44% of the damage costs associated with transmission pipe failures in the United States alone. Corrosion and erosion are caused by incidental but unwanted chemical, electrochemical or mechanical effects, which cause surface damage to materials and especially metals. Certain locations within pipelines and multi-phase piping systems are particularly susceptible to corrosion and erosion. These can include water drop-out zones, slugging areas, bends and other areas which stimulate turbulence within the product flow. Corrosion and erosion, especially at these critical locations, is usually manifested by a thinning in the wall thickness of the pipe or vessel. Wall thickness measurement is a tried and tested method of monitoring the effects of corrosion and erosion

Traditionally, manual ultrasonic inspection has been used to carry out corrosion monitoring of pipelines. However, to provide the necessary coupling, manual ultrasonic inspection often requires the removal of insulation or lagging and the erection of scaffolding. It can even involve the excavation of pipelines and the shutdown of plant, as well as the not inconsiderable costs of transporting personnel to and from remote, and sometimes inhospitable, inspection sites.

A leader in the field of corrosion monitoring using remote sensors is the Rightrax platform from GE.  Rightrax systems can be manual, semi-automated and automated and can be used  upstream, midstream and downstream. There are essentially two versions: the Rightrax Flex; and Rightrax HT.

The Rightrax Flex, uses a flexible, multi-element,  self-adhesive ultrasonic transducer array that is permanently bonded to the plant or pipe to be monitored.  Fourteen discrete ultrasonic transducers are each accessed by means of by means of a small integrated control module. Ultrasonic coupling is provided by the self-adhesive and, once installed, this M2 sensor can be coated in any conventional insulating or proofing material used to protect the pipe or plant. 
Inspection data from the M2 sensor is collected by a portable data logger, which has many of the functions of a conventional flaw detector but can be operated by unskilled personnel. It is used to fire up the sensors and can display inspection data in terms of wall thickness or rectified and unrectified A-scans on a built-in LCD screen. It can store data records from up to 100 sensors before uploading is required and a single data logger can be connected to up to 10 M2 sensors on the same cable using an M2 Multiplexer. Measurement data can also be viewed on a PC connected to the units RS232 serial port.

The system can be semi-automated for use in hazardous areas by locating the ATEX-approved datalogger in the hazardous zone and downloading data at regular intervals.  

The automated version of the Rightrax Flex corrosion/erosion-monitoring system is certified for operation in ATEX zone 2 locations. Data analysis can be carried out utilizing bespoke software with data viewable via the user’s corporate WAN/LAN system to any location. 

Rightrax HT features groups of four high temperature sensors. These can operate at temperatures up to 350°C, are clamped directly to the pipe or vessel to be monitored and connected to a single sensor interface. This interface contains the ultrasonic instrumentation to drive the sensors and transmits received data to a local PC via an RS485 serial connection.  Data collection intervals are programmable to meet specific needs and allow data on demand.  A flexible software interface allows communication with a variety of inspection database management systems via open software interfaces and standard industry protocols such as OPC and MODBUS. As a result, sophisticated data analysis can be performed to provide accurate and reliable trending information.  Both sensors and sensor interface are intrinsically safe for use in zone 1 areas.
Inspection Software

With all these important developments in inspection technology, it has been equally important that data processing software has kept pace. The Rhythm software platform has led in this area. It uses the industry-accepted DICONDE protocol to allow images to be acquired, displayed, reported, reviewed and archived. Moreover, the system is compatible with image data from radiography, RVI and ultrasonic inspections and this capability will soon be extended to include eddy current. In addition, plug-in modules are also available, such as the recently introduced Flash! Filters, which automatically apply enhancements with one button mouse click, eliminating time previously spent adjusting the brightness and contrast settings to obtain the sharpest image. Typically, this saving can amount to approximately 10 seconds of analysis time per 5 inches of weld. 
Conclusions

Everyone involved in the operation and management of pipelines agrees that monitoring of pipeline integrity at all stages of a pipe’s life is essential both in terms of ensuring plant productivity and guaranteeing plant safety. Unfortunately, inspection is often viewed as a cost, which, although necessary, does not make a quantifiable contribution to the bottom line. However, the introduction of today’s application-focused technology and software. Is helping to improve inspection productivity, while maintaining the accuracy and reliability necessary to reduce downtime and improve plant safety. At the same time, some of the recent developments are addressing the important skills shortages which the inspection sector must face. 
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