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Abstract 

Failure of plant equipment in the hydrocarbon processing industry can lead to significant 

financial, environmental, and health and safety consequences. Therefore, the equipment is 

subject to ongoing routine inspections, which often involve significant labour and financial 

resources. 

Methanex is a methanol producing company operating plants at six sites globally, including in 

New Zealand. The production of methanol involves the use of steam-methane reformers, which 

house hundreds of process-carrying vertically hung reformer tubes in a large gas fired furnace 

box. The heat and pressure of the process places the metal used for the tubes under high 

stresses, which results in the creep strain phenomenon exhibited as diametric growth in the tube. 

As the growth increases, the tube becomes weaker, and eventually fails. Methanex has 

developed a device for inspecting the reformer tubes and detecting this growth, called the 

Economole, thus helping to predict remaining tube life. However, the Economole device is not 

capable of inspecting the other part of the reformer, also at risk of creep strain, the pigtail 

collection pipes. These pipes are used to collect the gas at the bottom of the reformer tubes, and 

are smaller in diameter. Normal practice is to manually externally inspect these pipes, costing in 

excess of 100 000 NZD for Methanex New Zealand’s three reformers.  

The research performed during this thesis was initiated to address the gap in internal, 

automated, reformer inspection at Methanex, by integrating the field proven Economole tube 

measuring device, with a laboratory tested prototype, the Minimole. Commercialisation of the 

Minimole concept was carried out, to provide a fit for purpose device, and integration of 

mechanical, electrical, communication and control systems was subsequently completed.  

The final outcome of the project was the MXmole device. It consists of an improved Economole 

system, integrated with the Minimole system.. The MXmole is able to measure the full reformer 

tube, as well the top section of the reformer pigtail, during one inspection. Real time feedback is 

provided on the condition of the pigtail, with instantaneous critical warnings, indicating near 

end of life of the pigtail. This feedback can initiate immediate necessary replacement. 

Inspection coverage for Methanex’s reformer equipment has increased as a result of this 

research. This increase has provided them with additional data necessary to assess the life 

expectancy of their reformer equipment, including pigtails, without the need for costly and 

laborious manual external inspection. The outcome of this research may be adapted to other 

plants and processes in industry, allowing further economical inspection of equipment 

vulnerable to creep strain, and the overall safer and more reliable operation of high pressure and 

temperature plant equipment in industry.  



iii 

 

 

Acknowledgements 

I would like to thank Dr Liqiong Tang and Peter Tait for the opportunity to undertake the 

project, and for their guidance and assistance in the completion of the work detailed in this 

thesis.  

I would like to give thanks... 

To the staff at Methanex who facilitated my workshop and laboratory requirements, specifically 

Leith Warren, instrumentation workshop supervisor, and Sam Tait, reliability engineer. 

To the machinists and staff at Cambrian Engineering Company Ltd., Energyworks Group, and 

Pace Engineering Ltd., for their willingness and skill in the manufacture of a large number of 

bespoke parts. Specifically to Tom Drew, of Tom Drew Ltd., for his skill and expertise in 

machining and for guidance in the practicalities of manufacture.  

To the electronics workshop staff at Massey University, Anthony Wade and Morio Fukoaka, for 

being extremely helpful and flexible in assisting me throughout the project, including weekend 

work, and to Ken Mercer for helping me to remember some of the valuable information he 

imparted in my under graduate studies.  

To my supervisor and managers and WorleyParsons New Zealand Ltd., for their flexibility in 

giving me the time off to complete this project, and keeping a job for me to go back to.  

Finally, to my family, and my girlfriend, for encouraging me to take the opportunity, and for 

tirelessly supporting me throughout. Thank you Mum, Tom, Berit, Daniel, and Caitlin.  



iv 

 

Table of contents 

 

Abstract ......................................................................................................................................... ii 

Acknowledgements ...................................................................................................................... iii 

Table of figures ............................................................................................................................ vi 

Chapter 1. Introduction ............................................................................................................... 10 

1.1 Overview ..................................................................................................................... 10 

1.2 Methanex..................................................................................................................... 10 

1.3 Steam-Methane Reforming ......................................................................................... 11 

1.4 In-Service Inspections of Pressure Equipment ........................................................... 12 

1.5 Pressure Equipment Design Life ................................................................................. 13 

1.6 Scope of Research ....................................................................................................... 14 

1.7 Problems and Challenges ............................................................................................ 14 

1.8 Research Topics .......................................................................................................... 14 

1.9 Organisation of thesis ................................................................................................. 15 

Chapter 2. Literature Review ...................................................................................................... 17 

2.1 Failure Mode of Reformer Tubes and Pigtails ............................................................ 17 

2.2 Reformer Life Expectancy Requirements and Techniques ......................................... 20 

2.3 Reformer Inspection Techniques ................................................................................ 22 

2.4 The Methanex Solution ............................................................................................... 25 

2.5 The Opportunity .......................................................................................................... 29 

Chapter 3 Research and Methods................................................................................................ 30 

3.1 Objective ..................................................................................................................... 30 

3.2 Proposed Design ......................................................................................................... 31 

3.3 Methodologies ............................................................................................................. 37 

3.4 Execution Strategy ...................................................................................................... 41 

Chapter 4 System Development and Integration ........................................................................ 43 



v 

 

4.1 Mechanical System Design and Prototyping .............................................................. 43 

4.2 Electronic System Design and Testing ....................................................................... 61 

4.3 Communication and Control System Development .................................................... 82 

4.4 System Integration and Testing................................................................................... 92 

4.5 New MXmole Build .................................................................................................... 97 

Chapter 5. Results and Discussion ............................................................................................ 100 

5.1 Integration ................................................................................................................. 100 

5.2 Usability .................................................................................................................... 101 

5.3 Accuracy ................................................................................................................... 102 

5.4 Execution .................................................................................................................. 102 

Chapter 6. Conclusions ............................................................................................................. 104 

6.1 Meeting the Objective ............................................................................................... 104 

6.2 Research Implications ............................................................................................... 104 

6.3 Execution Strategy .................................................................................................... 104 

6.4 Future Development .................................................................................................. 104 

References ................................................................................................................................. 106 

Appendices ................................................................................................................................ 113 

Appendix 1: Project Execution Plan 

Appendix 2: Minimole Electronics Schematic 

Appendix 3: Minimole Calibration Data 

Appendix 4: Minimole Test Data 

 



vi 

 

Table of figures 

Figure 1: Typical vertical tube reformer set up (Gumilar, 2010) ................................................ 12 

Figure 2: Failed reformer tubes, showing rupture at the lower end where the pigtail exits (Grote 

& Antonsson, 2008) .................................................................................................................... 18 

Figure 3: Pigtails failures, clockwise from top: photo of pigtail bulging due to creep strain – 

original diameter in bottom of photo, bulge in top; microscopic images of cracking due 

embrittlement from a sample of failed pigtail; microscopic image of nitriding evidence from a 

sample of failed pigtail (Methanex, 2012). ................................................................................. 19 

Figure 4: Economole device as a stand-alone inspection instrument.......................................... 25 

Figure 5: Inspection of a reformer tube during plant shutdown. ................................................. 26 

Figure 6: Typical image of ring of reflected laser light seen by the Economole camera ............ 27 

Figure 7: Minimole measurement arm movement concept (Turner & Zin, 2013) ..................... 28 

Figure 8: Step-up Transformer diagram (Stelmark, 2016) .......................................................... 32 

Figure 9: Diagram of a conventional LVDT, showing from left to right: Secondary Coil; 

Primary Coil; Tertiary Coil (Amtek, 2015a) ............................................................................... 33 

Figure 10: Graph of Sensor Range vs Accuracy, including cost (Space Age Control, 2015) .... 33 

Figure 11: OSI Layered Network Model (Rakocevic, n.d.) ........................................................ 35 

Figure 12: PoE implementation - Alternative A (Fiberstore, 2014) ............................................ 36 

Figure 13: Inspection photos, from top to bottom: Economole; parts from top of Economole 

Chassis; Minimole with chassis cover removed. ........................................................................ 37 

Figure 14: Black-box approach for Economole power and data set-up, showing initial 

knowledge on left, and final on right .......................................................................................... 38 

Figure 15: Bench testing integrated Minimole ........................................................................... 40 

Figure 16: Minimole as received ................................................................................................ 44 

Figure 17: Minimole probe ......................................................................................................... 44 

Figure 18: Minimole as received, chassis with cover off............................................................ 44 

Figure 19: Economole with top wheel-set removed ................................................................... 45 

Figure 20: Economole electronics housing concept, to accommodate Minimole electronics .... 46 

Figure 21: Original Economole electronics sledge, side view (left); top view (right) ................ 47 



vii 

 

Figure 22: Probe coupling concepts M1 through to M5, from left to right................................. 48 

Figure 23: Minimole close up, showing measurement arm assembly ........................................ 49 

Figure 24: Section view of Economole chassis 3D CAD model, showing: upper hole and groove 

detail (left), and lower hole detail (right) .................................................................................... 51 

Figure 25: Economole chassis pre and post modification, showing one side with and without 

one of two sensor grooves and holes .......................................................................................... 52 

Figure 26: 3D model of modified Economole chassis with original lower mount, coloured red, 

adjacent (left), and fitted (right) .................................................................................................. 52 

Figure 27: 3D model of modified Economole Chassis with modified Lower Mount, coloured 

red, adjacent (left), and fitted (right) ........................................................................................... 53 

Figure 28: Economole Lower Mount pre modification (top row), and post modification (bottom 

row) ............................................................................................................................................. 53 

Figure 29: Economole bottom cap pre modification (left), and post modification (right) .......... 54 

Figure 30: 3D models of original Economole Laser Mount (left) and new Laser Mount (right) 54 

Figure 31: 3D model of new Laser Mount, red, inside modified Economole Chassis (left), and 

modified Lower Mount, blue (right) ........................................................................................... 55 

Figure 32: Laser Mount as an STL file (left); Finished new Laser Mount ................................. 55 

Figure 33: The newly manufactured Upper Economole Spacer ................................................. 56 

Figure 34: 3D model of coupling concept showing from left to right: spacing arrangement; 

Minimole Coupling; full assembly. ............................................................................................ 57 

Figure 35: Minimole Coupling, from left to right: top view, showing spigot; side view; bottom 

detail showing sensor and cable holes. ....................................................................................... 58 

Figure 36: Mimimole Bottom Case, original (left) and modified (right) .................................... 58 

Figure 37: Original Minimole Bottom Case, alongside modified Bottom Case ......................... 59 

Figure 38: Minimole arm inporvements showing left to right: 3D model; top view, assembled; 

view of threaded arm connection for bearing. ............................................................................ 59 

Figure 39: MXmole sub-assemblies (formerly known individually as Economole and Minimole)

 .................................................................................................................................................... 60 

Figure 40: MXmole inspection device fully assembled .............................................................. 60 

Figure 41: Economole data and power block diagram ................................................................ 61 



viii 

 

Figure 42: Minimole data and power block diagram .................................................................. 62 

Figure 43: Concept E1 ................................................................................................................ 64 

Figure 44: Concept E2 ................................................................................................................ 65 

Figure 45: Concept E3 ................................................................................................................ 66 

Figure 46: Testing sensor power supply output .......................................................................... 67 

Figure 47: View inside the original Economole, showing linear regulator hanging loose above 

Ethernet jack ............................................................................................................................... 68 

Figure 48: Switch mode Economole power supply efficieny curves, showing maximum input 

votlage (left) and minimum input voltage (right) (Recom Power, 2015) ................................... 69 

Figure 49: Active low-pass filter lay out and characteristics (Measurement Computing, n.d.) .. 70 

Figure 50: Low-pass filter layout (REF) ..................................................................................... 72 

Figure 51: Teensy 2.0, actual size (PJRC, n.d.) .......................................................................... 74 

Figure 52: Transmission of ASCII character 'J' with UART and RS-232 (Best-Microcontroller-

Projects, 2016) ............................................................................................................................ 74 

Figure 53: Economole camera serial function test ...................................................................... 75 

Figure 54: Altium schematic of Mole Distribution Board .......................................................... 76 

Figure 55: Mole Distribution Board PCB ................................................................................... 77 

Figure 56: Minimole PCB, Altium design (left), finished fabrication (right) ............................. 78 

Figure 57: 3D modelled Economole Electronics Sledges, old (left), and new (right) ................ 78 

Figure 58: Original Economole Electronics Sledge (left), next to new version (right) .............. 79 

Figure 59: Initial Minimole Electronics Sledge assembly sequence, from left to right .............. 79 

Figure 60: 3D printed final Minimole Electronics Sledge  parts ................................................ 80 

Figure 61: Minimole Electronics Module pre-assembly ............................................................. 81 

Figure 62: Assembled Minimole Electronics Module (left and centre), and module in testing 

(right) .......................................................................................................................................... 81 

Figure 63: Software concept flow chart ...................................................................................... 83 

Figure 64: Firmware concept flow chart ..................................................................................... 84 

Figure 65: Final software and firmware concept flow chart ....................................................... 85 



ix 

 

Figure 66: Flow chart showing the conversion of physical displacement to the digital signal 

used in the microcontroller ......................................................................................................... 86 

Figure 67: Main Minimole sequence flow chart ......................................................................... 88 

Figure 68: Screen shot of SampleViewer running as the Minimole HMI .................................. 89 

Figure 69: Section view of Minimole measurement arms showing measurement dimensions 

with arm in (left, and arm out (right) .......................................................................................... 89 

Figure 70: Minimole Calibration Block as manufactured (top), and in use (bottom)\ ................ 90 

Figure 71: Representation of unmeasured part of pigtail due to chord caused by bearing surface

 .................................................................................................................................................... 91 

Figure 72: Test piece of reduced length reformer tube ............................................................... 92 

Figure 73: Workshop test rig (left); full workshop test set up (right) ......................................... 93 

Figure 74: Risk assessment matrix (AS/NZS 4360:2004) .......................................................... 94 

Figure 75: First integrated field test of Economole and Minimole ............................................. 95 

Figure 76: MXmole top wheel-set before and after assembly .................................................... 98 

Figure 77: MXmole packed into shipping case .......................................................................... 99 

 

 


