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ü  Widely recognized as the world’s leading coke drum inspection company with 

1300+ site inspections realized for industry’s leading refiners. 

ü  Forefront of innovation in non-destructive examination (NDE) techniques for 
the delayed coking industry and proud to play a continued lead role in 
improving operator safety, asset life and unit output. 

ü  First invented the technique and continues 100% dedicated and focused to 
the inspection of delayed coke drums with a 25+ year history and more than 
150 years of collective expertise. 

ü  Specific to India, 15+ years experience with over 160 inspections completed 
making India one of CIA’s most important markets, and CIA India’s leading 
DCU inspection company. 

 

ü  Driven by continuous improvement and value add services, CIA has evolved 
into a full service partner in coke drum inspection and reliability services. 

ü  The following slides demonstrate CIA’s comprehensive coke drum inspection 
package that form part of the standard offering: 
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FULL SERVICE PARTNER IN DRUM RELIABILITY 

CIA Inspection - Your Full Service Partner in
Coke Drum Reliability
Since 1991, CIA Inspection (CIAI) has been at the forefront of innovation in non-destructive 
examination (NDE) techniques for the delayed coke drum industry. Having pioneered the laser scan 
and remote visual inspection technology to profile the interior surface of delayed coke drums, CIAI 
continues to set the standards which are adopted by the industry worldwide.

Applying the latest in advanced technology with 20+ years of coke drum evaluation expertise, CIAI 
provides refinery operators with accurate realtime characteristics of the internal condition of delayed 
coke drums. By regularly tracking and trending vessel profiles, reliability and maintenance 
professionals are able to monitor the on-going condition of the coke drum and make more informed 
decisions on proactive maintenance programs, including drum repair or replacement.

Utilizing CIAI’s range of inspection services, in a combined approach, is the first step towards 
establishing a coke drum reliability program, which ultimately will improve coke drum performance, 
operator safety, and refinery unit productivity.

Laser Profile Inspection is a remotely 
deployed, laser-based, range-imaging 
inspection tool designed to profile the 
internal surface of the coke drum in order 
to locate and measure vessel distortions 
in a consistent and accurate manner.

Remote Visual Inspection utilizes a state 
of the art, high resolution video camera 
with zoom capabilities to visually inspect 
100% of the internal surface condition of 
the coke drum, including the dome, cone 
and nozzles. 

Robotic Crack Detection System is a 
telescopically deployed robotic crawler 
equipped with an NDE sensor (ACFM) 
used to quickly and precisely confirm the 
presence of ID forming cracks by 
accurately sizing the length and depth of 
the indication.
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CIA Inspection - Global Reach, Localized Service
With a growing presence worldwide and strong network of international 
partners, CIAI has performed more than 1000 site inspections for 100+ of the 
world's leading refineries spanning 20+ countries. In response to growing 
demand for its value add inspection service overseas and in strategic markets, 
CIAI has increased the number of inspection units in operation providing 
clients a more localized, flexible and cost effective service.

By delivering a safe, accurate, and 
comprehensive inspection service with 
superior value and benefits, CIAI is 
widely recognized as the premier coke 
drum inspection company in the world.

SERVICES AND SOLUTIONS

Laser Profile – a remotely deployed, 
laser-based range imaging tool designed 
to profile the internal surface of “online” 
coke drums in order to locate and 
measure vessel distortions in an 
accurate and consistent manner. 
 
Remote Visual – best in class, state of 
the art, high-definition (HD) digital video 
camera with zoom capabilities to visually 
inspect the internal surface condition, 
including the dome, cone and nozzles.  
 
R o b o t i c C r a c k D e t e c t i o n – a 
telescopically deployed robotic crawler 
equipped with an NDE sensor (ACFM) 
used to characterize and size surface 
breaking cracks. 



LASER PROFILING - TRACKING & TRENDING 

CIAI understands the operational issues affecting delayed coke drums and the factors that contribute to drum 
deterioration. Operating under severe conditions of cyclic heating and forced cooling, coke drums distort and 
“bulge” in service. It has long been recognized that the ultimate failure mechanism for coke drums is weld 
cracking initiated, in or at close proximity to, the circumferential welds, and it is these "bulges" that are often 
associated with drum failure.

Utilizing state of the art measurement tools and customized software, CIAI's team of inspection specialists are 
trained to focus on these specific areas of concern and to identify trends and patterns occurring within the coke 
drum. By offering a wide range of services and solutions, as outlined below, CIAI provides refinery clients with the 
necessary tools and information needed to better understand and manage overall coke drum reliability.

Solutions for Improved Coke Drum Reliability

TRACK & TRENDING VESSEL DISTORTION

Section and polar plot views of selected areas are plotted from the same bulge map to allow the refinery 
to better monitor the drum profile and understand where, and by how much, the drums are changing. The 
most recent scan result from 2011 (shown in red) is easily compared to the previous scan result from 2009 
(shown in green) and the base radius (shown in blue).

VISUAL INSPECTION INDICATIONS 

CRACK IN TOE OF WELD

STRESS CRACKING OF CLADDING

CRACK IN WELD OVERLAY

To further verify internal drum conditions 
and accurately locate surface irregularities, 
the elevation and azimuth are permanently 
recorded in a 1:1 correlation between the 
laser scan and remote visual inspection 
findings.
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CIAI's trademark imaging software, "DrumView”, processes millions of data points to create an accurate 
flat surface representation or "bulge map" of the coke drum. The colours represent year over year 
variances in drum radius with green depicting the base radius, the warmer colours (yellow to red) 
identifying outward distortions, and the cooler colours (blue to purple) showing inward distortions. Weld 
seam overlays are added for location accuracy.

0º

45º

90º

135º

180º

225º

270º

315º

-4

-2

162.00

+2

DRUM IMAGE OR BULGE MAPS

VERTICAL SECTION COMPARISON
POLAR PLOT COMPARISON

ACROSS 4th CIRC WELD

El
ev

at
io

n 
(in

ch
es

)

Radius (inches)

370
372
374
376
378
380
382
384
386
388
390
392
394
396
398
400
402
404
406
408
410
412
414
416
418
420
422
424
426
428

370
372
374
376
378
380
382
384
386
388
390
392
394
396
398
400
402
404
406
408
410
412
414
416
418
420
422
424
426
428

370
372
374
376
378
380
382
384
386
388
390
392
394
396
398
400
402
404
406
408
410
412
414
416
418
420
422
424
426
428

Az = 39.2  -0.32 ==> +1.65 Az = 44.5  -0.10 ==> +1.89 Az = 50.8  +0.11 ==> +2.00

162.00 162.00 162.00

2013 Sample  2015 Sample  



CIAI understands the operational issues affecting delayed coke drums and the factors that contribute to drum 
deterioration. Operating under severe conditions of cyclic heating and forced cooling, coke drums distort and 
“bulge” in service. It has long been recognized that the ultimate failure mechanism for coke drums is weld 
cracking initiated, in or at close proximity to, the circumferential welds, and it is these "bulges" that are often 
associated with drum failure.

Utilizing state of the art measurement tools and customized software, CIAI's team of inspection specialists are 
trained to focus on these specific areas of concern and to identify trends and patterns occurring within the coke 
drum. By offering a wide range of services and solutions, as outlined below, CIAI provides refinery clients with the 
necessary tools and information needed to better understand and manage overall coke drum reliability.

Solutions for Improved Coke Drum Reliability

TRACK & TRENDING VESSEL DISTORTION

Section and polar plot views of selected areas are plotted from the same bulge map to allow the refinery 
to better monitor the drum profile and understand where, and by how much, the drums are changing. The 
most recent scan result from 2011 (shown in red) is easily compared to the previous scan result from 2009 
(shown in green) and the base radius (shown in blue).

VISUAL INSPECTION INDICATIONS 

CRACK IN TOE OF WELD

STRESS CRACKING OF CLADDING

CRACK IN WELD OVERLAY

To further verify internal drum conditions 
and accurately locate surface irregularities, 
the elevation and azimuth are permanently 
recorded in a 1:1 correlation between the 
laser scan and remote visual inspection 
findings.
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CIAI's trademark imaging software, "DrumView”, processes millions of data points to create an accurate 
flat surface representation or "bulge map" of the coke drum. The colours represent year over year 
variances in drum radius with green depicting the base radius, the warmer colours (yellow to red) 
identifying outward distortions, and the cooler colours (blue to purple) showing inward distortions. Weld 
seam overlays are added for location accuracy.
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“DRUMVIEW” 

	  
CIA	  presenter	  to	  run	  live	  demonstra3on	  
of	  “DrumView”,	  CIA’s	  trademark	  drum	  

imaging	  so>ware	  program	  



LASER PROFILING - INDUSTRY COMPARISON 

INSPECTION INC.

CIAI has the unique ability to position a specific drum’s distortion history in comparison 
with the general population. This "Bulge Comparison Chart" clearly shows refinery 
clients how their drums relate to other drums in the industry. Using the results of CIAI 
services, the above site repaired problematic areas of their coke drums and positively 
altered the projected degradation curve (from pink to green).

INDUSTRY COMPARISON CORRELATION TECHNIQUES

The section view and bulge map indicate a sharp distortion at the 
circumferential weld and the visual inspection confirms the presence of 
crack-type indications in this area. The ability to correlate the results 
from CIAI's range of inspection techniques allows the refiner to 
immediately focus on high-risk, failure prone areas.

ROBOTIC CRACK DETECTION

After a crack-type indication has been identified, this follow-up service 
measures the length and depth of the surface-breaking indication. The 
robotic crawler (shown left) was mounted on a custom built coke drum 
wall segment with simulated crack-type indications for use in CIAI's 
validation trial and training for its certified technicians. Typical data 
outputs (shown above) which include Bx (crack depth), Bz (crack 
length), and Contour View (for accurate flaw location) measurements 
are stored as permanent digital records for future reference and 
comparison.

Drum Age in Years 

1 1/4 Chrome Bulge Comparison and Trending
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Solutions for Improved Coke Drum Reliability

* Similar charts are available and or under development to track various features including 
drum design (i.e. vertical plate), unheading devices, bulge sharpness, weld overlay repairs, 

cycle time, etc. 



LASER PROFILING – CONE MAPPING 

  

  

	  	  

	  	  



LASER PROFILING – DRUM BOW ESTIMATIONS 



LASER PROFILING – HIGH DENSITY SCANNING 
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HI-DEFINITION (HD) DIGITAL VISUAL INSPECTION 

Corrosion Pitting 

Typical T-Junction Weld 
(standard HD inspection) 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Typical T-Junction Weld 
(focused HD inspection) 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Stress Cracking of the Cladding 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Cladding Delamination 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 



HI-DEFINITION (HD) DIGITAL VISUAL INSPECTION 

Typical Weld – Clad Transition 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Corrosion Pitting 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Corrosion Pitting 
(focused HD inspection) 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 

Metal Weld Overlay 

XYZ Refinery, Drum X_Circ X_elevation xxx, azimuth xxxº 



HD VIDEO INTEGRATED INTO “DRUMVIEW” 

	  
CIA	  presenter	  to	  run	  live	  demonstra3on	  
Integra3on	  of	  Hi-‐Defini3on	  Digital	  to	  

Laser	  Mapping	  findings	  



CORRELATION TECHNIQUES 

August 2015 CIA Inspection Inc. – Coke Drum Inspection Report CIA-VRTX1508 

[6] 
 

Circ 4 

Azimuth 
(degree) 

Elev. 
(in) 

Depth 
(in) 

Bulge 
Growth 

(in) 

Height 
(in) Description 

160º 480 1.00 0.16 30 
The below section views show minor year 
over year growths across the 4th circ weld 
region. These specific regions were 
selected because of the relatively high 
bulge severity or sharpness ratings 
calculated prior to the inspection. Review of 
the visual images from this area does not 
show evidence of linear indications or 
surface irregularities.  

140º 478 0.94 0.12 30 

50º 478 0.97 0.10 40 
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THE INNOVATIVE BREAKTHROUGH 

INTERNAL ROBOTIC 
CRACK DETECTION  

An independant research project into Robotic Crack 
Detection, undertaken by CIA Inspection. 

     US Patent No. 7,940,298     
B2 Issued May 10, 2011 



Rotary Drive

Video Camera

Tilt Drive

Light Weight Boom

Robotic Crawler equipped with an NDE Sensor

ROBOTIC CRACK DETECTION USING ACFM 

Laser System 
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delta) was 0.059 inches  (1.5 
mm). This showed a high level 
of repeatability for multiple 
passes of the instrument and 
provides confidence in those 
findings where only one pass 
was made.

Internal Consistency

 Of the 11 scans where 
multiple technicians 
analyzed the data, the 
average difference in length 
measurements was on the 
order of 0.036 inches (0.914 
mm) and the maximum was 
0.084 inches (2.13 mm). 
This finding demonstrates 
that the technology provides 
stable readings when used 
by trained operators. A key 
advantage of the technology 
is that ACFM scans are 
stored as data pages and are 
available for review and further interpretation after the scans 
are completed.

External Consistency

 Of 7 areas with comparable results between ACFM 
findings and the grind-out results provided by the site, the 
average depth measurement difference was 0.063 inches 
(1.6 mm). The closeness of the results using two different 
techniques provided a high degree of confidence that ACFM 
findings in coke drums are accurate and well within the limits 
of other NDE techniques. 

Reliability 

 Using NDE, inspectors need be assured that no flaw over 
a certain size can be missed. For coke drums our targeted 
minimum detectable size is cracks larger than 0.75 inches 
(19.0 mm) long by 0.10 inches (2.54 mm) deep. During 
the field trial, other than very short length (< 0.4 inch (10.2 

CIA ACFM Assembly in a coke drum

mm)) flaws, no defects were missed. Some shallow defects 
were reported where no LDP was present. One defect was 
reported as 0.340 inches (8.64 mm) deep instead of 0.110 
inches (2.79 mm) due to its proximity to a repair.

Summary

 There are challenges given the nature of real world cracks 
in coke drums. ACFM only works on surface-breaking flaws. 
Cracks tend to close up and so may present as a series of 
shorter cracks, especially when the drum is cold. Welds and 
surfaces can be rough or otherwise distorted.  Even with 
these complications, we are confident that identification and 
sizing of the important, larger anomalies is straightforward 
and will not be missed.

 In conclusion, remote ACFM crack detection works in the 
coke drum environment and is a useful tool that minimizes 
downtime while providing accurate results.

RICK CLARK, P. ENG
President CIA INSPECTION INC., CIA INSPECTION (US) INC., CUSTOM INDUSTRIAL AUTOMATION INC.

Education/Qualifications
B. Eng.. – Mechanical, 1978;    Member PEO, ASME, CSME

Areas of Expertise

Contribution

    mining, and construction

US Patents
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APPLYING ACFM TO A COKE DRUM 



APPLYING ACFM TO A COKE DRUM 

INSPECTION INC.

CIAI has the unique ability to position a specific drum’s distortion history in comparison 
with the general population. This "Bulge Comparison Chart" clearly shows refinery 
clients how their drums relate to other drums in the industry. Using the results of CIAI 
services, the above site repaired problematic areas of their coke drums and positively 
altered the projected degradation curve (from pink to green).

INDUSTRY COMPARISON CORRELATION TECHNIQUES

The section view and bulge map indicate a sharp distortion at the 
circumferential weld and the visual inspection confirms the presence of 
crack-type indications in this area. The ability to correlate the results 
from CIAI's range of inspection techniques allows the refiner to 
immediately focus on high-risk, failure prone areas.

ROBOTIC CRACK DETECTION

After a crack-type indication has been identified, this follow-up service 
measures the length and depth of the surface-breaking indication. The 
robotic crawler (shown left) was mounted on a custom built coke drum 
wall segment with simulated crack-type indications for use in CIAI's 
validation trial and training for its certified technicians. Typical data 
outputs (shown above) which include Bx (crack depth), Bz (crack 
length), and Contour View (for accurate flaw location) measurements 
are stored as permanent digital records for future reference and 
comparison.
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Solutions for Improved Coke Drum Reliability

Key Factors: 
 

ü  Remotely deployed service used to 
quickly verify the nature of surface 
breaking cracks 

ü  Designed for online use, no need 
for scaffolding, removal of insulation 
or surface preparation 

ü  Optimized for detecting indications 
extending beyond the clad 

ü  Ideally suited for mid-life drums, 
works over coke cover, possible 
transition zones of metal overlay 

ü  Used in combination with CIA’s 
laser/video inspection service to 
pre-identify high-risk regions 

ü  Results typically provided within two 
weeks of inspection date 

 
 



TYPICAL FINDINGS OF AN ACFM INSPECTION 

2015 Sample  



Laser Profiling: 
Tracking & Trending 

Cone Mapping 

Thermal Bowing or “Banana Effect” 

E n h a n c e d B u l g e A n a l y s i s 
Calculation 

Real-time analysis and processing 

Data Mining & Predictive Tools 
 

Hi-Definition Digital Visual 
Optimized examination of most 
problematic and high-risk regions 

 

Robotic Crack Detection: 
I D c r a c k c o n f i r m a t i o n a n d 
measurement (length and depth) 

  

 

COKE DRUM MANAGEMENT  
THROUGH KNOWLEDGE 

Other Services: 
Pre-Turnaround Vessel Assessment 

External Structure Scanning  

Baseline Examinations of New to 
Service Vessels 
High-density scanning 

Operational Assessment 
 

Important Partner in any long-
term reliability program: 
Engineering Analysis 

Fitness for Service, Remaining Life 

Health Monitoring Systems 

Strain Gauge Instrumentation 

Weld Repair Strategies 

  

 



CASE STUDIES 

	  
CIA	  presenter	  to	  discuss	  various	  case	  studies	  in	  

which	  CIA’s	  service	  and	  approach	  has	  
benefited	  major	  Indian	  /	  global	  refiners	  



ü  Technically superior service, best in class remote visual inspection, highest 
quality data, analysis & reporting available, and post-inspection support. 

 

ü  The first step in the process towards a coke drum reliability program for 
improved performance, operator safety, asset life. 

 

ü  Continues to innovate and introduce value add services & solutions to 
provide refinery operators the information they need. 

ü  Strong commitment to continuous improvement to provide the most 
comprehensive and cost effective service possible. 

ü  Partnerships with other world leading service providers to the Delayed 
Coking Industry to deliver additional value and benefit. 

ü  The goal is to be Proactive on issues affecting drum integrity rather than 
being Reactive to the resulting problems that are inevitable. 

ü  As the industry strives to better understand drum condition and repair 
strategies, CIA is extremely well positioned to assist each step of the way. 

 

 

IN REVIEW - YOUR FULL SERVICE PARTNER 



THANK YOU! 
 
 

Les Harold 
Managing Director 

T: +1 (647) 972-9354 
E: lharold@cia-inspection.com 

 
 
 

 


