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• What is a CT string failure and examples

• Why doing CT string failure analyses

• CT string failure analysis process

• CT failure statistics

• Main ideas

Outline
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CT String Failures

• Knowledge and control of 

fatigue performance

• Improvements in materials 

and manufacturing 

processes

Within the company:

• CT failures are analyzed 

and causes established

• CT failures statistical data



2018 ICoTA Canada Technical Session – Coiled Tubing String Failures – Past and Present – Tomas Padron 4

• CT failure: 

– Loss of pressure integrity of 
the tubing during service and 
before the predicted fatigue 
life has been exceeded.

– Any condition that renders 
the string not safe to be used. 

What is a CT Failure?
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What is a CT Failure? – Examples

POOH – PLT run

2-3/8” OD – CT90

RIH – Milling

2-3/8” OD – CT100

Pulling to free string 

Cleanout

2” OD – CT90

Pinhole Partial Fracture Total Fracture
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What is a CT Failure? – Other examples

Pressure testing

1-3/4” OD – CT90

POOH Logging job

1-3/4” OD – CT90

RIH Cleanout

2-3/8” OD – CT100

New string - Inspection

2-3/8” OD – CT80

Burst Extensive Damage Collapse ???
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• Make decisions / take corrective actions based on 
data and not guesses or “gut feelings”

Why doing CT strings failure analyses?
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Why doing CT strings failure analyses? – Example

“Solutions” initially proposed 
without any failure analysis:
• “Bad quality” pipe – change 

manufacturer
• Change the string Grade to YYY
• Limit the fatigue life used to XX%
• Others

All six failures were 
associated to MIC 
(fluid contaminated 
with bacteria)

Real solutions:

• Treatment of surface equipment

• Treatment of circulating fluids

• Between-wells stagnant fluids treatment
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CT string failure analysis process

CT failure analysis:

Logical process of examination to establish the failure cause(s) based on 

evidence collected and the use of engineering principles.
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CT string failure analysis process

Failure Report

THIS WOULD BE 

ME!!!!!

Failure analyses are not done with a black box
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CT string failure analysis process

We don’t use crystal 
balls either !!!!
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• Most common CT failure analyses include the following stages:

– Sample(s) collection/preservation

– Collection of data regarding failure/CT string

– Visual/stereoscopic examination

– Dimensional inspection

– Metallographic analysis

– Results analysis and report preparation

CT string failure analysis process

Failure Report



2018 ICoTA Canada Technical Session – Coiled Tubing String Failures – Past and Present – Tomas Padron 13

• Some additional analyses that are required for some 
particular cases:

– Energy-Dispersive Spectroscopy (EDS)

– Scanning Electron Microscope (SEM) Fractography

– Tension tests

– Others: Charpy test, corrosion tests, etc.

CT string failure analysis process
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CT string failure analysis process – Sample(s) collection / preservation
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CT string failure analysis process – Data collection (Failure/String) 

Data about the failure: date, failure type, job, operation, well and customer, 

tubing depth, any additional information
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CT string failure analysis process – Data collection (Failure/String) 

Manufacturer’s Mill Certificate

Hint: Milling date gives a 

good idea on how old was 

the string
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CT string failure analysis process – Data collection (Failure/String) 

String records:

• First job date / Most common job

• Average fatigue used / Fatigue used at failure 

location

• Long term storage periods and corrosion 

protection activities

Pinhole
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CT string failure analysis process – Data collection (Failure/String) 

Job parameters and 

operational limits 

(mainly for 

overload/buckling 

failures)
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• One of the most important stages – In many cases gives good evidence on 
the cause of the failure – What to look for during this stage?:

CT string failure analysis process – Visual/Stereoscopic Examination

Mechanical damage

Longitudinal plow mark

External dent

Pipe crushing Transverse notch
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Visual/Stereoscopic Examination – What to look for?

External Corrosion Internal Corrosion

Acid job – 2” – CT80

Pressure testing

1-3/4” – CT1300

Acid job – 1-1/2” – CT80 N2 jetting – 1-1/2” – CT80
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Visual/Stereoscopic Examination – What to look for?

Fishing – 2” – CT90

Necking and 45° fracture propagation
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Visual/Stereoscopic Examination – What to look for?

Small longitudinal splits

1 mm

Confirm the presence of a bias weld

1 mm

Pressure 

Testing

2-3/8” –

CT100

Optiport

2” – CT90

Milling – 2” – CT90

Milling – 2” – CT90
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Visual/Stereoscopic Examination – What to look for?

Fracture origin

Frac – 2-7/8” – CT70
Milling – 1-1/2” – CT90
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Visual/Stereoscopic Examination – What to look for?

Fracture origin

Fishing – 1-3/4” – CT90
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Verify the pipe condition regarding OD, ovality, wall thickness.

CT string failure analysis process – Dimensional inspection

Acid corrosion

Acid job – 1-1/2” – CT80

External abrasion

Cleanout – 1-3/4” – CT90
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• With the information gathered from 
the previous stages normally there is 
a good idea of what caused the 
failure.

• Check pipe microstructure is OK:

CT string failure analysis process – Metallographic analysis
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• Mechanical damage: confirm plastic deformation at damage:

CT string failure analysis process – Metallographic analysis

Longitudinal plow mark
Pipe crushing
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• Corrosion: corrosion depth / metallurgy at corrosion:

CT string failure analysis process – Metallographic analysis

Internal pit

Internal pitting at bias weld
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CT string failure analysis process – Metallographic analysis

• MIC: pitting shape: normally “cavernous”, deep, and very aggressive:

1 mm
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• Manufacturing flaw:

CT string failure analysis process – Metallographic analysis

“Cold weld”
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CT string failure analysis process – Metallographic analysis

• Environmental cracking:

H2S cracking Caustic cracking
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• EDS: corrosion products / foreign particles

CT string failure analysis process – EDS

50 µm

EDS within a crack – (S)
EDS within external 

pit – (Fe, O)
EDS on particle – Higher Cr than base 

metal
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CT string failure analysis process – SEM Fractography

• SEM fractography: confirming fracture propagation mode: brittle 
(cleavage/intergranular) or ductile (dimples).

Cracks on dimple on connection –

Elongated dimples (shear) on cracks

Cleavage on 

secondary crack 

(after opening) –

MIC failure

1 mm

1 mm

1 mm
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CT string failure analysis process – Tension test
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CT string failure analysis process – Tension test
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Corrosion-operations: corrosion damage 

caused by the action of fluids pumped or the 

well environment during operations

Storage-corrosion: corrosion damage 

caused by the accumulation of corrosive 

fluids (within or outside the string) while it 

remains in storage for long periods.

CT Failures Statistics – Terminology

Internal storage-corrosion example

Acid internal-corrosion example
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Manufacturing flaw: premature failure 

associated with issues originated during 

the manufacturing process

Mechanical damage: premature fatigue 

failure that starts at external damage 

caused by mechanical means.

Longitudinal plow mark External dent

“Cold weld” example

CT Failures Statistics – Terminology
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MIC (Microbiological influenced corrosion): 

corrosion failure due to the presence of 

certain specific type of bacteria within the 

fluid in contact with the pipe.

Human error: failure associated with errors 

during the string operation.

Buckling Overload

Internal MIC

CT Failures Statistics – Terminology
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• CT Failures trend is similar for the CT industry

• Main causes: Corrosion / Mechanical damage / Manufacturing flaw / Human error

• These causes represent around 80% to 90% of CT failures

CT Failures Statistics – Period 1994-2005

(1) All Others includes: fatigue, erosion, H2S failure, field welding, ext. abrasion, unknown
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(1) All Others includes: fatigue, erosion, H2S failure, field welding, ext. abrasion, unknown

CT Failures Statistics – Period 2006-2017 vs. Previous Periods

4 main CT failures causes have 

remained the same:

• Corrosion (≈ 30%)

• Mechanical damage (≈ 30%)

• Manufacturing flaw

• Human error
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Main Failures Causes Review: Corrosion (≈30%)
Corrosion-Operations

Storage-Corrosion

Mainly Storage

Operations MIC
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• Mitigation measures -
Storage-corrosion:
– Eliminating residual fluids

– Application of corrosion 
inhibitors 
(internally/externally)

– Records kept within the string 
management system

Main Failures Causes Review: Corrosion (≈30%)
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• Normally caused by the 
action of the surface 
equipment.

• Can be very diverse.

• Stress/strain concentration 
point

Main Failures Causes Review: Mechanical Damage (≈30%)
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Main Failures Causes Review: Mechanical Damage (≈30%)

Most frequent types of 

mechanical damage 

(2006-2017):
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Main Failures Causes Review: Longitudinal Plowing Marks (LPM)
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Main Failures Causes Review: Longitudinal Plowing Marks (LPM)

Gripping Surfaces

New Gripper Block Worn Gripper Block

Developing sharp edges

Frequently associated 

with worn gripper 

blocks
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Some mitigation actions for LPM:

– Replacing “smooth” gripper blocks based 
on OEM recommendations

– Coating gripper blocks with tungsten 
carbide

– Inspect gripper blocks prior mobilization 
for the presence of debris in the grooved 
gripper blocks

Main Failures Causes Review: Longitudinal Plowing Marks (LPM)
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Main Failures Causes Review: Manufacturing Flaw
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• CT Failures occur and in many cases it is worthy to perform failure 
analyses to establish the cause(s) based on data/evidence

Main Ideas
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CT failure analysis:

Logical process of examination to establish the failure cause(s) based on 

evidence collected and the use of engineering principles.

Main Ideas
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• Data allow inferring that the main CT Failures causes 
are similar for the CT industry.

• No significant change was observed on the CT 
failures causes for the periods 1994-2005 and 2006-
2017:

– Corrosion

– Mechanical damage

– Manufacturing flaw

– Human error

• These causes represented around 80% - 90% of the 
CT failures

Main Ideas
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Thank you

Questions?

Corrosion

Mech. Damage


