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Two forms of mechanical Damage
Third party damage
Third party damage _L;,!

Construction damage

Construction damage _L;,|
g (> owy;bIn Line Inspection
S5 Az
25 5 Lo il s 0,lods daped
I e 2558 8 ke 53 o)l aed

4.0[))‘5 A o)l.o.«.':) douowo -

www.iran—mavad.com

Slgo wigo ole @2 40



S o

g 58 e il SV &5 5 Joo slodyy et 3 00 shel 3 (S plgie 4 dlg) s
e @be ae ads (28,5 )i )0 iores g dlg) bglas £9090 Cuenl 4y 4z LBl (0
OIS - Seen 9> B aS Sl (55958 3,00 S92 g Alg) Lo Sy 3 g0 jee B oy g Sl Sl
Jlael BLS 2 clal 30 "L g sy e 45 ollos § g "Vl lo ) £55 ol S 00
s i S ey S W05 Jol> pliabl dlg) L coadl 5 oS 5l aS 00,8
LS slesS ot il a3 530 eatlaianl s ey ) ol 4 gooma & 45 ol o3
Sy PBlos an oy 5 pllo Ay bshas lo pian o a0 o Sz @2 0l pluissd ool
33003,5 (oo 4l (Sl Sloso b plid] (ogas )3 4ds &j50 4 ol dlis sy k>
s Blaas 5,90 90 ipe dodo Ayl bglas 4y a5 lalse 3l golaws 4y o Ll pas ol Allde oyl
Sz ook 5o 0ed e 00ls b Ll e 5 ) (Slabsy (izen 5 5yl sl 039y 50
58 e oS 8 b Slaseie slo dpogs s 0S5 s ailial dlex 5| derads aiz i SleSL
ol PBlas a9 La 059, 5o ,S3l 558 OIS cule, L a5 el apol 00,5 o «l,l 4ol o3lg
St 53 Sl a1 g ol ol 5 o 6l ) gl (318 et (K lSe e

ool anls sl slo Jus sl (o slo lo o 0! )

Sollae daxeo

AV olo

www.iran—mavad.com

Slgo wigo ole @2 40



Ll byl 30 sige Jolge g dlgl bohs 10 (Suilke wloo £ 9590

1do 0o

T ao oledlie g o )las L aS wigd oo dlg) a4y &)l g (40 dedo el (gounin Jalge

] 00U M)l?).a) Jﬁ‘b

Threats to Definitions & (Examples)
The pipeline
Third party Damage to a pipeline by an outside party other than those
damage performing work for the operator.
(road maintenance,horizontal drilling,excavations)
Damage or deformation of pipe or pipe components during
construction construction.
(wrinkle bends,broken pipe,couplings,welds,fabrication)
Equipment Pipeline facilities other than pipe and pipe component.
(gasket/o-ring,valve seals,meters/regulators,compressors)
Manufacture pipe and pipe components.
(mill process,seam,age,joint,specification)
Environment Threats related to normal operation of the pipeline.
(stress craking,temp.,pres.,compression,black powder)
Weather related Damage caused by precipitation,temperature,or lighthing.

(flooding,freeze,lightning, hail,tornado/hurricane)

Corrosion related

Damage resulting from chemical,galvanic ,or
microbiological influenced corrosion.
(pitting,rust,microbial,metal loss,cathodic)

Incorrect operation

Failure to follow procedures.
(temperature,pressure,repairs,product content)

Outside forces

Damage caused by natural force.
(slumping,earthquake,erosion)
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£.2% Equipment Malfunction
4.1% Defective Weld
3.6% Defectlve Pipe

6.5% Dperator
Errar

23.5% Corrosion

10.4% Other

32.7% Exiernal Force 10.2% External Force
Encroachment Weather

CAUSES OF FAILURES - GAS PIPELINES
(1085-1004)

8.2% Equipmant Malfunction
B.8% Defective Weld
3.6% Defective Pipe

‘_‘ ~7.3% Operator Error

42.5% Comosion-

275 % External Force 26.1% Orthar

CAUSES OF FAILURES - LIQUID PIPELINES

[1554-1956)
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Distribution Incidents (1999-2004)

250 0 Weld/Buit

[ Vehicle

0 Vandalism

B Unknown

B Third Party Excavation

B Temperature

B Rupture of Prev Damaged Pipe
B Operator Excavation

0 Mscellaneous

B Material/Joint

O Material/Component

B Material/Body of Pipe

O Malfunction of Control/Relief Equip
B Lightning

W Incorrect Operation/Construction
B High Winds

O Heavy Rains/Floods

E O Fire/Explosion as Primary Cause

Igin Meter Set No data Other Service Line | @ External Corrosion
Assembly

300

250

200

150

100

50

@ Earth Movement

‘Threat Identification

Time Dependent

* External Corrosion * Internal Corrosion * Stress Corrosion Cracking
Stable
*Manufacturing Related Defects *\Welding/Fabrication Related
— Defective pipe seam — Defective pipe girth weld
— Defective pipe — Defective fabrication weld
*Equipment — Wrinkle bend or buckle
— Gasket O-ring failure — Stripped threads.broken pipe/coupling

— Control/relief equipment malfunction
— Seal/pump packing failure
— Miscellaneous

Time-Independent

*Third Party/Mechanical Damage *Incorrect Operations
— Damage inflected by first, second or third parties — Incorrect operational procedure
(instantaneous.immediate failure) S Eather RElatid andiOite e Earee
— Previously damaged pipe (delayed failure mode) — Cold weather — Lightning
— Vandalism — Heavy rains/floods — Earth movements
?
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Pipe line production + protection=profit
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Repair by Grinding Limitations

+ Gouge depth limitations

— Up to 40% of the wall thickness (use
equation below that is from CSA Z662 for
length limitation) — also in current edition of
ASME B31.8
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11 alt - 011
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Response
Measures Detects Detects | Potential for | Adversely
Defect Detects Re- | Gouges Stresses | Determining | Affected
Profile on Rounded Without from Defect by Defect
Method Principle Implementation Requirements Pipe ID Defects Dent Defect Severity Geometry
Geometry | Measures defect Array of - fingers._.or non Yes No No No No Measures
Pig profile using contacting sensors such as geomstry
contact s fingers., | acoustic or eddy current
or nen-contacting
sensors
Magnetic Measures Separate large magnetizers Yes Uncertain Yes Yes, but Yes Yes
Fhm disturbance of supplying high and low magnetic small
Leakage applied constant fields and array of Hall-effect effect and
magnetic field sensors. High and low field data nmist
caused by defect | subtracted to reduce defect separate
and stress geometry effect. from
Magnetizers and sensors in both geometry
axial and circumferential signal
directions needed to detect
defects in all orientations
Nonlinear | Stresses change Array of small probes, each No Yes Yes Yes Yes Minor
Harmonics | amplitude of odd- | containing magnetic circuit and effact
nmumbered Sensor.
harmome Requures only one probe
frequencies of arientation, but both axial and
applied alternating | circumferential probes can be
magnetic field used for more detailed stress
information
V4




Method

Principle

Comments

AVALABLE TECHNOLOGIES

Caliper Measures pipeline ovality and dents | Widely available. Simplest of
using mechanical fingers or non- useful pigs
contact acoustic or eddy current
methods

Inertial Uses accelerometers to locate and

Mapping map the pipeline in 3 dimensions

relative to survey marks

Magnetic Flux

Uses massive magnetizers to

Most common corrosion

Leakage magnetize the pipe and Hall effect inspection method. Inexpensive,
sensor to measure flux leakage at simple and vendors have lots of
defects. experience with it.

Good accuracy but not enough
fo avoid investigative digs.

Ultrasonic Uses ultrasonic transducers to Very accurate

accurately measure pipe wall
thickness.

Only good method for
measuring and detecting cracks
Very expensive, especially the
crack detection.

Elastic Wave

Uses liquid filled wheels to send

Finds and measures cracks

Vehicle ultrasonic waves around the Finds disbanded coating
circumference of the pipe. Too many false calls, but recent
Developed for crack detection in g3s | gnalysis improvements may
pipes creatly reduce them

EMAT Uses electromagnetic acoustic Finds and measures cracks

transducers to send ultrasonic waves
around the circumference of the
pipe. Developed for crack detection
in gas pipes.

Commercially available
Too many false calls?

High-Low
Field MFL

Determines stress levels and
patterns by subtracting high field
results from low field results. Used
to find mechanical damage.

Characterizes mechanical
damage

Qualitative results only

Has not vet been used
commercially

Circumferential
MFL

Uses circumferential magnetization
to better measure long defects, and

improve circumferential resolution.
Used to find mechanical damage

Finds mechanical damage
Qualitative results only
Has not vet been used
commercially
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UNDER DEVELOPMENT

Nonlinear
Harmonics

Uses changes in amplitude of the 3*
harmonic of the detected caused by
changes in the magnetic hysteresis
curve to determines stress levels and
patterns

To be used in conjunction with
High-I.ow field MFL or
circumferential MFL to better
characterize mechanical damage

Standard MFL

Analyze standard MFL signals to
detect and characterize mechanical
damage.

Strictly experimental for now.

Gas Coupled Uses specialized transducers to Planned deployment for

Ultrasonics couple enough ultrasound into high | calibrating MFL pigs next year
pressure gas to enable ultrasonic Progress has been slow
inspection of gas pipelines.

Remote Field Uses eddy currents at a defect to Commercially available for non

Eddy Currents

measure its severity. The primary
use is for unpiggable pipelines. The
drive coil is at least two pipe
diameters from the inspection point

pipeline use

Precision comparable to MFL
Slow inspection speed

Power consumption

NoPig Uses analysis of multiple frequency | Above ground method
current impressed on a pipeline to Only needs access to a pipeline
detect and measure corrosion at lkm intervals
Inspection is slow
Remote Ultrasonic waves that reflect off Commercially available and in
Detection defects are sent down the length of a [ use at refineries and chemical
pipeline. Reflection timing gives plants
location. Reflection amplitude isa | R&D to increase the range and
measure of severity. accuracy -
Maximum range 100 feet and
can be less than 10 feet.
Acoustic Sound generated by a backhoe is Undergoing field trials
Monitoring detected up to several miles away
Time Domain | Optical fiber detects the sound Being tested under field
Reflectometry | generated by machinery on the right | conditions with artificial

of way

simulations.

Other Right of
Way
Monitoring

Trip wires

Infrared cameras

Microwaves

Ultrasonic motion detection
Impedance spectroscopy

Multi spectral satellite monitoring
Radar satellite monitoring
Backhoe mounted sensors

AR
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“Mechanical damage is the single largest cause
§ of failures on gas transmission pipelines and a
leading cause of failures on hazardous liquid pipelines.”

— U.S. Office of Pipeline Safety
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Applicable Codes and Standards

 CFR 48 Parts 186 to 199 (October 1, 2004)

— 192.309 (b)(3)(ii) In pipe’s with 12-inch NPS and above
operating at a hoop stress more than 20% SMYS, dents
greater than 2 percent of the nominal pipe diameter

« must be repaired using a method that permanently restores the
serviceability of the pipe OR

+ the dent must be removed from the steel pipe

— Reference to ASME B31.8 (1995 edition)

« Per 841.243(c) All dents which exceed a depth of 2% of the
pipe’s outer diameter operating at a hoop stress more than 60%
SMYS are not permitted. The damaged section shall be cut out
as a cylinder.

« Per 851.4(c), smooth dents do not require repair unless they
exceed a maximum depth of 6% of nominal pipe diameter

- Per the 2003 edition of ASIVIE B31 .8,
851 .41 (page 67), plain dents limited to a
depth of 626 of the mnominal pipe diameter

- Strain levels associated with the
deformation cannot exceed 6 percent

Standards

T Foundation - ASME B31 .85
& Addresses excavation damage as a specific threat
= Emphasizes importance of prevention practices
& Enhancement - AP 1166 - Monitoring of Excawvations
& Executives asked - how can we make greatest impact
& Let's focus first on what we can control
& |nitiated task force to standardize practice
& Required in HCASs Tor natural gas transmission
& Enhancement - AP 1162 - Communication and Public Outreach

& Communication at the intertaces with stakeholders
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Glossary

Buckle. A partial collapse of the pipe due to excessive bending associated with soil
instability, land slides, washouts, frost heaves, earthquakes, etc.

Cold working. Distortion of the grains in the vicinity of a gouge. Cold working often occurs
immediately under the visible gouge and can significantly reduce the mechanical properties
of a pipe steel.

DOT. Department of Transportation.

Cracks.

Fatigue - Progressive cracking in the base material, weld, or weld zone that is caused by
pressure cycling or oscillatory stresses associated with the operation of the system.
Girth Weld - Cracks in the weld or weld zone of the butt welds that connect sections of
pipe.

Seam Weld - Cracks in the weld or weld zone of the longitudinal seam weld of the pipe.

Defect. As used in this text, an anomaly for which an analysis, such as ASME B31G, would
indicate that the pipe is approaching failure as the nominal hoop stress approaches the
specified minimum yield stress of the pipe material.

Dent. A local depression in the pipe surface caused by mechanical damage that produces a
gross disturbance in the curvature of the pipe without reducing the pipe wall thickness.
Erosion. Destruction or removal of material by abrasive action of moving fluids (or gases)
usually accelerated by the presence of solid particles or matter in suspension.

Evaluation. A review, following the identification of an anomaly, to determine whether the
anomaly meets specified acceptance criteria.

Gouge. Local damage caused by mechanical or forceful removal of metal from a local area
on the surface of the pipe that may work harden the pipe and make it more susceptible to
cracking.

Gouging. The process of creating a zone of mechanical damage that includes cold working,
residual stresses, plastic distortion, and (generally) moved or removed metal.

Incident. An event that is reported to U.S. Department of Transportation Office of Pipeline
Safety that involves fatalities, injuries, property damage in excess of $50,000, unintentional
release of natural gas, customer outages, or other conditions that, in the opinion of the
pipeline operator, are significant enough that they should be reported.

In-Line Inspection (ILI). The inspection of a pipeline from the interior of the pipe using
an in-line inspection tool.

In-Line Inspection Tool (IL1 Tool). The device or vehicle, also known as an intelligent or
smart pig, that uses a nondestructive testing technique to inspect the wall of a pipe. An in-
line inspection tool is one type of instrumented tool.

Intelligent Tool. See in-line inspection tool.
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Magnetic Flux Leakage. An inspection technique in which a magnetic field is applied to a
pipe section and measurements are taken of the magnetic flux density at the pipe surface.
Changes in measured flux density indicate the presence of a possible defect. Also called
MFL.

Mechanical Damage. Any of a number of types of anomalies in pipe caused by the
application of an external force. Can include dents, gouges, and metal loss .

Mechanical Distortion. Changes in wall thickness or changes in the cylindrical shape of a
pipe. A gouge, because it includes cold working, residual stresses, plastic strains, and
moved or removed metal, contains both mechanical and magnetic distortion.

Metal Loss. Any of a number of types of anomalies in pipe in which metal has been
removed from the pipe surface, usually due to corrosion or gouging.

Nondestructive Evaluation (NDE). The evaluation of results from nondestructive testing
methods or nondestructive testing techniques in order to detect, locate, measure, and
evaluate anomalies.

Nondestructive Testing (NDT). The actual application of a nondestructive testing method
or a nondestructive testing technique.

Nondestructive Testing Method (NDT Method). A particular method of nondestructive
testing, such as radiography, ultrasonics, magnetic testing, liquid penetrants, visual, leak
testing, eddy current, and acoustic emission.

Nondestructive Testing Technique (NDT Technique). A specific way of utilizing a
particular nondestructive testing method that distinguishes it from other ways of applying
the same nondestructive testing method. For example, magnetic testing is a nondestructive
testing method while magnetic flux leakage and magnetic particle inspection are
nondestructive testing techniques. Similarly ultrasonics is a nondestructive testing method,
while contact shear-wave ultrasonics and contact compression-wave ultrasonics are
nondestructive testing techniques.

Ovality. A condition in which a circular pipe forms into an ellipse, usually as the result of
external forces.

Rerounding. The process of changing the dent depth and shape by internal pressure in the
pipe. Generally, dents due to third-party contact will reround, while dents due to rocks will
not unless the rock causing the dent is removed.

Smart Pig. See in-line inspection tool.

Wrinkles. Ripples that occur on the inner radius of a pipe when the pipe is cold bent.
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