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The use of Non-
Intrusive Ultrasonic
Intelligent Sensors for
Corrosion and Erosion
Monitoring

Cost effective solution for
assessing wall thickness loss
In pipelines - quantitatively -
using Guided Wave
technology to optimize output
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Presentation Layout
ClampOn DSP CorrosiorErosion Monitor

A Introduction and Background
A System properties

A Selected results

A System layout

A Installation requirements
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Introduction and
Background




Current State-of-the-Art

A Most pipeline assessment systems are based on
spot measurement technology, involving a large
number of transducers

A The few path-based systems available provide
gualitative rather than guantitative assessment of
damage

A More often than not, intrusive systems are used to
assess the corrosive nature of flow in pipelines
using coupons, etc
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Applications for ClampOn CEM

A Separatorsi large tanks

A Straight pipe sections

A Pipe bends

A Y- or T-joints

A Any type of metal

A Can also monitor particles or pigs
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Applications for ClampOn CEM

Typically encountered material loss phenomena
A Uniform/General corrosion

A Pitting corrosion

A Erosion due to sand or chemicals
A Crevice corrosion

A Selective attack/leaching corrosion

i

.

il

o~ _-_.-:T-T‘ ===

AU

==
XN
TR
\\\\\\\\\\\\\\\\ QY
Ay : .

\\\\\\\\\
2

Iy i e W W

\
1]l i\lll‘ 1\ I\\ \ \
"”'llllllllll” l

L . -

THE LEADER IN SAND, PIG AND CORROSION-EROSION MONITORING

ULTRASONIC INTELLIGENT SENSORS



System properties




Standard system components
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Standard system components

A 1 Computer/
Software

A 1 Master sensor

A 1to 8 AE-EXT
Slave sensors

A 11.S. Power
Supply
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System Tasks

ClampOn DSP CorrosiorErosion Monitor

A To measure:

V' Average wall thickness, indicating the presence of any
material loss phenomenon underway in the pipe

V' Temperature of the pipe
V' Sound velocity in pipe

The system will have between two and eight sensors in
operation

The surrounding environment will not adversely affect system
performance T all major effects accounted for

The sensitivity for average wall thickness assessment is
expected to be better than 1% of wall thickness

The system measures wall thickness in REAL time, at user
definable intervals
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System Operation

ClampOn DSP CorrosiorErosion Monitor

The CEM system consists of 3 measuring technigues:

1. Robust Lamb Wave Average Wall Thickness
Measurement - CGV
(Measures the wall thickness between slave sensors based on
Lamb Wave Phase Dispersion)

2. High Resolution General Wall Thickness - LGV
(Measures the wall thickness between slave sensors based on
Lamb Wave Resonances)

3. Spot Measurement - ZGV _
(Measure the wall thickness underneath the sensor location)

CLAMPON,
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System Operation

ClampOn DSP CorrosiorErosion Monitor

# 1: Robust Lamb Wave Average WT - CGV

VV Based on phase dispersion

VMeasures WI between the s
V' Resolution/sensitivity better then 1% of WT

V' Robust and will not break down

15 22mm

Sensor A _ _ _ Sensor B
Typical distance 200 to 1000 mm separation

Pipe wall
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System Operation

ClampOn DSP CorrosiorErosion Monitor

# 1: Robust Lamb Wave Average WT - CGV

VV Based on phase dispersion

VMeasures WI between the s
V' Resolution/sensitivity better then 1% of WT

V' Robust and will not break down

14 82mm

Sensor A _ _ _ Sensor B
Typical distance 200 to 1000 mm separation

Pipe wall
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# 2: High Resolution General WT

A MNON DSP CorrosiotErosion Monito

# 2: High Resolution General WT - LGV

\/ Based on wave resonances

VMeasures WT between the |s
V' High resolution/sensitivity £0.14 mm

\/ Breaks down if WT iIs non uniform -> 7-10%

15 22mm

Sensor A Sensor B
Typical distance 200 to 1000 mm separation

VAAAAAAAA
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System Operation

ClampOn DSP CorrosiorErosion Monitor

# 2: High Resolution General WT - LGV

\V Based on wave resonances

VMeasures WT between the s
V' High resolution/sensitivity £0.14 mm

\/ Breaks down if WT is non uniform -> 7 -10%

J

Sensor A _ _ _ Sensor B
Typical distance 200 to 1000 mm separation

Local WT defect >10% of WT
underneath sensors
A Alarm FLAG
[ ]

oe wall
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System Operation

ClampOn DSP CorrosiorErosion Monitor

# 3. Spot Measurement - LGV

\VV Based on compression wave
V' Measures WT underneath the sensor
V' High resolution/sensitivity £0.2 mm

15 37mm 1522mm

Sensor A _ _ _ Sensor B
Typical distance 200 to 1000 mm separation

Pipe wall
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Working Principle - Lamb Waves
ClampOn DSP CorrosiorErosion Monitor

A AGLW = Acoustic Guided Lamb Waves

A Named after Horace Lamb, who discovered the waves in
1916

A Also called Long Range NDT

A The pipe wall will force the transmitted signal into a
given shape and form (mode generation)

A Analytical inversion of acoustic data to obtain relevant
thickness information

CLAMPON,
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Working Principle

ClampOn DSP CorrosiorErosion Monitor

_Information needed to measure the wall thickness at installation
includes:

A Easily measurable material parameters:

- Longitudinal Velocity
- Shear Velocity
- Density of the metal

A Relevant flow information, including phase and temperature

A Overall geometry of the section of pipe where installation is
required, including radii and axial curvature (if any)

A ClampOn will determine the optimum acoustic parameters for
thickness assessment, and will configure the system accordingly

CLAMPON_
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A OD pipei 8 0
A Separation 700 mm
A 6 Slave sensors setup

CEM- Coverage Area

Total Coverage:
A& 60 %

[CLAMPON;
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A Wa” |OSS W|” be u Measured area

Detecting average wall thickness

Irregular wall loss

r Average wall thickness

T L t

Minimum wall thickness

|l
<

estimated as an
average thickness
reduction, and

Sensors
not as a
Omi ni mumoé wal |
th|CkneSS Localized wall loss L— Average wall thickness
u-'u%«;@?:ugvm L v
|_ Minimumwall thickness
Measured area

Sensors
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Detecting average wall thickness

----- Three separate scenarios:
Sensor+—

e+ —I————"TL1— |J Highly localized pit
@ ——=—"1— \/ General erosion
|- — Cl— 9 Localized groove

Sensor ——rO

U Highly localized pit exerts a very small (< 1%) effect on average wall
thickness => undetectable

\/ General erosion exerts a noticeable (> 1%) effect on average wall
thickness => detectable

7 A highly localized groove will be detected IF its effect on average wall

CLAMPON,

thickness is > 1%
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Coverage Area
CGV mode

Transducer 1 Transducer 2

A The figure illustrates the area covered by a pair of transducers
A Beam divergence allows the CEM

A A matrix of transducers deployed on a region of pipe can
provide comprehensive coverage

CLAMPON,
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System properties
CGV mode

A The system measures the average wall
thickness loss between pairs of
transducers

A The system will have between two and
eight sensors in operation

A The sensitivity for average wall
thickness assessment is around=* 1% of
average wall thickness

A The system measures wall thickness in
REAL time, at userdefinable intervals
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Selected results
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Simulated Erosion Test

In-house Verification

A large plate was locally eroded with a power grinder

During the test period, average wall thickness decreased
from 10.6 mm to 9.4 mm, over 37 runs, indicating an
approximate reduction of 0.3% per run

A Two sensors were attached to the plate during the entire
tests, and took data after each grinding run

A Main results:

I System tracked absolute average wall thickness to within 4%
of the nAnactwual o value, which i n i

I While the sensitivity to the total reduction were easily seen,
the system proved to be able to detect a change of around
1%

I A statistical spot measurement method was used to estimate
true average thickness

o T
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Simulated Erosion Test
A glimpse at the raw data (10% change in thickness)
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Simulated Erosion Test

Comparison between predicted and calculated
wall loss

14 ~Mmmmmmmmmﬁm :
¥

A CGV Measurement technique (No: 1)

CLAMPON,
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Independently observed test

Results from erosion on 12 mm plate

A CGV Measurement technique (No: 1)

y s .l ;
n g g — |
- 2

A 12mm thick plate eroded
randomly with a power tool

=#—-CEM % loss of average WT

—— Estimated % loss of WT

A Test was conducted and
monitored by independent
observers

% loss of average WT

A Predicted thickness loss on
day of test was later verified
by actual measurements as
seen in the figure

Measurement number
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Uniform thickness loss

CEM demonstrationt uniform thickness reduction

- - -ldeal thickness
—t—— CEM measured WT

\\\’\—\\

A LGV Measurement technique (No: 2) BRI
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Uniform thickness loss

CEM demonstrationt uniform thickness reduction

20 to 10 mm uniform thickness reduction
Constant offsets added and 2 spurious readings removed.

25
20
g 15 = = = |deal thickness
E —a— 400 mm offset
é —&— 500 mm offset
E 10 — Vernier readings
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Weld-root erosion detection

CEM Installed on a pair of welds as shown
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