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2014 7 31 23 55 8 1

-2011-2015
Causes of pipeline incidents - CEPA members-2011-2015

W Naterials,
manufacturing
or construction

W (racking

B Extermnal

interfergnce”

W Geotechnical

B Other

1

(Canadian Energy Pipeline Association CEPA)
() (D

2
(American Society for Nondestructive Testing ASNT)
( 2
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106 PAUT  TFM
gPIMS (CUI)

Zetec

(ASNT  Zetec)

() (Total Focusing Method TFM)
85 mm ? 1 mm SDH ( )
Iy 10mm 5mm
20 mm
30 mm
40 mm
89 mm 50 mm
60 mm
70 mm
! 80 mm . _ , :
PA UT ( ) FMC/TEM ( /
3 )
(Phased Array Ultrasonic Testing PAUT)
3
(Full Matrix Capture FMC)
CyCle L Cycle 2 Cycle 3 Cycle 4
1. L L [

—

—
————
———,

4 (a)
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Makrix ofTransmit‘//ReEeive Raw A-scans

Receive elements
1 2 3 4 5 (] 7 Rt
O T ) e e
2 i i i fiere fie e foe e ey
3 e e e et et et e
4
5

e et flere flee Jlerte flerte Jory
il i Jir e e fpate
6 i et e i e o e o e
L L L s L il L

Siuallafs jwsuel |

FMC ( ) N

/ A (Matrix of Transmit / Receive Raw A-scans) ( 4ab)
FMC

(x,2) =>

(x,2)

(TFM)
(grid)

(Time Shifting)

TEM

6 0? ~45? EDM ( ) PAUT TFM PAUT
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TFM, AFM, DWI, CWI, Adaptive TFM, Adaptive AFM, SAFT, Migration,TFMp

U AFM (Advanced Focusing Method)
U FMC TFM
TFM 10-40

( TFM 20-30dB)
(Ti, Inconel ) (SNR Signal to Noise Ratio)

u
u
u
u
u

”—ﬁ
| -~ AFM
Extended Metal Path Inspection

‘ 800 mm
0-
450mm .
7
7 800 mm AFM
u DWI, CWI
w DWI
w CWI
8a, b 300 mm FMC DWI AFM TFM
TFM 300 mm
DWI AFM DWI
| | i
AFM V.S. DWI V.S. TFM AFM Image Results
|
o~ .

Bl ol s o

8 (a)
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DWI Image Results Standard TFM Image Results (+30dB)

8 (b)
Adaptive TFM, Adaptive AFM
w TFM AFM
w FMC Adaptive TFM AFM
Adaptive
9
ATFM
9
u TFMp
wTFM (Iteration) (Inverse)
w Y10 1/20
w
10 2mm ?lmmSDH TFM TFMp TFMp
Adaptive TFMp
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TFM TFMp

3 N M r
i0 Al
a2 e
E 44 15 ‘g 44 F
Y el v " 4fs
48 b s 4 b
0 Wy
20 5 0 ¥ ' 20 @ 30 5
x () * (mrmy
‘aluminum Bloek with
Close SOH FMC TFM  TFMp
Wavelengtn A = 2.2mm
Neptti = 40 mm
i)
i ol L o
o SDH
10
U Migration TFM
w FMC
W TFM
U SAFT (Synthetic Aperture Focusing Technique)
W TFM
w
w SNR 20 frames
11a,b  Migration TFM SAFT AFM TFM SAFT SNR
TFM
Generie TFM AFM

11 (a)
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1@ Migration TFM
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11 (b)
PAUT Zetec FMC
( 12

u Sectorial Total Focusing (STF)
w A-Scans ( )

:'j TFM i * Standard PAUT
A64 _ : Ab4
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1/2 PAUT STF
TFM ( 19
| = — G ——
i THM i ! Standard
| AGA ' i PA UT
: : i Abd
bl - i ! =5 Projecticn
i i i l, FOCUS
| - )
I || i ;
i i D)
h : ! &8
I | J i
f | \4! ; ':
| o Al
e ==z S iE e = = =N e = iiw e e e o £ % _ = - e
[

2 /

* {

F] /

¢

r

. TFM

p

Y
L%

(Active aperture)
64 32 16 TFM
)
STF

amplitude fidelity)
128 x 128

E "L hhananynnogaaa

TFM
16

(frame resolution)

(pixel size)

LR R R R R

AR AL R AR Ly
LY -,‘\ AN ﬁfm‘ Ao

15
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6dB ( )
2dB
]
¢
e |
ef
¢
P \ fl |
-
’
: il \ | \ |
: il |
: pi A
: T \ |
- |H| | w“'.u‘n.”,,
| P R AT O] A B o w1 VNG S
X
512 x 512 128 x 128
1/10 172
16
i
SAFT SNR TFM
AFM TFMp
2
TFM Type Speed . Data Size " SMR  Sonsitivity *** Resolution ~ ****
SAFT High >J0Hz Small 610 Poor 0dB Very Good 05
TFm Average ~5Hz Very Large 39,063 Good -bdB Very Good ~0.5
AFM High ~20Hz Small 1,831 Good +20dB Very Good QS
ATFM Below Average 2H: N/A N/A Good N/A Very Good na
AAFRA Above Average 10Hz MNIA N/A Good N/A Very Good no
TFMp Below Average O.5Hz N/A NIA Excellent: N/A Excellent <0.1
3 128 ch, 512x512 grid
ek 128ch, 5045, 5SMHz, 2m with 2mm step
ki Comparative sensitivity (+ is better than -)
a i In wavelength
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() (Eddy Current Array Testing ECA)

( 17
F |‘_'_| i | |
17
(OD) (ID)
()
3
EC ECA
X VS. O
ID
oD
Zetec MI1Z 200
MI1Z-21C ( 18)
MI1Z-21C
u 1.22 kg
U 8Hr
18 i 5Hz ~ 10 MHz
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(PT) PT
(ECA)
ECA 19 Zetec
ECA PT
95 ECA

19

ECA ECA (SNR)

SNR

| Signal to Noise

5 Ratio

Amplituds (d67s)

) 0

-100

1 kH7
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Adaptive
Zetec Flex 0.197

20

HER S
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() (Guided Wave Test GWT)

( 22
:
g
; .
:
22 -
i
(Reflectivity) (Amplitude)

X-Y
( 23

©0-0

23

(%)

Guided Ultrasonics Ltd
gPIMs
3%
03% ( 24
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45

25

ik

Y e ==y
———

100 m =
0.2 mm

0.3% ~20 pm
24 Guided Ultrasonics Ltd S-Lay
gPIMs
100 m 0.3%
Guided Ultrasonics Ltd
MsS 32
64 90 128 180 250 kHz
uT 1 255 5 10 MHz
g | 1 '
z ol b » | HIeT
LYY - I Ml i | el
ER I e | lﬁ\”‘?“"" wlsaion g
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g
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()

26

(PEC)

Insulation CUI)
(Corrosion Under Fireproofing CUF)
Corrosion FAC) 2017  1SO 20669
(26
PEC
i
i
i
i
i
PEC (Productivity)
(grid mode) 25m/

spatial resolution)

27
Eddyfi

( 155 m/ )
4~10 (
) 15cm

P.16

(Pulsed Eddy Currents Array PECA)

sl il s

B9.7%

(Corrosion Under

(Flow Accelerated

1 pulse/
(high

Grid-As-U-Go™ ?
( )

(Pulsed Eddy Current Array PECA)

46 cm

Grid-As-U-Go™

( 27)



28

C ) ( 28
Eddyfi Lyft (compensated wall thickness CWT)
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() (Electromagnetic Acoustic Transducer EMAT)

Electro-Magnetic excitation of sound waves

ldegnet

™ . -
™ lasl piace <

Lorentz Force Magnetostriction

29

( Electromagnetic Acoustic Transducer EMAT)
(Eddy Current)
(Lorent Force)
(Ferromagnetic) (Magnetostriction) (
29)
(Sensor)
EMAT
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()

u (Robotic Crawlers)
u (Flow through)
u (Pull through)
u (Unmanned Aerial Vehicle UAV)
Diakont (ID)
15D

Incommand

(Multi-Mission Modular
IM3™)
31 Versatrax 150™

(  500m/1650 )

31
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INETEC <15D
32

32

Flyability (Unmanned Aerial Vehicle UAV) Elios

Elios
4m/ 400 mm

33
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[ bR cnt- S et A ant

Georg Fischer Co. Ltd.

(
2

1995 5km
110-315mm

5km

(

34)
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(39

(Replication) (Creep Rupture)

¢ 284 351 2R Element G {-/H*-u_ﬂ-—"-é B sl bty Wl fies
— — it i | Inspection Purpase \
|l°i§pE'CﬂUﬂ Malerial . =1 MLAS =
_ Carban L 7 . TaF i Py Life Assessmernt
Repication Al i TOFD(UT)
Repicat o~ Lf = e Phased Arra bl
i = | S i AT
SERIEARN | ohandy |, T 2 4 [ | Y| Crael/Defect
= Handness Asepsamant AL e A e )| e e
'GTE’]TI Ruﬁa—'ﬁ": St /': PP e i = T Header fﬂj.?]".:_‘ veeid jine
\| (Sample Tube) A - H ‘ Hl l w 2 Inspaction Fimpose
- . A - Surfacs
g - =" Fen Sha 2
ST & = e il CradkiDefect | |
) ) o e rHE AT E b >
Futniacs Watsr Wall | E N g
Trepaahion Pupnse | : o T e TS
¥-ray Image - A ISHABHECO
il Sirface = B \ .
Andlysis b .- . = o i e I inspegtion Flrpuse
Laser MeasuUrement Intsrat === h rndsr LT Thickniass
i Crackefert - 2 o gl :
Evaiuation of acid = -
cl=aing pariod | o
Evalustion for ] 3 [
Sample Tube replacemeant period ] :’
by circumfential 9 P .
crack and suifitle | ¥
corTosion J
WO Scattoiding Conmtion u i ol =
Inspection Plipose ) ! /
- ¥
TaF Defarmysion |
14 HIES B
LIAV [ Drores Hamag | : i
Inspactnn Her lperion Lecsen
Cacebefent Sumace
No: ltemms i L= e Fumacs 3 EHESHEERH | 1SHENES ED M
EXnEeS Ees {155 13 n3le
SlrSes Inwrmal | Assessment Wl Tilk= s Hoeent Eement | Slement ?
¢ |l — ® e
2 |Repicston # .
1 |kwohess o .
3 |MLAS o &
5 |TorD 1" *
5 |Phssad dwsy UT # 3
7 |PenShapsd =27 -~ ®
g |Remy s Analss o+ ®
3 |Lss=Msszgrement i .
10 |LAVIDmoess < . . .
11 |Loesm Ripane r .
12 |Eampe Tubs w .

35
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36, 37 1985
( 36
Method
Linge Matrial Point :
e Matesial
MT | TOQFD | Replication PAUT | Hardness Analysis(®)

Base metal - = o - Q 8
Majn Steam SA335P81 | Circumferentia & = o 7 0 _
pipe SA335P22 | | welding B - -
Other Ppe e Longitudlnaf o &) ™y =) (&) -

welding ’ = = = -

Base metal = - o - 8 Q
Feed water SALOGGLB | Circumferentia | o . o S _
pine SALDEGR.C | | welding = =
OhEr pe e Longitudinal ~ = - - - _

welding - - - - =

Cricumfsrantial welding

0

2, Longitudnal wekting point of seamed pipe

| Lomgitiadinal
Crack wilding paint
1 = apout -

Gause of gamage | Gresp

36
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CFE Creep Embrittlement
Factor

C )

1, Longitiudingl welding point of seamed elbsow

Lergitulinal welkding poiint

izgnetic pattam detecied al walding poi of Y-
pieca by magnats paride e
i e 1|

St
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1, SBampling nozzle

\.'l'-:-Jlj=r|_qi -

sampieg fine

2. Nozzle for Small bore piping

/

LCause of damage (el altack

3, downstream pipe
of control valve

Contral Valve
4

4. downstream pipe

1.Flow nozzle and pipe FAC (Flow Accelerated Corrosion)
g "%':;_' B .
| o (\N_I f /
= Carrosion : . k-
2, Thermowall
i—- gl point E

COFrasion from

of drain valve

true crotllar shaps

-
LA == LT ]

B carrosien area

|zl paint

Fifer repanr
¢l) CUl(Corrosion Under Insulation)
Cul
1, Alr Vent Pipe |
<Sample Countgrmeasure>
,J'(“- -
o /‘-.

chechered plate
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10
1. Inner UT
2. Replication
3. Hardness
4, MLAS (Mitsubishi Metallugical Assessment system)
5. TOFD (Time of flight diffraction)
6. Phased Array UT
7. Pen Shaped ECT
8. X Digital X-ray
9. Laser Measurements
10. UAV/Drones
5
38
/10 ( 39 40, 41
Water Tank Pump
Boiler Tube: 4 Ultrasanic Thickness ( N
Gauge

Data Processing '
Litrasonic Sensor Inspection Result
uT

38
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1/10

Weight: 1,200kg/set — — | Weight:120kg/set
12CH Thickness Mater Batery
Erobe [ PC Supply Circult Il

12CH Thickmess Meler (25kg)  Pressure Pump { 400kg)

[\ , pe
[ ST SLCTE CROm e Rl USSR T vl i T
" 1 - 1 _.-—' \ - i - g
- \ / Cabledess INNER UT Sansor
Uitrasonic Sensor \ | Water Tarlk - A—— 7 INNERGI O Water Tank
NN |/ Cabie Winder i
: (300Kg) 4 g

“Prazsiire Pump
(30kg)

Data Frocessing

.J.—F‘—h.

i Alag
- k'\!_ o (‘ l g J
Data Protessing R
\ INNER UT Cable-less INNER UT )
uT uT
39

135/ 144 - 136/ 144 137/144
138/ 144 139/144 — 140/ 144
141/ 144 142/ 144 143/ 144

= Thickness<4.00 i

E ———— = 4.00< =Thickness<4 50
4 50< =Thickness<5 25 .
144/ 144 5 25< =Thickness N—
40
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] (5 Years Later) 5

B VRET-0.5=Thickness

[ MRT =Thickness<MRT +0.5
=, Thickness <MRT
MET : Minimum Required Thickness
\_ J \_ J
Qriginal

@

O

=

s : MRT

= :

= :

| .
5 Years Operation Time

41

(Unmanned aerial vehicle / Drone)

( 42

UAV : Unmanned aerial vehicle

Inspection of Burmer NozzZles

—* Flight Route

42
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ASNT 106

Zetec Total Focus Method (TFM) Eddy Current Array (ECA)

(MHPS)
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