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Shell Global Solutions

Presentation to SGS on Pulsed Eddy Current

January 2006

Paul Crouzen, Shell Global Solutions Int.


	
8/13/2019 PEC_Shell Global Solutions.pdf

2/40

2Shell Global Solutions

Agenda /Ordre du Jour What is Pulsed Eddy Current Quest ce que
les Courants de Foucault Pulss Strength and weakness

Points fo rts et points faibles When to apply PEC

Quand app liquer le PEC Application examples: onshore and
offshore

Exemples dappl ic at ion : onshore et offsho re PEC corrosion
monitoring

Survei l lance de la corros ion par PEC
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PEC measures steel thickness through insulationMesu re dpaisseur
travers le calor i fuge

Probe/capteuIsolant

Steel/AcierMagnetic field

Probe

PEC instrument(portable, battery operated)

Insulated steel pipe

Pulsed magnetic field induces eddy currents in steelLes champs
magntiques pulss induisent des Courants de Foucault dans lacier
Wall thickness determined by sensing decay of eddy
currentsLpaisseur est dtermine par la variation des Courants de
Foucault
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Working Principle Pulsed Eddy Current (1)Princ ipe de la Mthode
PEC

PEC Probe PEC Probe
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Working Principle Pulsed Eddy Current (2)Princ ipe de la Mthode
PEC

1 2 3

1: Eddy currents diffuse

2: Back wall is hit

3: Signal-decay increases sharply

PEC signal

Wall thickness determinedLpaisseur est dterm ineby point where
rapid signalds que la chu te du signal decay begins(point 3 on
graph)

commence (point 3 sur la courbe)
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Characteristics of PEC versus UltrasonicsCaractr ist iques du
PEC par rappo rt aux UTPulsed Eddy Current

Based on electromagnetismMtho de lectromagntique

Average measurement overprobe footprint areaMesure proportio
nnel le lazone dempreinte

Measures relative wall thicknessMesure dpaisseu r relative

No contact or surface preparationrequired

shoots through any non-metal,including coatings, insulation,
marinegrowth, corrosion productsAuc un contact ou prparat ionde sur
face nest ncessaire

UltrasonicsBased on high frequency soundMthode UT haute Frquence
Point measurement over

very small areaPoint de mesu re de peti te dimension Measures
absolute wall thicknessMesure dpaisseur absolue

Contact and surface preparation

required(needs couplant and clean surface)

Ncessit de prparer les surfaces etdut i l iser un couplant

PEC St th & Li it ti
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PEC Strengths & LimitationsPEC Poin ts fo rts et lim ites
Strengths/Points for ts

Non-contact, non-invasive/Pas de contact, non invasive No
removal of: coatings, insulation, marine growth,Pas d liminat ion
de peinture, isolat ion, sal issu res marines No surface
preparation/Pas de prparation de su rface No shut down needed/Au
cun arrt ncessaire Surface temperature up to 550 C (1000F)Opre sur
su rface en T jusqu 550 C Corrosion monitoring: unique same-spot
reproducibilityPour la surveil lance de Corrosio n, assure une
parfai tereproduct ib i l i t Limitations/Limi tes Wall thickness
averaged over probe footprintLa moyenne des paisseurs est l imite
par l empreinte du capteur

PEC is a comparator: measures thicknessvariationson sameobjectLa
mthode de mesure de variat ion dpaisseur est comparat ive

Some geometries can make measurement difficultCertaines gomtr
ies peuvent po ser des dif f icul ts de mesure
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When to apply PEC No access to the surfacePas daccs la surface
Insulation, coating, fireproofing Corrosion product

Narrow access

General wall lossEn gnral pou rdes pertesdpaisseur

When to apply PEC

Under water, splashzone,Subaquatique,zone de marnage

Wall thickness monitoringSurvei l lance des paisseurs Remarkable
same-spot

repeatabilityRemarquablerpti t iv i t des mesures

When to apply PECQuand app liquer PEC ?
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Application examples/Exemples d appl icat ions Corrosion under
InsulationCorrosion sous calor i fuge Corrosion under
FireproofingCorrosion sou s ini fugeage

Detection of Flow Accelerated CorrosionDtect ion du ne acclrat
ion de Corrosio n

Corrosion of tank floorsCorrosio n face opp ose des fonds de
rservoirs

Offshore applicationsApp l icat ions Offshore

Corrosion monitoringSurvei l lance de la corros ion
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Corrosion Under Insulation/Corrosion sous calorifuge PEC can
inspect in-service without removing insulationPEC permet une Insp
ect ion en service sans ret irer l isolant

Wall thickness in mm (color-code)L paisseur en mm est cod i f ie
par lacouleur
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Corrosion under Fireproofing (CUF)Corrosion sous ini
fugeageIncident in Tunisia

/Incident de Tunisie

Steel supportPieds supportEn acier Concrete fireproofingIn
ifugeage en ton

Rain capPr otection contreLa pluie

Corrosion of the steel support, hidden underneath the
fireproofingCorro sion des p ieds en acier, cache par l ini
fugeage
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PEC for corrosion under fireproofing

PEC Probe

Column skirtsSphere legs

PEC Probe
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Wall thickness map of a fireproofed column skirtCartograph ies
dpaisseurs de jupe suppo rt de colonneigni fuge

572 568 575 566 561 589 604 594 583 576 575 583 590 604 603 594
606 602 611 610 605 604 632 631 618 609 608 628 641 635 639 616 605
588 583 573 567 566 567 557 553 565 586 601 583 575

593 585 598 589 585 582 593 587 581 579 589 586 582 585 603 616
603 614 620 623 621 619 616 621 625 621 602 620 639 640 638 624 600
593 578 568 569 554 567 589 604 597 585

596 586 583 587 583 572 560 566 581 590 583 579 583 590 591 587
546 555 602 614 599 587 599 606 616 620 624 617 621 631 640 621 624
613 627 634 645 632 607 594 584 559

603 599 587 600 585 587 570 568 581 583 585 585 596 572 612 606
607 594 591 608 623 628 625 634 641 620 600 609 631 630 623 619 602
592 573 535 542 602

607 599 603 607 607 591 585 592 603 596 589 598 600 594 566 615
616 603 595 608 627 629 630 635 637 639 628 613 609 620 595 547 564
585 569 552 529 516

670 658 658 646 650 640 619 617 642 638 645 645 664 668 658 660
666 672 689 684 689 692 678 662 647 641 625 612 641 661 669 672 672
684 686 695 691

716 707 690 697 695 696 685 682 692 690 682 688 685 650 671 701
703 691 682 683 684 712 720 723 706 693 673 642 619 632 645 619 663
674 693 710 712 712 714 717 729

716 700 695 695 688 699 689 690 689 647 630 695 703 712 720 712
713 706 701 705 714 716 720 720 718 710 689 676 668 641 610 632 649
684 696 702 687 705 717 727 737 735

711 702 697 695 690 688 686 683 683 690 694 697 702 690 696 710
707 707 697 700 712 698 707 710 705 703 679 672 670 653 631 651 676
681 683 696 714 719 728 729 723 729

722 714 700 699 699 698 699 690 692 691 708 716 699 695 700 704
709 713 698 699 696 707 718 708 697 690 695 686 657 629 657 672 693
709 707 706 718 719 718 725 724 722 725

717 706 697 695 691 686 696 701 690 702 711 713 690 697 696 701
707 677 649 670 702 716 709 710 701 694 708 700 702 682 653 672 672
676 671 684 700 715 713 707 717 728 731 731

725 712 709 701 693 679 679 683 697 704 709 683 683 688 693 680
660 663 699 714 718 718 712 704 714 702 701 697 685 688 683 688 686
698 711 715 713 720 727 729 735 730 733 739

699 690 680 672 656 616 614 661 681 681 650 622 598 612 644 664
646 652 669 680 685 694 705 707 712 700 693 685 685 685 694 691 698
694 701 699 699 689 700 709 711 704 700

727 711 694 677 650 629 622 677 707 703 665 624 598 636 671 679
639 690 712 711 709 715 719 709 710 700 703 709 710 720 720 741 726
735 736 733 729 727 729 743 733 735 723

713 713 710 699 665 619 628 682 708 701 664 683 698 670 668 668
678 673 709 714 724 724 719 731 721 714 712 703 710 716 719 728 731
732 726 722 723 727 726 727 727 728 725

713 715 707 690 655 623 638 677 710 696 673 675 684 683 692 713
692 657 677 715 721 718 725 720 718 711 707 709 716 716 721 730 732
727 711 715 716 719 718 723 726 725 716

710 707 717 697 662 637 660 683 710 692 680 675 675 690 698 709
682 617 652 690 708 707 710 713 710 693 689 691 704 713 706 714 718
713 706 711 711 713 712 710 710 715 710

715 697 696 692 673 688 575 663 694 709 708 700 684 678 694 710
693 709 668 662 690 702 706 703 713 714 703 688 683 696 708 701 707
718 715 717 707 709 709 717 722 715 715 715 708

724 723 707 702 681 683 669 705 711 721 734 733 716 703 704 722
709 704 702 678 689 693 693 694 699 711 719 688 674 677 694 700 715
726 736 734 732 726 730 732 729 731 724 720 727 733713 708 714 705
689 682 682 697 709 704 708 714 703 697 689 703 684 683 665 666 670
690 680 672 691 696 690 683 675 672 683 699 705 709 721 723 726 734
726 726 728 718 720 717 714 713

685 668 690 705 723 705 713 714 717 696 697 673 690 701 684 709
683 661 640 667 707 752 692 674 688 714 744 734 689 678 683 699 736
712 702 675 663 712 726 651 663 660 684 715 723 669

North SouthEast West

Bottom

Top

Man

way

access

hole

Pipehole

Pipe

hole

Pipe

hole

Remaining steel thickness on a 0.6 x 0.9 gridpaisseurs restantes
d acier par quadril lage de 0,6 x 0,9(15 mm x 23 mm )
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Accident at Mihama nuclear power plantAcc iden t de la Cent rale
Nuc laire de Mihama 9 August 2004 /9 Ao t 2004 Nine people killed/9
personnes tues Cause: Flow Accelerated Corrosion (FAC)Cause:
Acclration dune co rros ion m igrante
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FAC in primary and secondary cooling systemAcclrat ion de la cor
ros ion sur circu it derefroid issement Primaire et secondaire
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Ruptured pipeRupture dune tubu lure
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Same problems elsewhereProblme identique ail leurs

PEC is well suited to detect FAC
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PEC is well suited to detect FACPEC est bien adapt la dtection
duneco rros ion acclre Conventional method to detect FAC:Mthod e
conventionnelle: remove insulation and inspect with
ultrasounddmontage des isolants pour inspecter en UTCan only be
done when the plant is out of service, because of high

temperature.Peut ncessit larrt des instal lations cause de la T
PEC can be used in-service, without removing the insulationPEC peut
tre uti l is un it en service sans dmontage de l isolant Wall loss
over large surface area, so suited for PECPerte dpaisseur su r de
Larges surfaces est m ieux pou r le PEC

Very large potential for PECPEC prsente un bon potent iel
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Inspection of test pieceInspect ion dune pice dessais

Insulated pipe with FAC damageInsulated pipe with FAC damageTube
isolTube isolprprsentant de la FACsentant de la FAC

Insulation, 100 mm thickInsulation, 100 mm thickpaisseur isolant
100 mmpaisseur isolant 100 mm

Insulation sheeting, 1 mm AluminumInsulation sheeting, 1 mm
AluminumFeuille calorifuge, 1 mm aluminiumFeuille calorifuge, 1 mm
aluminium

Chicken wire inside insulationChicken wire inside
insulationGrillage intGrillage intrieurrieur llisolantisolant
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Validation program/Programme de validat ion

Insulated test sample with FACInsulated test sample with
FACexamined by PECexamined by PEC Test sample withoutTest sample
without

insulationinsulation

C l l t d PEC i l t l thi k
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Calculated PEC signals versus steel thickness,

stainless sheetingVariat ion de Signaux PEC su r paisseur d
acier et feuil le enInox

1

10

100

1000

10000

100000

1000000

1 10 100 1000Time [ms]

Sg

100%100%85%85%70%70%65%65%

Calculated PEC signals versus steel thickness
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Calculated PEC signals versus steel thickness,

Al sheetingVariat ion des signaux PEC su r paisseur d acier et
tleA lu

1

10

100

1000

10000

100000

1000000

1 10 100 1000Time [ms]

Sg

100%100%85%85%70%70%65%65%

Res lts PEC can detect FAC
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Results: PEC can detect FAC0 100 200 300 400 500 600 700 800 900
1000 1100 1200 1300 1400A B C D E F G H I J K L M N O65 9.3 11.0
10.0 10.1 9.4 8.8 8.9 8.6 8.8 10.3 9.6 9.7 10.7 10.1 9.6135 9.6
10.5 9.8 9.6 9.5 9.1 8.2 8.6 8.5 8.8 8.9 9.4 10.2 10.6 10.9205 11.2
10.9 9.9 9.5 9.4 8.8 7.7 8.4 8.0 9.4 8.9 9.1 10.5 10.9 11.5275 10.4
10.4 9.6 9.3 9.2 8.4 7.5 8.4 7.5 8.6 8.7 9.4 10.4 10.7 10.9345 9.2
9.1 9.5 9.5 9.1 7.9 7.5 7.4 8.4 8.2 8.5 9.5 10.5 10.0 9.4415 9.1
8.7 9.4 9.4 8.9 7.6 7.4 7.5 7.8 7.9 8.3 10.3 10.4 9.4 9.1485 8.7
8.6 9.3 9.3 8.8 7.7 7.8 7.6 7.7 8.1 8.5 9.2 16.2 9.2 9.0555 8.5 8.6
9.0 9.7 9.6 7.9 7.7 7.6 7.9 8.2 8.6 11.7 10.1 9.4 9.1

Position along circumference [mm]

Ax

ialPosition

[mm

] 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
1400A B C D E F G H I J K L M N O65 9.3 11.0 10.0 10.1 9.4 8.8 8.9
8.6 8.8 10.3 9.6 9.7 10.7 10.1 9.6135 9.6 10.5 9.8 9.6 9.5 9.1 8.2
8.6 8.5 8.8 8.9 9.4 10.2 10.6 10.9205 11.2 10.9 9.9 9.5 9.4 8.8 7.7
8.4 8.0 9.4 8.9 9.1 10.5 10.9 11.5275 10.4 10.4 9.6 9.3 9.2 8.4 7.5
8.4 7.5 8.6 8.7 9.4 10.4 10.7 10.9345 9.2 9.1 9.5 9.5 9.1 7.9 7.5
7.4 8.4 8.2 8.5 9.5 10.5 10.0 9.4415 9.1 8.7 9.4 9.4 8.9 7.6 7.4
7.5 7.8 7.9 8.3 10.3 10.4 9.4 9.1485 8.7 8.6 9.3 9.3 8.8 7.7 7.8
7.6 7.7 8.1 8.5 9.2 16.2 9.2 9.0555 8.5 8.6 9.0 9.7 9.6 7.9 7.7 7.6
7.9 8.2 8.6 11.7 10.1 9.4 9.1

Position along circumference [mm]

Ax

ialPosition

[mm

]

Next step: tests at a nuclearNext step: tests at a nuclear

power plant in Francepower plant in France

Wall thickness measured by PEC through insulationWall thickness
measured by PEC through insulation

In-service inspection of annular rings of storaget k
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tanksInspect ion en service des tles marginales dunrservoir de
stockage

Access

No need to remove corrosion products

0

2

4

6

8

PEC WT

reading

[mm]

concrete base

tank floor sagged

into soil

flat PEC probe

area with

wall loss

WT[mm]

annular ring

tan

kwa

ll

up to 300 mm
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Detection of cracked welds of plate and frame steelbridges
(orthotropic bridges)Dtect ion de fissu res dans soudu res de struc
turesen acier de Pon ts

8 PEC probes8 PEC probesProblem with long span bridges, 40 years
old, heavy loadingProblme de dure de vie des ponts de lourde charge
et de40 ans d ge

Applications offshore platforms: splash zone
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Applications offshore platforms: splash zoneAp pl icat ions
Plateformes Offshore: Zone de marnage

VerticalPosition Clock Position [hours]

[mm] 2 4 6 8 10 12

0 16.5 12.5 17.2 16.9 15.1 16.5-100 16.8 12.4 17.0 16.7 13.8
16.4-200 16.7 10.4 16.4 16.7 11.3 16.1-300 16.5 10.5 14.3 16.5 12.2
15.9-400 17.1 9.6 13.3 16.4 11.1 16.4-500 16.9 9.7 12.9 16.3 12.5
16.6-600 16.5 10.2 13.9 16.3 15.3 16.7-700 16.9 9.1 13.4 16.0 16.5
16.4-800 16.6 8.6 11.9 16.1 16.4 16.7-900 16.9 8.4 11.9 16.3 16.5
16.8-1000 16.5 7.9 12.0 16.4 16.4 16.7-1100 16.1 8.0 13.5 16.2 14.2
16.6-1200 14.9 8.1 13.0 16.2 16.5 16.3-1300 13.9 8.5 13.8 16.3 16.7
16.1-1400 14.7 8.6 14.0 16.3 16.9 16.6-1500 15.8 9.1 13.3 16.3 17.0
17.4-1600 16.5 9.5 12.8 16.3 16.9 16.8-1700 15.3 11.7 13.2 16.4
16.8 16.8-1800 16.4 11.6 16.7 16.5 16.7 16.4-1900 16.4 12.0 16.9
16.4 16.6 16.5-2000 16.7 12.7 17.0 16.4 16.6 16.5-2100 16.8 13.7
17.0 16.3 16.6 16.5-2200 16.8 16.0 16.9 16.3 16.5 16.7-2300 16.6
16.8 16.9 16.2 16.2 16.3-2400 15.5 16.5 17.1 16.3 16.5 16.6-2500
15.2 16.5 16.0 16.3 16.5 16.5-2600 15.7 16.6 16.9 16.2 16.5
16.5-2700 16.4 16.5 16.9 16.1 16.6 16.5-2800 16.8 16.6 16.9 16.2
16.5 16.4-2900 16.8 16.7 16.7 15.9 16.2 16.3-3000 17.1 17.2 17.5
16.7 17.1 17.0

Color-coded wall thickness graphJig with PEC probe

PEC on a Remotely Operated Vehicle (ROV)
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PEC on a Remotely Operated Vehicle (ROV)

system

Underwater inspection of caissons by
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Underwater inspection of caissons by

ROVsVerticalPosition Position along circumference [hours]

[mm] 12 11 10 9 8 7 6 5 4 3 2 11550 11.0 11.0 9.7 9.61250 10.2
10.2 10.3 8.91050 9.6 10.5 9.7 10.6 8.9 10.4 10.2 10.0 9.7 9.6 10.2
10.6800 10.2 10.4 9.9 10.3 8.8 9 .4 9 .3 10.1 9.0 9.1 9.6 10.2700
9.3 8.9 9.8 10.2 8.6 8.6 8.6 9.1 8.5 8.9 9.1 9.0600 8.0 8.0 8.5 8.4
8.1 8.1 7.1 8.7 7.4 7.4 8.5 8.1500 7.5 6.8 8.5 8.3 8.2 7.7 6.8 8.4
7.7 7.7 8.8 7.9 12 mm400 6.1 7.1 7.6 7.7 8.2 7.4 6.7 6.7 6.8 7.5
7.2 7.5 10%+300 5.9 6.0 7.2 7.2 6.9 6.1 5.9 5.9 6.0 6.7 6.4 6.3
(+/-) 10%200 6.1 5.5 5.8 5.6 5.7 5.5 5.4 5.4 6.3 6.2 5.5 5.8 10% -
20%100 9.5 5.5 5.5 6.5 6.4 5.7 6.5 7.4 6.9 8.9 20% - 30%0 10.7 11.7
8.4 10.2 9.4 11 .5 11.7 10.5 8.8 10.8 11.1 11.5 30% - 40%-100 10.8
11.4 10.4 10.3 11.5 10.9 11.5 10.3 10.1 11.0 11.0 10.4 40% -
50%-200 10.6 12.0 11.1 10.5 11.3 11.5 11.8 10.4 10.6 10.8 11.2 10.4
50% - 60%-300 10.6 12.1 12.3 11.9 11.4 12.0 12.2 10.3 10.3 10.8
11.0 11.1 60% - 70%-400 11.7 12.4 12.2 11.7 12.0 12.4 12.0 10.7
10.7 11.9 11.7 11.4 >70%-500 11.1 11.4 11.9 10.8 10.5 12.0 11.7
11.1 11.6 12.2 10.6 10.6 -700 10.3 9.8 9.7 10.6 11.4 10.7 10.2 11.1
10.9 11.7 10.1 10.6-800 10.1 10.6 9.9 9.9 1 0.5 11.0 11.0 10.8 10.3
10.1 9.9 10.1-900 10.6 11.3 9.6 10.2 10.6 11.0 11.7 10.2 10.4 10.2
10.4 10.7-1000 10.7 11.7 10.8 10.5 10.6 10.6 11.6 10.4 10.1 10.4
11.4 10.7 -1100 10.1 10.4 10.9 11.5 10.3 10.8-1300 10.5 11.4 12.0
11.1-1500 10.2 11.5 11.7 12.2

Color-coded wall thickness graph

Photograph: D. Mackay, Subsea7

PEC wall thickness monitoring
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PEC wall thickness monitoringSurveil lance des paisseurs par PEC
Remarkable same-spot reproducibility: typical 0.2 % of the

wall thicknessReproduc tibi l i t remarquable: 0,2 de lpaisseur
mesure Operator independent /Oprat ion indpendante Simple and
robust /Simple et robus te Suited for high temperatures (applied
till 800 F/420 C)Conseil l pour les hautes T(jusqu 420 c)

Value /ValeurKeep installation in operation despite corrosion
problemLaisser l installat ion en service malgr les prob lmes
decorrosion Operation outside design windowPermet lexploi tat ion
ho rs lim ite de calcul

Example: Air cooler outlet pipes at a refinery
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Example: Air cooler outlet pipes at a refineryExemp le: Sorties
d aror fr igrants de Raffinerie

Routine inspection revealed high corrosionrates at 48 elbowsInsp
ection de routine a rvl une fortecorrosion sur 48 coudes

Needed time to order replacement materialTemps ncessaire au rapp
rovisio nnement

Need technique that can be installed in-serviceBesoin d une
techniqu e pou vant tre installeunit en service

Conventional UT: t ried, but not repeatableenough to determine
short-term corrosion ratesUT con ventionn els tests mais
reproductib i l i tdes mesures insu ff isantes pour dtermin er
court terme les valeurs de corrosion limite

Pulsed Eddy Current was selected PEC ont t retenus
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Where?O UT shows wall loss at first bend in

outlet pipeUT ont mon tr une perte dpaisseurdu premier cintre de
la tubulu re desor t ie

Detailed UT measurements (grid overwhole bend) used to identify
thinnest

positionLes mesures UT (quadri l lage del ensemble du coude) uti
l ises pouridentif ier les plus faibles paisseurs

PEC and UT wall thickness monitoring
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PEC and UT wall thickness monitoringPEC et UT su rveillance des
paisseurs

PEC tool

Position

markers

Mobile system: one sensor for all locationsRobustness &
simplicity DIY

Retro-fit capability: in-service installation

Examples of PEC results on air cooler outlet
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pExemple de rsultats ob tenus su r so rt ie desArorfrigrants

Role of PEC: help operations to get the corrosion under
control

keep plant in operation till repairs can be made

Position N4-H (6 o'clock)

10.00

10.40

10.80

11.20

11.60

12.00

10/12/02 30/12/02 19/01/03 08/02/03 28/02/03 20/03/03 09/04/03
29/04/03 Date

Pwahc

mm)

Average CR = 5.0 mm/y

1.5 mm/y

7.6 mm/y

2mm

PEC corrosion monitoring
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gSurvei l lance par PEC de corrosion dune tubulu re su rco
lonne

6.90

6.95

7.00

7.05

7.10

7.15

0 100 200 300 400Days
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nmm]
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Features PEC /Caractris t iques des PEC Mobile system:one probe
with positioning frame or markers Systme mobi le: Un capteur avec
chssis ajustable ourepre

(also fixed sensors for inaccessible locations)(avec fixat ion
de capteurs pou r zone inaccessibles)Consequence:
cost-effectivenessConsquence: rduct ion des cots

Simpl ici ty / Simpl ici t:- easy to set up monitor points in
service, no welding

-Mise en oeuv re facile po ur la surveil lance de points ,
enservice sans soudage- easy to collect and analyze data
(automated)

-Acquis i t ion et analyse des donnes autom atises
Robust,especially at high temperatures

Robus te, notamment pour les hautes T
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