Coke Drum Workshop

AUT TOFD Inspection of Coke Drums

David Bajula  Houston, Texas

Director — Advanced NDT Services '/‘
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Typical Coke Drum, bulges and all, does not
restrict our unique TOFD inspection.




Typical TOFD Technique
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AUT — Basic TOFD Technique

Lateral Wave

Longitudinal Wave (Clad & I.D. response)
— Clad interface well defined.
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In practice:

Maximum error on absolute depth position is within 10%.

Mistakes include NOT doing a multi-pass scan!
Caution for small defects situated at the back-wall or confined to
the cladding.




TOFD Technique — Con’t.
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Deep crack detected
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Perfectly GOOD weld (no cracks) however almost
ALL manual UT shearwave attempts will mistake
this as a crack!
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The above is a previous I.D. repair most likely welded out with stainless or inco.




Even Shallow cracks are detected

= Crack - .100” into Carbon
Clad Interface
LD. Surface

Monitoring Exams

A good AUT program is
crucial for successful
monitoring.

Tveo pepain luratace

Roll bondl clad interface :
i— |




Insulation ring is just
barely out of the way

There is NO problem
in scanning the Inco
repairs or even
detecting new
cracking in the inco
repairs!

The image reflects a
100% weld out from
0O.D with inco.

Scan data of an Inco Repaired Weld after
several cycles...2 months.




Cracking detected in INCO weld repairs after 6 months.
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fl“]:lree (3) cracks observed in lower image between 55' — 60" location.

Crack #5: Start: 660" Stop: 670" Length: 10" RIL:.262" CL: +1"
Crack #6: Start: 696.2" Stop: 702" Length: 58" RL: 450" CL: +17
Crack #7: Start: 706.4” Stop: 716.6" Length: 10.2" RL: 378" CL: +1"

® Cracking can also initiate from the outside
surface. However, this is normally the
precursor to a thruwall crack.
¥ /A ' ‘




ACFM - For O.D. Cracking

Slect Probe

Cracks are usually monitored until propagation approaches critical flaw
depth or next T/A activity.

Weld # |13 Switch Switch Coking Decoke Coking Quench
14 | Coking | Stm. Strip | Coking  [HUWPRG/PT Coking Drain
15 Coking Quench Coking | Warm Up Coking Decoke

On-stream Inspection is paramount to the
operation & profitability of a Coker unit.
® The AUT examinations can be performed
without the usual downtime and between
cycles with only minimal support.
|COKER 6 DRUM SWITCHING SCHEDULE ‘
[ pATE T T orRum1 T DRUMZ T DRUM3 T DRUM4 T DRUMS5 [ DRUMG [
WED 0| Quench Coking | Warm Up | Coking Decoke Coking
2{1142004 | 1 | Quench Coking | WYarm Up | Coking Decoke Coking
2 Drain Coking Swritch Switch Decaoke Coking
3 | Decoke Coking Coking | Stm. Strip |HUWPRG/FT]  Coking
4 Decoke Coking Coking Quench | Warm Up Coking
5 | Decoke Coking Coking Quench | Warm Up | Coking
Weld# | B Decoke Coking Coking Quench | Warm Up Coking
7 | Decoke Coking Cuoking Guench | YWarm Up | Coking
Increase | 5 HU/PRG/PT] Coking Coking Drain Switch Switch
Drain Cycle| 9 | Warm Up | Coking Coking Drain Coking | Strn. Strip
1 hourta |10 | Warm Up Coking Coking Decoke Coking Quench
allow TOFD| 11 | Wvarm Up Coking Coking Decoke Coking Quench
12 | Warm Up | Coking Coking Decoke Coking Quench




What is required by you:

1) Access to the welds
1) Scaffolding
2) Insulation Removal
2) Surface Preparation
1) One time power buffing usually lasts for several
exams
3) Expectations
1) What is your repair threshold...i.e. % depth,
length into carbon, clad cracking?, etc.
4) Time Windows for Inspections
1) Typically right after quench, pause for drilling
the pilot hole and then during the drill including
up to the preheat
5) Permit, 110V Power and Water source
1) Typically safe work or hot depending on plant.

What you get!
1) Final Report with FULL details of cracking

1) 75% confidence in cracking observed in the cladding
2) 90% confidence in cracking up to .050” into the C/S

3) 98% confidence in cracking .050”-.100” into the C/S
4) 100% confidence in cracking >.100” into the C/S.

2) Detailed TOFD Images

1) TOFD images for ALL scans...not just sample scans
2) Full crack depth profiles in the images

3) ACAD

1) ACAD showing scaled locations for all cracks!

4) Comprehensive Crack Table — full details

5) Ability to monitor cracks “on the go”

1) Minimizing repairs of every superficial crack for a
tremendous cost savings.

e e
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Typical Field Report
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WELDE AATL . HOML T ﬁlual'.:f.m SCRFACE BRED ACCESS COMPONTNT :vIEIEIM\_hd - W!Illr:;L_:l"[H.I SURFACE COSDL a‘ww{nm m!gc»mﬂmm:x-s.
4p % [NChme Sl [V 10000 100 Cad  Fl Powei Dudling  Sathid
Tecages c REFTRENCE EEFIECTOR
§ ) . 00 o Carbon Stel D ek
INTRODUCTION TECHNIQUE CALIBRATION BLOCK BLOCKMATL REFERENCE REFLECTOR
Automated UT (AUT) examinations were petformed using TOFD techniques. The purpose of the Coom sheamave | (orUsed) Navship . Carben Sceel apine o
examinations was to determine extent of potential cracking in the base material and provide a baseline AUT | | C-Scan Longitudinal - 0° Not Used) Navship 3 Carbon Sreel 1" Deep /16" SDH
examination or map of eminent flaws |COMMENTS: e Y
UTSCOPE:MFG.Amdta  MODEL:IPC SNDASI0l | SCANNINGTECHNIQUE: [JLINESCAN  [JRASTER
The TOED technique is capable of detecting and sizing flaws with the high accuracy (+.039” thruwall) and
has the distinct advantage high productivity. Flaws can usually be charactenized with TOFD however: at IRANSDUCER  TYPEMODE  SINGLEDUAL  SIZE FREQUENCY 0y ANGLE o~
times Pulse-Echo and/or Shearwave examinations are be used to provide additional classification. In this Megasouics Tongincinal Tor> 37 50 S0RL ATELETY
case, the TOFD exam serves as a ‘Baseline” examination to be compared with futur

EXTENT OF EXAMINATION
Essentially. a 100% examination was performed with an automated scanner for both Circ. Welds #3 & #4.
‘The examinations were performed as a RASTER Line-Scan (D-Sean) to accommodate the wide Inconel
weld that i typical on the LD. of a Coke Drum. Additionally, RASTER B-Scans were performed at
selected locations.

SUMMARY
For the data collected. the TOFD indicated no SEVERE cracking: (>50% thruwall & >12” in length).
However, suall areas of less severe cracking wese observed to propagate iut0 the base wtera

Iy,

Most were with previous
v.eld repairs or cracking indications that were hmued to the cladding material or Inconel weld. Note that
the TOFD energy was focused near the clad interface to enhance detection capabiliy of clad cracking.
which was limited

Many previous repairs were observed and appear to be associated with a material interface that would be
expected for an Inconel weld to base material i e. repairs welded out with Inconel. These are easily
identified in the D-scan displays. The detection of cracking coming out of these repairs would be limited
with the best chance for detection being the additional length.

See attached AUT Technique Sheet, AUT Scan Sheets and AUT Data for additional information.

TECHNCIAN() LEVEL DATE APPROVED BY TITLE  DATE
D. Bajula m Jan-012999  David Bajula W Jan01.2999
N. Ward I Tan-012999
REVIEWED BY CLIENT TITLE DATE

Basis for Technique
This technique sheet documents the technique and basis for performing UT flaw evaluation from the 0.D. surface when
approved by the Level Il and/or Client prior fo examinations.

Basis for technique: O Calibration Block & Mockup (Coke Druin Block)
(SDH's / Notches) (Notches)
Note: UsH -
b AUT or MUT Shearwave
® TOFD o & Longitudinal 0° iy

Diess

(COMMENTS:

‘The primary technique for this inspection was TOFD executed as a raster scan.

TECHNCIAN(s) Bajula / Blanshan LEVELG): — II/T DATE: Feb-13,02

APPROVED BY: LEVEL: I DATE: Feb-13,02
David Bajula

(CLIENT APPROVAL: TITLE:

DATE:

Coker Callbratlon Block — IS] Block
Froot (.01 Surfage Bagk (LIv)

TOFD scans (Borh D-Sea e B-Sean| performzd on  Cobes Drim Calibration beck. 1D, notelcs
wese ploced ar the Inconel weld edge aud i the middle of the luconel weld m indicated sbave.
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Typical Field Report

Guidle to Interpretation of TOFD Images
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Typical Field Report

Circ, Weld: #32

Marmeal evidence of B-Scan Locatios
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Typical ACAD Drawing of Drum

Drum 4
Welo 4

832 864 876 388 a0o ale 924
7 7e 73 74 73 78’ 7
Longview Inspection TOFD Crack Detail Summary D. Bajula
2/29/2004 Coke Drum: D4-W5 (02-26-04) Level IIT
i o Crack | Crack
Location from 0’ - North Thick. TOFD | Depth |Depthin
X - Circumferential | Y - Axial | Base | Total | Depth | from | Base
Crk. | Location | AUT Exam File Mat'l. | Thick. | from | 1D. | Mati.
No. | on Drum Name Start | Stop | Size |WeldCL] (B) (1) |o.0.(c)] (7€) | (B<) | Disposition/Comments
1 Northeast ~D4-WS-D-I7 | 968.8" 9954" 266" 10" 0945 1177 0538 0639 = 0407 Previous Data
D4-W6-D-17-M1 | 969.6 = 9966 | 27.0" 0945 1177 0431 0746 0514 Crack Growth
04" 00" | 00"  0.107" 0.107"  o0.107" DeltaDifference
Between foot markers:| 80.80' | 83.05' | 2.22'
2 North | D4W6-D-17 & 18 |1018.0" 1022.0" 4.0" 10" 10915 1194 0726 | 0468 | 0.189 Previous Data
10146" 1022.4" 78" 0915 1194 0668 0526 0247 Crack Growth
38" 00" | 00" | 0068" 00s8" 0058" DeltaDifference
Between foot markers: 8455' | 85.20' | 0.33'
3 North D4-W5-D-18  11063.4" 1070.6" 7.2" 10" 10915 1104 0714 | 0390 | 0201 Previous Data
10640 1071.4" 7.4" 0915 1.104 0720 0384 0195 Crack Growth
02" 00" | 00"  0006"  -0.006" -0006" DeltaDifference
Between foot markers:| 88.67' | 89.28' | 0.60"
4 North D4WE-D18  1003.4" 1012.8" 9.4" 1.0" 0915 1.104 0688 0416 @ 0.227 New Crack(s)
(Intermittent)

Note: Total thickness is based on TOFD data, not 0 Deg. Crack depth in base material based on an approximated clad
interface as the inco repair tends to mask the clad transition.
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Details for crack locations transposed
onto drum to facilitate repairs.

£
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All Coke Drums CRACK...it’s not if, it’'s WHEN?
2. Pre T/A inspection minimizes the unknowns

3. Continuous inspections allow for better
remaining life assessments.

4. All Drums can be reliably inspected with TOFD.

5. History suggests that O.D. repairs can be used

to minimize downtown and eliminate entry —
(subject for a different presentation)

14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 9
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


