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Analysis of Chemical Cleaning for the Top-
of-Tubesheet of NPP’s Steam Generator
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'"KHNP Central Research Institute
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Abstract OPR-1000 CE Steam Generator, of which tube material is composed of Alloy-600 HTMA in nuclear
power plant, secondary side is generated ODSCC(Outside Diameter Stress Corrosion Cracking) due to the
accumulated sludge. ODSCC is centered around the tube sheet and is being affected depending on the height of
the sludge. Chemical cleaning was carried out for a top-of-the-tube sheet(TTS) of Steam Generator in order to
decrease corrosive condition of the secondary side of Steam Generator tubes and suppress the occurrence of
stress corrosion cracking. The amount of sludge removal was 259.2kg. The height of the accumulated sludge
was reduced from 0.71 to 0.34 inches. Corrosion rate as the maximum 2.34 mils was satisfied to within EPRI
(Electric Power Research Institute) recommendation(10 mils).
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[Table 1] Steam Generator design specification designs
on domestic nuclear power plant

Model WH-F OPR-1000 APR-1400 \xE_iZg
K-2,3,4 | Y-3~6 U-56 U-1,2
NPP & Y-1,2| U-34 SS\I;_II”ZZ SK-3.4 K-1
Design WH CE CE WH
Manufacture] WH Doosan Doosan Doosan
Tube
Material 600TT |600MA| 690TT | 690TT 690TT
Quantity | 5,626 | 8,214 | 8,340 13,102 ‘:gii/
oD 0.688* 0.75% 0.75¢ 0.75%
Thickness | 0.04“ 0.042¢ 0.042¢ 0.043%
JArrangement| Square Triangle Triangle | Triangle

I
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[Fig. 1] OPR-1000 Steam Generator
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[Table 2] Status of Steam Generator 2ry system main

material
Steam Generator Region Material
Lower vessel Assembly Plate SA36
Support Plate A176 Type 409
Cover Plate SA508-3
Handhole Cylinder Plate SA515-70
Rod SA36
Tubesheet SA508-3
Outer Cylinder SA508-3
Economizer Divider Plate SA508-3
ETC SA516-70
Blowdown A500-B
Clamp SA36
Spacer SA516-70

[Table 3] Estimate for sludge deposition

Deposit Region Weight
Kidney Zone sludge 31.14kg
Tube side sludge 82.35Kg
Shell side sludge 0.051kg

soft sludge 11kg
Total 124.5kg

[Fig. 2] The form of sludge deposition on Hot leg Kidney
Zone
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[Fig. 3] Flow diagram of chemical cleaning
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[Fig. 4] Schematic diagram of equipment for chemical
cleaning
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TSP(Tube Support Plate) A}0] Creviceo] &= & X]
= AAzI) 3lhM Aol ARROFE 0 2= Table 49} ZTh
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[Table 4] Chemicals for Chemical Cleaning

Chemical Concentration Function
EDTA 10~20% Cleaning
NoHy 1% Reducing
CCI-801 1% Inhibitor
NH,OH - pH Control
oFEo] O3t WAl thawt ek

2Fe;04+NoHy+ 4H,0 —  6Fe” +120H+N;
Fe + 2H,0 — Fe*' + H, + 20H
Fe*" + H(NH4);EDTA — H(NH4)Fe-EDTA+2NH,"

3.3 3EUE

SISt A5 4 2 Equipment Set-up, Checkout Rinse
Step, Iron Removal Step, Hard Sludge Removal Step,
Low Volume Rinse Step, Final Rinse Step2 7 A A] AA]|
aha 2 A ARl Ale g )

3.3.1 Equipment Set—up

AR A7) B B8 A5 REe Cvit 3 A
W JLgAe AxEth oV R
Free access 271 & HIAEUS Sl REdsto] Fx|et
214712 AAT 27 S 9RO 5
Hand-hole 52 o] 44 AAgth AFAHoRE

Blow-down, Secondary drain, Secondary-manway ©|C}.

3.3.2 Checkout Rinse Step

A ST R dag wRskar ] A
T B ARA NS Gdste] 529 A 2 oRE Fole
2 g AR 45eme} o}OICEW 200ppm-e FU7ITE
SEE RIC/H 58 F s gL 20kgarii]
2ol & zholstt}. 9F2l(SG AR Blanket)S AAR 8-
k.

3.3.3 Iron Removal Step

A8 £UAE AASE GAlIt 9 & FEes
TR 45emE F-A|5HIL EDTA= 17.8%, F-A]AIA]

CCI-801%= 1%, 3lo]|Zaldl 2l 9343ppme G-A|5H
o &% 9 9}2e 93T W 0.3~1.0kg/ers GR|5HC.

3.3.4 Hard Sludge Removal Step
B SRS AATE WAl ) % e
T 45emE F-AI513 EDTAE 12.038%, F2] A
Al CCL8014 1%, Btol=etal i 7,509ppm e 4]
gich 2= 2 oFEe 121 ¥ 1.5~2.0kg/arS G5+
t}. Iron Removal Stepof|A] ARE3F QFZ-S Ald A3}
o} E3F A &%) g3fol EDTA ¢F 5.8%7} &M% itk

3.3.5 Low Volume Rinse Step

AeRE Wl T U oHEE R Alael
olck. 291 Thak AR S0emE Ak Sl =kl 5
T 543ppm ©]QU}t &= 60Coln AL 0.3~1.0kg/
ai XSS & 282 Ak

3.3.6 Final Rinse Step
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[Fig. 5] Fe and Free-EDTA according to the process of
chemical cleaning
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[Fig. 6] Cu and Free-EDTA according to the process of
chemical cleaning
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[Fig. 71 N:H4 and Free-EDTA according to the process of
chemical cleaning

™

4.4 2R A 5

sispal ol 2718 A7) 2Rl mlAE dake Bls)
L o S
T O —

7] $18l AlEE Ax|ste] mAje] ]| P& Zelst
At
O AX]$]#] : SG Hand-hole &% F=2A}of AX]
0 A 2 2 : 107)/SG
O AJHA7] : 12,55 x 7635 x 229(7}&/A|2/%H,
mm)

Sk Seldut Eol AR ARt on HAg
2 A 2.34mils= 4] EPRI PIAFEF] 10mils o] j& gt
Zsigla, AGTe A HAo] g Aoz WrEg

4.5 X MHE

st oz AATE FE 192kegoaL IekAA
PO 2 Lancing© 2 A AH 2 67.2kg 02 SAATF
2 252.2kgo] ATt

O SFEIAY ATH192kg)

- AAE : 12.55m' x 1000 £/m’ x 11,066mg/ ¢ x 1.38

+ 10° = 192kg

- 88 Fe'sk/ H3QIA} : 12.55m'/11,066ppm/ 1.38
O 3}y JFFo = QIFE Lancing ZaK67.2kg)

- AL : 98.76kg - 31.56kg = 67.2kg

- Lancing© 2 A|AE F5F : 98.76kg

- o3 geko g ZrbE 9F : 31.56kg

p TN M g

2047



Farakely| &l A) A 147 A4, 2013

[Table 5] Results for corrosion test of base metal in
Steam Generator

Corrosion
Sample SG Region Type Rate  |Location
(mils)
A36 Galvanic 2.34 SG1
Patch plate
A36 Free 0.39 SG2
A508 Tube sheet Free 1.01/0.6
SG1
A516 Secondary shell Free 0.49/0.52 SGZ/
1-600 Tube Free 0/0
409 Tube support plate Free 0.02/0.01

Contact with Carbon Steel A36 and I-600

Alone Installation

% Galvanic :
% Free :

4.6 ECT A&}
Bkaer %) 14 ol 0717004 034 917
2 ot

5 2 B

FY QA acA AT A Alloy-600
HTMA <] OPR-1000 %—7]‘?-:1'%17]9] ODSCC ‘?—Vﬂ il —‘,j—/i],
273 7hael Pao] HH8 SEAe) AAS e 5t
ARe S5 ATe e 2.

1) T 5217 ol Sahe 240kgo| 900, A7) A A%
£ 259.0kg0 2 Z7|ukA7] Pk Abeko] AHE &
27)9] friro] A7 Ao W

2) ECT 24 A7} ¥4 4217 %ol 071 1A|oj4]
0349172 Wolr}.

3) Balgo ) 2.34mils=A] EPRI HAFEF] 10mils

oz gHEslgE, AT Halo] itk

References

[1] EPRI, “Characterization of PWR Steam Generator
Deposits” TR-103048s, pp. 2-81-2-84, 1996

[2] Jae-Young Lee, et al, “Prediction of SG Support Plate
Flow Area Blockage Rate Using SG Wide Range Level
Measurement and Hydrodynamic Analysis” Journal of
Nuclear Science and Technology pp. 753-762, 2009
DOI: http://dx.doi.org/10.1080/18811248.2007.9711582

[3] Kazuatoshi FUIIWARA, et al, “Applicability of Chemical

Cleaning Process to Steam Generator Secondary Side,

(I)” Journal of Nuclear Science and Technology pp.
44-54, 2004
[4] Kazuatoshi FUIIWARA, et al, “Applicability of Chemical

Cleaning Process to Steam Generator Secondary Side,

(II)” Journal of Nuclear Science and Technology pp.
275-288, 2005
[5] KHNP-CRI, “Chemical Cleaning Handbook” pp.

157-185, 2011

[6] Chang-Soo Kim, et al, “Scale Thickness Measurement
of Steam Generator Tubing Using Eddy Current Signal
of Bobbin Coil”
Nondestructive Testing, pp 545-550, 2012
DOI: http://dx.doi.org/10.7779/JKSNT.2012.32.5.545

[7] Filippo D'Annucci, et al, “The 25th KAIF/KNS Annual
Conference & Nuclear Industry Exhibition” pp. 52-56,
2010

[8] EPRI, “Nonproprietary Corrosion Inhibitors for Solvents
to Clean Steam Generators” NP-3030, pp. 3-1-3-12,
1983

Journal of Korea Society for

0| 8t #(Han-Chul Lee) [M3]3]

* 20074 29 : <lstefsta stakE
st (Fatatab

° 20079 4¥ ~ @A : Ty
AA=(F) T4ATH AAHAE
,Od
<TilHol>
A st 9 7, AHEst
M 7| HiKi-Bang SUNG) [A3]¥]

« 1986 29 : AA|TstaL St}

Q)
e 19894 29 : KAISTY AFH¥
ShI(F a4 A

e 1987 29 ~ 2001 129 : St
FHYFAL T

20020 19 ~ @A AIHY
IYF) Fgazd B A

o
R

2048




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


