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ABSTRACT

A study on Full Length High Temperature Chemical

Cleaning of Steam Generator secondary side of KSNP

Jung-Hoon Kim
Advisor : Prof. Goung-Jin Lee, Ph.D.
Dept. of Nuclear Engineering

Graduate School of Chosun University

This study analysed Free EDTA and Fe concentration change, sludge removal
amounts, the basic material corrosion rate and tube support plate MRPC result
of steam generator secondary side of Hanbit nuclear power plant unit 6 which
was performed the full length high temperature chemical cleaning being able to
expect plant thermal efficiency improvement effect, life extension and stress

corrosion cracking reduce of steam generator. The result is as following.

1. Free EDTA(Ethylene Diamine Tetra acetic Acid) concentration was showed
decreasing as typical pattern in accordance with increasing Fe concentration.

2. Sludge removal amounts based on FesOy was 3,001kg after performing the
full length high temperature chemical cleaning, additionally sludge removal
amount through Steam generator Lancing was 201kg.

3. Specimen corrosion rate of the basic metal of steam generator tube, Inconel
600 HTMA, was showed 0 mils which was under 10 mils of EPRI standard.

4. As a MRPC inspection result, sludge deposit amount after peformed the full
length high temperature chemical cleaning decreased 99.7%. It showed that
effectiveness of chemical cleaning was evaluated higher than a leading nuclear
power plant. Also, Eggcrate TSP signal as C-SCAN result was showed very

sharply and vividly. It was evaluated that sludge of TSP area was removed
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completely.

Through the KSNP steam generator secondary side full length high
temperature chemical cleaning of the above, it is expected to be able to mitigate
demage due to stress corrosion cracking at steam generator heat transfer tube

by the sludge removal amount is increased over traditional chemical methods.
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oate] A# owe] 2AY P nAATY Y Zo1wg)e] LA et ~AUdL A

e 5 R dgstA] kA welste] Ad ojHe 228 F7RA7]AL, A

=) o
9e #Ra b A JeAE Adste] ReAY B AU ALS £
datol A ool B A FAE FYsHE Aol Fastth Ad Ay

gl Azl FRA7) Aol BE SFAFAAE AR FAFAAE nA=Y
3 HARAL ol F], BUIAL] AFTHE AYS o §tel AR FAZ 57

= 2~
gk 4= gl
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A 2 4 ODSCC & dd 2 &4¢st I

SCC A 9l dAAMdFEolt} =0 Fig. 99 #o] Aol &A1 uf K
AN A #Hd17 (Brittle Failure)7} 4oy A4 2= Alloy 600 A€ 3S AFE-sH
= 7187 = SCC ZAstol Hekst A4S 7FA a1 ok HEgk dglo] Al

=

Hol wzs) Frlehe Fe wolw itk 53

e J

WA R = Flg 107} o] 1&B= &
At} oo} Fo] a2HF EHAE AAS] A% YHES v 2
SA Al H

Addae] E4dde] =W ODSCC HAF-9= F2 44 €44 v &
Ao, EAelA e HEF(Na) 508 Ui vk HEFS S84
S HAR SA7E A Eete] o] IFE g dow, oln AEE wAL
Lo = FARE el yerdth webA TlE el ofibs ARE-sho
Z3ts A AHE Zark gk @8 ODSCC 23kA19) Tio29e] Alg WL ul=
9] Lumsdenell <& 7Awso] 2PA wHE Ao, 19939 693 Yol
vl = Prairie Island 1%7] % Point Beach 2% 7] Z}7Z} A& = Au. 5A1 Al Al
TiO29] 482 #GFo ddo] JTd 45l AFsirt

e e
T
m
ot
filo

Fo A GREW BA L 7D NP A% FHE B Ashe] 3]
Wi A 2AsE o] wEAs BA 9w Agste Be
% SN HEF S Fol
F55E @S welste] zusjelor duk o Rokel sl%e v
QRO ge wAzolA of W ANtk BA Bl Y

]
xlel Hls) of 2~3 wf =/ ez, SA =HE 10(FH)ez2 FA 8]

=T

A= BEFe] 215 03~0562 F4stojof s}, a8y EH)7F 03 ost2 7
2etA AR 2 4 e, mae =Y HaAe oF 0307 dEe] Agdde
Q}: 0.7011:]_(4)

_18_

Collection @ chosun



Materials Environment

Composition
Heat Treatment

Cempogition

Temperature
g“"';"’"g‘““m‘ Electrode Potential
urface Conditisn vt

ssang

Fatigue

Strass, Strain

Service Stress
Fil-up Strusy

Residual Stress
Strain Rate

o, SO RO e

Strain

Fig. 9 &2 d4 T4 7]od7

SCCIERIBIA]

L1} 0 40 80 8O 100 20 40 180
 YG#3D  TG#ET # YGFIE # YC#dJd * YG#FT YG#48
VG 45 s UCESS 4 UCFI5 a UC#3a a UCF32 o UCHes
& UCH44 & UC#s3 — Sludge Zone

Fig. 10 SG 2&#3 £u4 574 999 3PS WALE
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B ol g AAsE Aol P Ao deid doh?

(2) AR

S71EA7] 225 E9A AAE A% HAAHkE A B =4S A4 AAS A
AlgleE Bt AL A 3atA Al ASCA (Advanced Scale Conditioning Agent)
AR, ARFAE ddd a3 Ad Foolvt st AR sEA8(a Top-of-
Tubesheet Chemical Cleaning), TSP, TTS, Full-bundle Bulk Iron Deposit & % |
71870 BAHE EYAE anFow AAGE e AF FstAl el Aot AlA

el we ST 2A F4ES Hrkekr] Akl QT(Qualification Test @ 54
H7HE AARG QT = S71dA7e Ze 9 edolde] wa seAFe] 4=,
el JAGY g5dde] e AgeA Aehet o % AR SE Edsta
Jom, Az FAE HJrhE Awgste] @FHE v, AFEARRA 2P T xARR
g4 5 A A

(3) #A (Lancing)
ARl Hydro-lancing ¥ 541 M#H-& A Cecil-lancing W S°] A
oun FAZE = B AE BAASHA AP AEst SA E9971E NS el

A e Aoz delA Yo
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A3 AF ndgAAFe] T4 L AFEY

Al1Ad AR 1238 A4H 9

ol
%)

A &A= EPRI/SGOG(Electric Power Research Institute/Steam Generator
Owners Group)3 & ¥ KWU (Framaton ANPAFS] KWU/Kraftwork Union) &7 °] 1
o7 ® Aol EPRI/SGOGE AH&slgith A834e bga 2o S71847] 2
A5 HAE AAstE S0 SUAE SeefEe AbEete] &aleto] AT Al
Hel A 22+ 121C, AMAES = ddEdd 45em, AB R F8 FF2 AGAR
Ammonium-EDTA, HF2dA A= CCI-801S AF&3tH, dto]l=g} S AFE3le] F7]
HA7] dEdd 9xEHY Tube Sheetl F&E 2ALS AAs ddd
TSP(Tube Support Plate) AFe] Creviceoll A E EelAE A AS. speA| Aol A}
GoFE O 2= Table 29 Zom® oFE3} 21sld o

O
e

gae vt 2

2F6304 + NoH4 + 4H.O — 6Fe2+ + 120H + Ny
Fe + 2H,O — Fe,  + Hy + 20HFe;  + H(NH4)sEDTA — H(NH,)Fe EDTA + 2NH,

Table 2. A% n23sAg FF =A44%
Chemical Concentration Function
EDTA 10~20% Cleaning
N-H, 1% Reducing
CCI-801 1% Inhibitor
NH,OH - pH Control
- 22 -
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sl M AFAH L Fig. 117 #Z9] Checkout Rinse Step, TTS Crevice Cleaning, Iron
Removal Step, TSP Crevice Cleaning, Low Volume Rinse Step, Full Volume Rinse
S AHA AAstar 2 GA" FAHQ AFES g 2o

2. TTS Crevice Cleaning 4. TSP Crevice Cleaning &. Full Volume Rinse

1. Checkout Rinse 5. Low Volume R1nse

-\V % _QT /5, st e _QT %

I\UBJT[IHQ
e
NI

S SEEEEme

93T~121T

| Eaiom st s s o

Toksl 20 Vierks 305 m
Tootal over 55 Vienss of TSP 111

[<—— Chemical Cleaning 10 Days (232 HRs) —|

®i5cmabov TTE @ 1m-05mabove TS @15 om above TTB @ 15 cm abave Each Target TSP 81 m from the TTS ® 20 cm above TTB
® Domi. Water @20 % EDTA ®20%EDTA ® 20 % EDTA ® Domi, Water @ Do, Water
100 ppm Hydrazine 1.5% CCI-801 1.5 % CCI-801 1.5 % CC1-801
1% Hydrazine 1% Hydrazine 1 % Hydrazine
{ Soiven [ Sama Sobe
TTS Crevice C-zr—l:b:on ™ Mcwnﬂshc

Fig. 11 A7 a23sAd 4=

ARG Ax 2 i AsdAsty AdE(CV, Containment Vessel) BF 4]
s Ko Ax dAZE CV Free access =4 &
HdEYPes &3l vhgete Fxe 747 ddst. 7147 wies g4s
5t & Hand-hole & € FAE A4t} A4X4H o2+ Blow-down, Secondary

drain, Secondary-manway ©]t}.

2) A A AR FA (Checkout Rinse Step)

ZAT e AASE A8 ol del ARFA A5 L4 AHUE s,
ARGAE B9 He3 Whe Fbol Mpdd A 5 FF oRE ddsts 24

./_":
oty =4 sfo IEE‘r?ﬂ(NzH4) 100ppm= E#3F oF&= TTB &%
o}

o] 93C 744 7besta A7 9 7+t (3bar—2bar) 3F 3,
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NG 53] SR o] F A2PY L 5T ok YT AT O3C) kel
FAYAE APy BeA AxY £ 9B F SANEE do

3) #AYF EA MA(TTS Crevice Cleaning)

EDTA 20%, NoHy 105, F2WAA(CCI-801) 15%E &3t oF 93 TCT=E 7k o3l
ARNe AFgee] o I1m 744 FYete] £33 & TTB 45 oF 05m7bA F&
wj=akar 121 (£5) T2 7F23 5 MSADV(Main Steam Atmosphere Dump Valve :
FZ=7171d = B )9} MSADIV(Main Steam Atmosphere Dump Isolation Valve :
FE7I7IdzAguB)E Jidete] AT 2 HdEH Aol HAH EHAE &
A 7E FA ol

el

4) A& F A (Iron Removal Step)

=713 A 7] TTB(Top of Tube Bundle : FHEUE )] 15em FH7H4 =449
AR 2EF oF 93(+5) T2 FA 2 £3A7IHA F71EA 7] TTS, Free Span
2 TSPl EAE SHAE &3ir71= T4 ot

5 #AA ) EMAAHFAH(TSP Crevice Cleaning)

Z7)1a A 7o FYPE AN xS ¢k 121 (#5) TR 7} - FAsAA], Z7] A
71 TSP 119l A 197b4] 7z} g a2 =95 S35 7ie wg S of 5314 2 A&t
AAEHA E Collard €8 AE AANNE FAH ol

6) A49 4133 (Low Volume Rinse)
TFE SV F Im7bA FYEt L AAAZE T owgste] S|y At

o Ao o] A Ne wEetr] A% SA(F 53 AADelHh

7) AF 5 M FA (Full Volume Rinse)

S71EA 719l oF TTB 20em 7HA 575 FH8te] oF 121 CE 7 2 3"
3] X3 F o] 2 uFFAFS o] &3t F7|HAY] uF-of A wj@e] zho] Ak
S 3] AAstE Tl

il

(o))

ol
o

4

ole} 22 T4l s AStAAE s oM, AP A FHe wrgst
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-

of 3tetAld T8-S TAIZE STRAIA F 232417k EE sty 1Eal S8 A] e
Yoh(rain fal)= Q13 TTS & A HAFo] S7lH= A WA Al A7

< <8 A &dF s AT AE TS 514

)
Jo
>
ol
R
o

< A" T 93+3Tol

A 12123T7HA =38A 71 13AIE s =55 FA AT "HA &8 A(Sticky
sludge) A5 918 A=A AXAYW AP S d53 & AT FASE 2
Al Al&s] FAFE FY sk %ZdZﬂZ:(dryout) WA E T3 94 1¥stE AAst
Ao, AF FATAH FATY 228 =
717 W b AR okE HASE 9l Xi#" FAEAH Al A2(N,) sparging

dom A4 FAEA Al venting 34 (73])

Ll
©
S
@)
o

o>

(o2
>~
=
r>~l
N
-~

8 5} o] ZPZ:QF%PJ &=
P

o rulo

60°C ol %7“]74 FHE AR FE §=o] &olates T
121C7HA 742 -@%8}01 ST W E okES HWE AAsEAT of
£ ventingst”] $13] &

AHe= FA4 7 S/G Secondary Manway = 27k 719 & MSADV, MSADIVE 7w
3l venting &4 (Popping—up &3)< 57}t ch.

slstAld A ECT(Eddy Current Test : SFAFEHAIE) AAMARE BAA D EA)
AR Ao whgdete] Se1A A Holgd 7|We R venting 3l4E XAsHH
gt o AARG TIHA AAAY EAARS FEE 7 AAT. LY E2A
A o] We TSP 9%k ~552 venting 355 7|<E 5304 732 F7HAIZ 24,
Aoz &A FAgFo] & TSP 114, 109, 3¢, 2%, 172 we 35& l—: 5
352 EArh

el
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A2 AY nessAde Ase A
1. Free EDTA% Fe ¥x W3}

Fules 7)ol stshAlAd s AT Fet Fig. 1294 o] Few =7l 57l wel Free
EDTA(Ethylene Diamine Tetra acetic Acid) =7} Z4ste A1 UGS HA
t}.

TTS Crevice Cleaning &35 ¥ Crevice Cleaning & A 7}4 Fe % & i1X+ SGI1
14556ppm, SG2 14,668ppmo. 2 el %t} o] += ??}‘ﬂ»‘éliﬂ Z‘i}fﬂlﬂxé T3 ZA] Fe
% HA(SGI 24,335ppm, S/G2 24,265ppm) tHH| w2 o] f
71ell wls] FHd 71kl Fol &elA] my o] 27| wjiE<d
o 345 7] AYS wkdEle] Iron Removal & 3olA AAAE 121CE 7F3F F
13A]7F <t o zA v G Se1A BAS HAstete] AA F SR H
gto] &l A7 #oli= A’ (Rain down) A s 7]dsts Aoz A

ri

Maasured Fe

30,000 250
TS frevice Cleaning Bulk Iran Remaval TSP Crevice Cleaning
] 200
Yy F-EDTA
"
el " I it ]
-? i o —a— HE4 SGA Messured Fe | 150 3
= ‘ 11D 5G0 Memsured Fe 5
8 . =
= dal) = Ik S5 W e ]
2 1  HEE SGA Mussaral Fo £
§ = 1 g
g . : - HEE OT Messured Fe
E » K ‘,‘-._l']"' & ";‘I ||| | | —s—HB4 OT Messured Fe L 100 é
= e Fo A/ -~ o il-_-ill' —s—HE4 SGA T EDTA =
= 10,000 T F ‘ l_;;T'_l".""-' o 1TA | +— HE4 568 F-EDTA Jé
¥ Al sailr |
/ | o . ik b P | ‘| NG ST FLDTA
' i g}!-""l = ] —e— MG SO A
/ -..:1. ! II ——HB6 0T T DETA 50
5000 — , ~ g |—=—HBsQTREDTA |
[ - = I|I
| [ e
:rj:.r’ i
o i iain n g paiijuin] g

o 19 o N 0 5 60 7o S0 90 100 110 120 130 140 150 160 170 180 150 00 210

Timelhrl

Fig. 12 Free EDTA ¢} Fe 5%
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2. ¥A AAZF

=

Ful6z7]e] A m2sttAAgel dig ASAY F 244, gREe SYAs
AFZAAA G (757%)E0oH, AANG EAATAL BAAA EQNANLETA

al
oA oF 202%9 A7t AAHAT. Tl AFAEES F3100%2] A &3

Aee FAL 5 dom, dPgr] el FHE Lo FARel o8] A
@ oA AABE 100062 AN ATh FR6ET AFAHNA BEH 2eA A7
F7e o7 #4¥ EPRISGOG 349 AZAE st Pqshs s7olgom, 5
3 mA #AAR BA HHB AA EF 100% @

o

o] #AAA FAA G ERAoleta Addnt #AFE Collard
68%°1 4 100% Akelo] eI HA o= 92%7F A A= At
65 719l 9xF A AGAR (9F7]) 7Ixbell ST 2259 A 1

AAG & E8A AAF(FesO4 715)2 3001kgel R om, F7HH oz A2
<82 AAZEL 200.1kge] QT o= Fig. 137 #o] 857 uin] oF 30u)7F =
ojm, 55 7|9l S A AAFRTE oF 24u) 7} F7Feksit

OHﬂ ol
ot o

o
2

250 -
200.1

R oo
c
(e}
@
[0}

150 -
Q
8
2
£ 100
=]
w0
UE 50

0 - m— — — _— . | | _—
1 2 3 4 5 6 7 8 9

SGCC & SGeC =

Cycle

Fig. 13 Y = S71'447] a=4#] AAT
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SG 242 A AR F FALBREAPY
Ste] Table. 39 EASIGTh 758l Freet ©

et Y, Galvanice o] F&4&7ke] H

Fe6571e] A meHsAA F

I:I/\]Eo

S 0 mils® ¥2o] WAt ko,

A A8 e

Inconel 600 HTMA®S A]#
A 9

=z 12
o]’é‘u'—ﬂ‘

(galvanic)®] 7% Aol we} a4z 7]o vl tha wgtoem, EPRI 71&A91 10

mils °]st2 WeEbyth B3 A u23 A ASAFQT) Al aﬂ’;},ﬁ_ Ao =
2]&¢l 534milsoll thr]ete] L23}sHAA 7

of dlFAlel F-eol= FoT As

Fo
ng,

LA -2

2 359mils= =

B
%]

Table 3. EAe] FA ZEFHe ogt FA5 AF SAHAIR(ES] @ mils)
2w #9457 U657
< SG 1 SG 2 SG 1 SG 2
Galvanic 3.88 3.97 3.59 3.54
Inconel 600 0.00 0.00 0.00 0.00
g -
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4. SG AE{# #AAA Y MRPC 23

SG 225 HA a2ty d- SG HAEd 1007H(TSP 1~8 ©hell sl ECT
MRPC(Motorized Rotating Pancake Coil) #HAMS 738313t} Table. 4 2 Fig. 149 o]
ArVAT S § S8A] B A7) 99.7% Fhaste] dasr)el vls) st a2t wlg-
Z Aoz Hriwglon C-SCAN Z¥% Fig. 159} o] Eggcrate TSP A&7} A93ala
Ak dgstA vel TSP FHe] S A7 738 Al | Ao 2 F7hE

r_l

Table 4. 3}8tAl7d -5 TSPH(1~8 ©) &A1 HAF T2 Bl (9] 0 %)
() 100/ AL TSPl dhsl sketalg % z

TSP <
~ v 01t 02t 03¢t 04t 05t 06t o7t 08¢t
SG W%
Rl 2.4 1.7 7.1 215 40.0 31.0 39.6 24.7
01
R 0.00 0.00 0.00 0.03 0.10 0.00 0.00 0.00
Rl 2.5 1.0 3.5 13.8 26.1 28.9 20.3 16.3
02
R 0.08 0.03 0.00 0.10 0.18 0.13 0.13 0.00
400 39.6
400 300 28.9
26.1
§ 310 §
i 00 7 i 03
% 215 % 00 163
g 10 By 7 b Ay
p JEE @00 EE
100 4 71

0IH 02H 03H 044 OSH O6H O7H O8H 0IH 02H 03H O4H OSH O6H O7H O8H

TSPHS TSPHS

(a) sF3hAlg A-5 TSP &2|A Hal(SG0D)  (b) 3HhAIA -§ TSP &4 HaL(SGOD)
Fig. 14 3}stAd A5 TSP &2 v
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(a) 33t d TSP MRPC C-Scan (b) 33tAl ¥ TSP MRPC C-Scan
Fig. 15 MRPC C-SCAN
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- =1
}E 7 F e A )
A7) 221Z9] Free EDTAS} Fe 3 =W3slel 8% AAY, RAZAE D A9
A A MRPC Z2¥& #A8tdth. 1 A3+ o5 2

S R R EE

At & &8 A A AZFFe304 7)< 3001kgol o, F

= = A A A= 200.1kgo] L Th.

3. SG Al#e Al Inconel 600 HTMA®S] A|H R 252 (0 mils® H2o] wAs}%|
grokom, EPRI 7] X<l 10 mils o]a}= YHERS:

4. MRPC #HAMAH 3 AA § Se#] Aol 99.7% #aste] da s 7)ol Hlsf 3t
St g7t vl 2 Aoz HriEdoen, C-SCAN A3 = Eggerate TSP 2%
7 Astal Ilax o g stA yUEbY TSP 789 &A1 7 Z3EstA AlA | 3o
2 H7hE AT

o
o
iy

ARG S8R AAZe] S EA ODSCCO o3 Ada &4 ¢4sd +
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