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An Overview on Degradation of Primary Moisture Separator
in Westinghouse Model F Steam Generator
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Abstract

The cause of damage of the swirl wanes at primary meistuore separator of Westinghouse
model Fosteamn generater (53 has been investigated, and owverall countermeasures are
reviewed, & case study eon degradation of 5G swirl wane in fereign plants wwas performed, the
chemical compeosition of the damaged swirl vanes was analvzed, and cauvse of damage was
mwvestizated by analysis using CHECWORES code, The cause of damage is analvzed as the
FaAC (Flow Accelerated Corrosion) or Liguid Droplet Impingement Ercsion due to use of
carbon steel with low Cr content and lew strensgsth, Use of pH control chemicals potential to
FAC increase is analvzed as ancther cause for FAC, The immediate countermeasure is
replacement of damaged swirl vanes, It is recommended to reduce FAC that the swirl vane of
high Cr content and high strength material be used as replacement swirl vane, The pH

control operation by alternative amine can ke a method of FAC decrease,
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warne separatori‘} HAEM 9T, 2 vane2 4M2] bladeE FEIDM WD 0] blade:s Y hubgl
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BE =] YA€y 25 2HE 20 282 BAAA I o] BE B2 downcomer S Eil
MR} 231 SEEAINE molsture separator housingWo] heok-and-pocket tvpe2] vane?2
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E: A Cr T B442F FacH HUT AHEE 4] S0l D, 54286 GriC®] vield strength}
30 keiZ HAE WO Halof o5 249 M= HE AT + gHoh
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- Design Condition ¢ 1186 psig, 600 °F
- Feedwater & steam flow rate © 515 kgfoec
- Stearn temperature © 5345 °F (279 o)
- Steam Pressure @ 920 psia (6,34 MFa)
- Steam Guality 99,7522
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coefficient), &= ZZE A4 A (fatizue ductility coefficient), be ZTE X A4 131 ¢
= oz "4 FAs0|n o] ZA= I 1500 YERY It O399 Al bit o= ©HEY ZE Al
{strain-hardening exponent)?] n'3 TIS3} 22 BAE =L}
ﬂ'=—i (9)

0] 20 2F fatigued T material®] EES "IME 5 9ICh

A0 UutE S B strain ALE O WE HEBETE stress Ao it E8S o] 515910
olofl it ZWY applied stress-number of cvcles to failure (S-N) curve® 0] 0] EFHCY
Engineering stress{3)2} T THA2] cwele (N -T2 202 2] 8-k A= O |
L} o]t 200 Tt a2 £ AR == OE 2 Ads] O2Ard OE HEE 2 4

=2 aF A o
B= g+ 5L

g
Lo ay = @y’ (2N}

Stroun amphilude {1o0g scaole)

Reversals 1o Failure (log scale) LOG 2Ny

297 ¥ 3719 T 2B AL 298, SH-20 DAL

3 24 % 24 A3

7k 8Ll #A4F A 2 A

MY A tEEY AA=ESIEALY SILEIAN A &AL SAESstE =A T
AY2 EFRIE] E97] 29 Dominion Engineering, Inc ™l 2= 5Hd HRstHTE #2420 & 1
2L

0] ZAED HA"EHSIRA B F SIEENE AREStY s sz A3 Callaway A4,
Wolf Creek H3, Vogtle 1Z215F 227 B Seabwock FHAAY SILEI SEE A st
HAE Halstg ot 2abadE goith Millstone 3571 Y Vandellos 22715 SEE2] 7o et
HAZ A HASE 9] Lokt I3]0 FE RE MF 9 RIFE AEHY 43U Suny 1, 2%
71, Turkey Point 3, 4% 7], Point Beach 13 7] & Hokinson HAA i 2A1E A SHELH
o2 A A Surry 1, 2E2100A 89 - WEA swirl vanedt barreld] =ab0] wAE D, oA
SN AL Bt 913, Ao 22 S2LENE pAT F80] 1M &40 AR
‘80 - 90 IEA L] 22tE o @R U] obst hydrazine(eF 20ppbe] TEIE O]EE] 58 - 909
pHr(HE 22 B2E pgH)E FA5e =38 stEE sHAT ool o] 2 &3t wane &£
Ats 01 RH A A o

B R

Bt 32 b
4 1y



T 1, R2 F S7987 SE 275 FACH =2TF &=AHHR F AL AR
Arod =2 24 0]
o HLD = =
Flant & o pael 2 &5 A z A} 2 7
L 72 FH = FIA 9374
Callaway ‘a8, 4, Union Electric Fortdd HAstEA T 2ag s
Wolt Creek | ‘g5, g, |'rolf Creek Nuclear) oo syspoazor zaggos
Cperating Ce,
, : | =79 ewi 5 Ads 4x
Millstone 3 86, 4, | Northeast Utilities | 1278712 swirl vaned] ™ = 24

‘87, b

Wogtle 1 & 2 ‘89 &,

Georgia Power ForEd AA|SEHA O 4

o)
MNorth Atlantic -
' - F0tEAE HASIEA T E8gAE
Seabrook a0, 7. Ererey Service Co,| = HalstE A o) .

oo} 28 gF T AIFH S/CE AN AA

Sumy 1 &2 | o0 0 | Vighia Power | o 248 YA, The 2UEY DAY,
T AR HZE 517 2E
Turkey Point | "82, 4, Flerida Power & | o o1 aa1sie 710 2arei ol
FPoint Wisconsin Electric .
' SolAH AislE 70 A e
BEaCh 1 B‘i. 3. POWEI B L= e = ]D]-M'R'] —_ n:hai.un:l
Fobinson | ‘410, | C2Toms POWer & o oio wystanm zagas
Light
JE} B2 FH 2 7tA g
Vandellos 2 ‘s, 3, Endesa-lberdicla | SE2E27 AAJT A g,

ABB/CEE 3 Tt FALAR] 2AE #5H Main Yankee ¥ T San Onofre Ao thal
ZilstEL CEE HAAAME H]=%h &40 5 spinner blades(W 22 FEL swirl vane
o H]==)at can(W 28 FE &) barreldt H]=2)2] Hofl A &40 GADA0H Main Yankee F3
Mz 3 SR A= 24 EE sESdE Y128 Ba T i 2EKC-1HMe T2
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FACE RLAIE 38 W4E 2L, 5% pH, 394 2318 257] U ally 42 (53] Cr
ZE)ES 5 4 Ytk I £E2F YAUS Yok Waz: £ MY AT U FE
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928 Ti4 P2 pHE ZAZI ST pH?t @S ZF FACE Z716HA o 219d HREE]
Ozl Z¥ F —J‘]"l,:'-”ﬁ?] AME HEE ETAst Z& oA oS AMEStD 13, o|ffft 232
YEYOEE =88 28w AZoMde] pHE dtdez F3 3} 0]210] E] T E
T2 F DJﬁ'I'ﬂ'] E&h0] SAHA] #EE 0fE E8E 4 SOE Vogtlk 1, 2EI= HEUOH
-hydrazine =3 E 12 W o o]ZTh pH?T 98 ~ 932 =A 3D 9 £4&5 0=
EZMNE F FA2E oEELCE

2Tt B4 BRI = FACE HMatH ©os o goloith O o2 EE4490 48 &
SLE = WA 4 ppbs] ES4E FEM A FACE 2RHE E324hE ZEWHEA 25 34 H
ZIEIT}, Hydrazine AMES B84 BRI E sl HL4TEE T4 AH FACE 7M1= 89
ez ZEFNET T} Gravelines 234F 2|4 2WEY hwdrazine-L R U EHS % ol%
tube support plate AR FACTE &Hs 2oz Z=F 2L ol 9oz A" £ 3
Ch 22 o] 2H AT 0ERE 120 ~ 130 ppb S04 hydrazine 23S 517 2t 3
2l Y E, S+Wd AEFCud)s] ZE EESH: s Z0he 25 E4E &4 ECP
(Electrochemical Potential)& S7HA1712 FACE T4A71= ZAE 204 0310 2EPS 2
BINE AtEsts @=2 fdolA B00ppk 012 DZTE hydrazine =AM E S77E-E7] WE
A FACIT 28517 Eé*f OlEA EEE 5 0L IHEE g22 Y33 Robinson
Vogtle HH2] HE2H, TEL hydrazine =3 MEE FAC 271 8E T = @31, O
AN BEH A "é”.’:?a dHsA o Tl EES ¥5 4+ SR

FaCl 3 SEZZ alale] 7iz £25% goez § £ &= 20 AE= dzdE20|Th E3
Cr s 248% 228 FAEDD 2o sHATF &40 O ¥ 2R HEE ERe o258
OtE 2ale oy 23, 92, Eg2% do] @ 455 22 2o T2y Z2RA A %E} a9
B FEEDIH AMEE =4S Cr TEE MIA Y M e oebA gtg 4 o S
BRI B SIYEI] AAME nAT ¥ ABB-CEE 3 W Surry 117"“?% =HE T
WA 0] gwir]l vaneS 2725% Cr 23 T2 I Cr TLo] @222 DA FE o] SEEDT
EAPEAIE ST ZEY g Zlojg

Lt 371987 A AE EF 74

ST A5l Zo] €2 28 F 4934z stz SEEE AHEEE MFA S
o] 24 TF Z2HE £ 511 oo T2t FACS FEEZI g2bE 4 ST dzZ]ske EHE
12} S 2237 swirl vanes] ZEHEES BOF A Ze] mpasty] s AEE AASe (IR
= oH5EL O 0= § 23t E0h AJHEE Rﬂé‘é ASTM AZBE Gr.Cst FAFSIESU, Cufl
0] ok AE Z2E LUENRT, UOE E2 F 4] S79dEr] a2 e EE e
E © 4= AT FACH & ETS UAs Cre 2k ZHAS & o, 24 TW 23
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SFEE2]7] swirl vanetlE M2 ¢e &AM HEEY JHEd, o] £ AN -f'_“-*‘e.*ﬂﬂ 0] &
s s B #el HEEY s s 24dE BHstEd O 4= & ¥ L
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pepeey A5 TN AZRRGE C A AH H] 7
IvIn 0.9a0 olst 0409
F 0,035 olst 0015
Cu 0180 -~ 0,370 0015
Cr 0.001 -~ 0,200 0009
Ivlo 0.000 -~ 0,200 0005
Fe Balance LI 7]
C 0.2a0 olst 0205
= 0,040 o5t 0021

#® 3 S7LE e4A HEHEHE BE 2

+H e o= gl S H 2
1 Si as Si0s Wt % 002
2 Al as Al ! ono3
3 Na as MNazD ’ 008
4 Ca as Cad " 0.04
5 Cr as Crz0s ! 011
B Cu as Cud Y oo
7 Mg as g0 " 003
a IMn as il " 033
q Fe as Fesla ’ 98,20
10 MNi as DNiO i 075
11 Z2n oas Zno i oos
12 P as P2l " 0oz
13 WVoas Vilg " 0ol
14 o as  IWoeC, ’ 0o
15 Ti as Ti0a ! 020
16 FPb as Fbla " 0oz
17 C " 009

2. CHECWORKS code® 0|83t FAC 7154 #4

EPRINA Mg® FAC #14 3 E9 CHECWORKS codeZ 01E51 018 swirl vane ] &4H0]
Faco 2y LEg + °“'Il_l tedE PP BT g¥rHoe® FACTE MEhH gHEstE
2z A2 150c AU, 24F 29 L3 SI)WE0 9 2a1E 2325 Z7) 2RE o EE0C
T FAC @0 & 2 FH0 %} CHECWORKS code?] Y22 ® 48 220, 4
H dzds 0EStEAH EME2ds € 5+ He 7L IS 2 4S TRIEY 2HFES AL
st YEISHALH 720 dHE Fdsts & ATlE HHE B

B E< blade &l Blade ANOIE, 012
012, 018 CHECWORKS code® 24517 23 SUs Hao] g4 OHAS J1AE elbows



Hgste 2AsEAL FEA ?E“’Si?j 3 EHEEE dE8s] g 5 @iy B 82T
= et SHEICIY JHEEHY code® AT B
FHW wear rates 104mils/viE F 10 EFFY(Effective Ful
Power Year)E 0t TADHHTHID 2HE6HH FACH 2% £ mird: = TS 0] A=
104 rnilséwr * 107 infmil * 54 mm/in * 10 EFPY = 264 mm

0] $@E swirl vane® normal thickness 91 § mmBTE #, FACH 28] swirl vaned] FH0] &
A &40 WEE £ SlUs JtEds FUstEn

pH 2ZE& 2] 5lolo] ME FACH 2] BT S codeE 08 EASIELCH d2) HEEL] T
HAHAA A R0 2% pH 28 FHESE CHECWORKS coded] 2% B Zibe 2]5HH
YEYOIE S2] cold pHE 542 FAE o HW wear rate?t 104 mils/yrt DU, 01 ETA
U Merpholine= 2 WZst] TUT pHE RASIE =3 € 2R HW wear rate? 212} 63
mils/vr, 61 mils/w 7t D™ FACIE 2¥2F 393, 413 451 Ze=® UENACH JIHEE 0]y 2]
Tt AEE S017] M A pH R ESEE AMEESY @EUOIE ETAU Merphoine 52 WA
OlMe R wAHEH] AMESts 0] Y He 2 B in

Swirl vane AEE Cr 32 HEH TE FAC BTE CHECWORKS codeE 018w 24l
= B3, pH 2ESEs YRUOIE AtEsts & #AY 8% A2 AM DA swinl vane

AEES Cr TEPT 0009wied AEAA Ddwied MEAZE HIE F=Z, W wear ratet
12 Bmils/yrE FAC?I 883 ULsE ZNE Hols ez BADdnh (Ha pAHE HEZ22

swirl vane AHE2 Cr TT2F 0dwio?l ARIT G B 4704

# 4, CHECWORKS code 245 % U= =4

T = P R=s Ay H] 1
=2 280 *c (B35 °F)
U= £34 IPa (920 psia)
steam cuality W FaC 2 = H
- 5% 4 09210% lbm/hr
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