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Wall Thinning Analyses for Secondary Side Piping
of a Domestic NPP Using CHECWORKS Code
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ABSTRACT

This paper represents the wall thinning analysis results for secondary side piping of a
domestic nuclear power plant based on the DB establishment and FAC analysis study
for NPP secondary system piping. CHECWORKS code utilized in this study has been
applied world widely to wall thinning analyses for secondary side piping and its
reliability has also been proved. The predicted wear rates of several piping systems are
compared with the measured wear rates. On the basis of comparison results for both
wear rates, the analysis results can be effectively applied to the development of a
standard thinned pipe management program targeted all domestic nuclear power plants.
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2. CHECWORKS HM&t3E FQJ|s

EPRIOIA 7H4te CHECWORKS Aatzis=i= dAAH oz A 2445 wjda& o=
of 7 gl AMEHI o B I:=s 9Ad 235 @] &%, ¥, d€¥], Steam
Quality, pH, & 59 &4 345 wdste] v HEAEY S5 Jolay o5,
A4 dolgulo]x 93 T YT ¢ lon oF VxR o] HANA uF 459
AA, FFol dFES VA= s 210 2 AR v, wjdAdA Ve i S &83
T AL

CHECWORKS #AAiti== 1% 104 & 4 9ol ZA a4 (Analysis) 713 A9
(Support) 7oz F& = 9tk M7= WCA(Water Chemistry Analysis),
NFA(Network Flow Analysis), WRA(Wear Rate Analysis), UT Analysis, CAE
(Component Acceptance Evaluation)”} 1ow, A 947]%o|+ Plant Data Management,
Isometric Viewer, HBD(Heat Balance Diagram), FACTRAK, Import Utility7} AtH1]. <]
s Z+7te] 8 Ve % 19 Zuh

FAC User
Interface
WCA NFA WRA uT CAE
Analysis
Plant Data Isometric Import
Management Viewer HBD FACTRAK Utility
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UT Analysis UT dlolel #4, 7k 9 &l 89l
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CHECWORKS #4tz=F o] &3ste] dd 235 wi#e] S-S F3st7] s+
aA A 7EA @A, S RS A2 EFRstE 7124 Y Basic Work) 2k vl 771 €]
ARE DB3elE 24, 28] 5% DBE 7|22 SIS S35 A dAE AA
of 3t} 17 2= CHECWORKS A2tz =g o] &3sle] wiazs S 3 dAxE
AAgE Aotk AA AAddA #EH v Y 23F wj#E 109 7 AS GEol ARk
olE I=o JH ok sl= e M HEIERZ 7T o= 9 SR o
4000~6,000710 Esluz olF AAHoRE HFdte] 7 HEIVEH THIEA A== 3
of 3tt}, g 22129 9393 % (Heat Balance Diagram)E ZHAd3dto] uj® #}ele ¢x=
dHPFLd AAGd Fo2MN 2 g dolHE I QA ste] wj#kS Al wE
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of /i wiHARe} HAA FAAFFEE dAA S A ol", o]y & DB
A HE Aol wkgE = JdE=F Ffof gk
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E2A 22 A Fo FYPE = pH 248 of(dE Yol NH)# sho] =@ (NoHy), &E4kA
d 5o A3 Fshirs wtyES Sy 2t

O Fol=ebrl Absl/He urg

N, Hy + 0, 2H,0 + N, (1)
2N2 H4:> 2NH3 + H2 + N2 (2)
O # &3qs
Fe + 2H20—> Fe(OH)2 + H2 3)
3F€(0.H)2—> F€304 + H2 + 2H20 4)
A7 22 gxAL AR G AdA] A7) Wil F3et A= Tl
H HEAENA 9] Hot pH, $EYo}, stol=ebxl gk 5ol Aitdrt
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F8slA &gt CHECWORKS #AAlmEdAE %02 gddg fHolgE o) gsto 7+
S S YA N o= Bt HES FMAHRE °é71 Azteltt, MESY 14 Ay A
EVEWY Steam Quility, 93, 2%, A&y EAAS(Loss Coefficient) 5 olH, o] w3
A5 A Al CHECWORKS Adae oA s ow v En

?i}‘ﬂ M YESY o] dnsE HFHOZ v AXTES] SN S s
A5 o = 7‘]177}7‘] deEd XE AAARE 92 dolgn £33 A, vEY {4
A7} MadEo] A AXJEY FF 7495 A4 25E, dAFA, A2 TFA, 4
STFARA °l ol ol AdtEth CHECWORKS #Hata= oA #Agai4 S 3
3l 7] % 0] &L Chexal-Horowitz Erosion-Corrosion E@o]w, 7]&E =218 t}S-31 7t}
W= F(D*Fy;(AQ)*F3(MT)* F(O9)*F5(pH) * F¢( G)* F7(a@) *Fg(N.H,)  (5)
o714, W : Wear Rate
Fi(T) : Factor for Temperature Effect
FAAC) : Factor for Alloy Content Effect
Fs(MT) : Factor for Mass Transfer Effect
F4(O2) - Factor for Dissolved Oxygen Effect
Fs(pH) : Factor for pH Effect
Fs(G) . Factor for Geometry Effect
F# @) : Factor for Void Fraction Effect

Fs(N2H,) : Factor for Hydrazine Effect
g AFS HAE 7] AAES gRES B A L4443 volHd A8
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Zb AE 7Y ARBAZ AR BAFYeH, o3 A#AAAI} Chexal-Horowitz
o gtk A7) AAE F @ 2 24 FA BFEE B TS vAE AR
EAAY AN EAADGATWMass Transfer Coefficient : K)& F#8 x7d o &3}

=
H ol 2 (6)F o] Fx9Y Sh4(Sherwood Number)®Z X E T Shds dwbygoz
2 (7)2] Red~(Reynolds Number)2t 4 (8)2] Sc(Schmidt Number)2| “33 o
UeRd = k. mEbA 2EAEATE A (99 22 e 2 CHECWORKS Z=of jb
Aok A a, b, e A@Ao Y HAA - dHolHEEH 3 5 9l

_ Kd
Sh = D (6)
Re = V4 (7)
y
_ Vv
Sc = D (8
Sh = a Re®Sc* 9)
o714, d= W& A4, D= FA4 & E 0114 g2 A 4= (Diffusion Coefficient), V&= HAF
& ve THREE 47 L}E}"”E} 24 AL HF ReFe 74 &5 o X3hd A9
e o &gkt 2 (10)2 2 FAlol A HAe] &/ O“EQ YEld Aol
_ _wd - x
V= "4,00-0 (10)

A7NAM, Wi AA AdEFE, Av vl 94, x&= A% (Steam Quality), of © A4 EXx,
@ (Void Fraction)< et}
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719 3. Heat Balance Diagram

Z71Abo]l & HlolH = 100% A& o)A Heat BalanceE 7|F 0.2 3F3th o= =U ¢
Aol 71AqFeE gEetERE & 3] iy dd JA 100% dEHoR $4¥ HoRE 1F
A= Fyrt Qe Ao Ay uiolg. =3 CHECWORKS #Ata=i= due] &4
F719 dd stue] EEEHE XA AL e ZEF] AR EASY. X 28 IZ=
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CHECWORKS #FEo| A $HdF7= wjazks a4 3 UT ooy A Ao vk 7+
SES AL o HA SHAZES 9EFEtr] f18te] AFEE ) ZEd = 177K Cycle) 7
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¥ 2. HBD &5 F7]A ko]l E dlolH

HBD &5 71719 w7 ) ks Reference
FWHTR 6 L.P Heater #1 131.300
FWHTR 5 L.P Heater #2 158.400
. . Tube Side
FWHIR 4 L.P Heater #3 Temperature F 221.300 Outlet
FWHTR 2 H.P Heater # 363.400
FWHIR 1 H.P Heater # 433.900
Drain flow rate Mib/hr 0.596383 Drain
MSEP 1 Moisture Separator Enthalpy Btw/lh 4500 Drain
Pressure psia 177700 Drain
Enthal B 1,197.600
TANK 1 SG Blowdown Tank Ll Mb Steam Outlet
Pressure psia 764.000
Enthal; Btw/lb HM4500
TANK 2 MSR Drain Tank = tu/l Steam Outlet
Pressure psia 170.100
Enthal Btw/lb 421.700
TANK 3 1st STG ReHeater D. T LY tU/l Steam QOutlet
Pressure psia 397.000
Enthal B 501.400
TANK 4 9nd STG ReHeater DT =4 /1D Steam Outlet
Pressure psia 764.000
STM flow rate Mib/hr 0.241805 Heating STM
RHTR 1 1st STG ReHeater Enthalpy Btw/lb 1,1583 Drain
Pressure psia 397.000 Drain
STM flow rate Mib/hr 0.295059 Heating STM
RHTR 2 2nd STG ReHeater Enthalpy Btw/lb 1,197.600 Drain
Pressure psia 764.000 Drain
Enthal; 261.7 Drain Outlet
DEAER 1 Deaerator Ll By/lb a%n =
Temperature °F 202.2 Drain Outlet
STM flow rate Mib/hr 0610721
HP TBN Extracti 5
HPEX ) -action Enthalpy Btu/Ib 1,158.300 Itself
STM to HP Heater #6 Temperature °F 438900
Pressure psia 377.200
STM flow rate Mib/hr 0511350
Cold Reheat STM 5
HP EXTLINE 2 e Enthalpy Buw/lb L1040 Teself
to HP Heater #5 Temperature °F 368400
Pressure psia 170.100
STM flow rate Mib/hr 0.3465651
LP TBN Extracti
LP EX 1 ction Enthalpy Btu/Ib 1,191.000 Itself
STM to Deaerator Temperature °F 292.200
Pressure psia 59.600
STM flow rate Mib/hr 0.305657
LP TBN Extracti
LP EX ) ction Enthalpy Btu/Ib 1,116.000 Itself
STM to LP HTR #3 Temperature °F 226.300
Pressure psia 19.400
STM flow rate Mib/hr 0.203040
LP TBN Extracti
LP EX 3 ction Enthalpy Btu/Ib 684.500 Itself
STM to LP HTR #2 Temperature °F 163.400
Pressure psia 5150
STM flow rate Mib/hr 0.253216
LP TBN Extracti
LP EX 4 ction Enthalpy Btu/Ib 732.200 Itself
STM to LP HTR #1 Temperature °F 136.300
Pressure psia 26300




E 3 eAFE 28 87, 2959 2 LA
T719 T 33t 34° =879 =R AL
A&7 Operating Hydrazine 100.00 3,953.58
Cycle-1 Operating Hydrazine 100.00 3,856.50
Cycle-2 Operating Hydrazine 100.00 6,556.25
Cycle-3 Operating Hydrazine 100.00 7,683.57
Cycle-4 Operating Hydrazine 100.00 7,941.62
Cycle-5 Operating Hydrazine 100.00 6,610.17
Cycle-6 Operating Hydrazine 100.00 8,175.42
Cycle-7 Operating Hydrazine 100.00 7,164.43
Cycle-8 Operating Hydrazine 100.00 7,241.57
Cycle-9 Operating Hydrazine 100.00 9,396.97
Cycle-10 Operating Hydrazine 100.00 6,191.57
Cycle-11 Operating Hydrazine 100.00 9,712.03
Cycle-12 Operating Hydrazine 100.00 8,173.65
Cycle-13 Operating Hydrazine 100.00 9,642.97
Cycle-14 Operating Hydrazine 100.00 8,896.45
Cycle-15 Operating Hydrazine 100.00 10,362.73
Cycle-16 Operating Hydrazine 100.00 8,714.03
Cycle-17 Operating Hydrazine 100.00 9,084.32
Cycle-18 Operating Ethanolamine 100.00 8,507.57
Cycle-19 Operating Ethanolamine 100.00 8,400.00
£ 4. s i A4S ol

("97. 9 Monthly Average)

i NHy NoHy DO
. Analysis Item atDZIEITC ot s s ek
Steam Generator Blowdown "A” 9.20 837 74 N/D
Steam Generator Blowdown "B” 9.20 837 74 N/D
Condensate Water 9.61 1,340 - 0.8
Feed Water 9.61 1,311 139 1.3
HP Heater Drain 9.60 1,343 - -
Main Steam "A" 9.63 1,326 N/D -
Main Steam "B” 9.63 1,329 N/D -
Hotwell "Al1” 9.65 1,334 19 15
Hotwell "A2" 9.65 1,331 20 15
Hotwell "B1” 9.65 1,330 18 15
Hotwell "B2" 9.65 1,332 19 15
Condensate Storage Tank 9.18 914 15.4 100
Aux. Feed Water Storage Tank 6.40 - - 150
Condensate Polishing Plant Outlet 6.40 N/D N/D -
3.2 7id W& dlo]Ewol ~ H5
CHECWORKS #Atz=s 283 wiazs 42 dA 87 Ass ddez &3l
DB3 & 87} AFE thest gk

Condensate System

Main Feedwater System

Main Steam System

Extraction Steam System

MSR & FW HTR Drains System

Gland Sealing System

LP & HP HTR Vents & Reliefs System
Aux. Steam Heating & Venting System

OO0OO0OO0O0O0OO0O0




A5 Fefo] A AFo] AR Ud 2352 mAHEE &olstA 7] $1sk]
A& AAHoz BEFIL A 22415 S FASEL Y= F717] AolE AZE
= oa#e oujsty, m=o= Zb gel™, A%, A(Phase)?l dH, @aE, e Fax,
RS HS JHI T A el tﬂolEiuﬂol*% 2215 87 A%s B 417
JF(AEF 867 A 2E)T 194719 Bloe® FRSAT ¥ 4% dd 9R 2359
AA Wi gBAs 258t W J8dE A Aol

@00 00
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Condensate Sys. MS Sys. 1~12,

13~41 (Main Component )
» HBD 1
HBD 12
» 1) 10101 : Condensate Sys.  Condenser A Header
» 2) 10103 : Condensate Sys.  Header CEP
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CHECWORKS Arrz =] WAE Water Chemistry Analysis 755 &8

1o i LA A7AF AYdEAn] o] % 22 AE Y WS

ﬂr‘ﬂ"ﬂ’ﬂ o gb&olyl Fxg WAoR W37 1111—‘?—01] 28] A 3hs} A S et
Atk UESY A2 ¢ e 9 #HAe dETF F, oY, dE
Steam Quality, &+, &3 & AAtstr] ¢sto T6§ 0}“ 740

Q, FwE wia/mly] 2, 1, 29 AE7] wg/ulr) 2kl S dide® 387 1EF9
4078 =Rl oisl e kSt Z]Zﬂoi i 2FSa A A7)l A e 38k &) A ¥
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o gt AHES WIS AOZAM AKFEC Z SAURE IHEE 10007145 AE3 Aol
o ol #T&o] AshA HAE = w#ASS A& 1] f1delt. vl A3 Moisture
Separator & Feedwater Heater Drains System®] ®]|# HAIXWEEo] 714 7&K wzsh
Ao g FoFon o= Main Feedwater System, Extraction Steam System, Main
Steam System, Condensate System £ 2 ZSAHLE7F Ad Aoz vt 18
Main Steam System®] H]#HE2 60 o] FHE = THHFEC] A 0% Aoz AL
ol Fuid AEVIFH AGEHRAA L wjdo] HEFV] FEE FASL 7] wE<d
Aoz ety

350
——CDSys.
—=- MPW Sys.
300 - MSSys. [
—o—ES Sys.
—o— DRN Sys.
250

Wear Rate, mils/yr
= N
3 8

100

%5 ATE F8 HEXUES IFES vlugh HomA 7} AlFEE SEe] 2 49
671 HYXAEE A Aot} & 594 £ 4 d%o] Condensate Systemo| A& F2 A
A7t 7] 3ol A &7 2 7he widekQlol A 18]35 Main Feedwater Systemol A& 319}
7FE 7] 59 -3 gclo A THEo] 2 Aoz AAEUTE Main Steam Systemol A& &8
S dgHoR wol et Jdv AGEHNG FiEEHALT] Atol ] wjdEld A S E
o] & Aoz AAE AL} Extraction Steam System¥ MSR & FW HTR Drains System
| = zhzb gt Mo A 19t gy 5o R T F783 FEEHAGD Y] w5 E A
A GSH7EE 7] SR The wjdERRldA ASEe] & AoE ALEAY. g 7 AlF e
A HEGDE YA 2 FH5ES 4% ¢S Holx &5 Iy

a9 62 dlEd YA &rE 37 AlE(Main Feedwater System, Extraction Steam
System, Moisture Separator & Heater Drain System) 667] AXWVEQ A= doJE & o]
43te] 3 5 EI CHECWORKS =9 A3EQ md HXdER SES vlusho]
AAIE Aolth, 17 6914 +50% A2 -50% A2 EPRIIA AAS m= s dxte] &
HAE AAIS Ho=2A EPRIA B A3 HA dolgE m=s) Aol nlus) &
Ay g7 27 £50% B9 ud 2EgdEYE AS et B AT vlu Aye =
= o Fgko] ofgk 9RO FxHo 9 AS & F AUrk ol CHECWORKS #Z=7F 4
71 370 AFoNM = o BEH oz o= S-S on iy
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X5 AeE F8 HAXIES 78E vl
A _F TAEAE) ZEWE SE 71714 25 &, mils/yr
LP HTR 3 to D/A TLBO6T01(BR.) Tee 18.353
LP HTR 3 to D/A TLBO6NO1 Nozzle 15572
Condensate Sys LP HTR 3 to D/A TLBO6VO1 Valve 15572
' COND to CEP TLAO6V02 Valve 13.071
LP HTR 3 to D/A TLBO6EOL Elbow 11.523
LP HTR 3 to D/A TLBO6E09 Elbow 10.612
HP HTR 5 BYPASS LINE TDB01V04 Valve 94.143
HP HTR 5 BYPASS LINE TDAO2E23 Elbow 66.985
Main Feedwater| HP HTR HDR TOWARD SG TDDO1V06 Valve 63.673
Sys. HP HTR 5 BYPASS LINE TDAO2E25 Elbow 59.744
HP HTR 5 BYPASS LINE TDAO2P36 Straight Pipe 57.933
HP HTR 5 BYPASS LINE TDBO1P22 Straight Pipe 46.615
HP TBN to MSR TAAOINO1 Nozzle 42,125
HP TBN to MSR TAA01PO1 Straight Pipe 30.319
Main Steam Sys HP TBN to MSR TAAQ1PO7 Straight Pipe 27.094
' HP TBN to MSR TAAOIEOQ2 Elbow 25.991
HP TBN to MSR TAAOIE06 Elbow 25.990
HP TBN to MSR TAAOIEO3 Elbow 25.981
HP EXT. to HTR 5 TGA02T02(U/S) Tee 71.696
HP EXT. to HTR 5 TGAOIT01(D/S) Tee 67.003
Extraction Steam| HP EXT. to HTR 5 TGAO1T02(D/S) Tee 67.003
Sys. HP EXT. to HTR 5 TGAOIT03(D/S) Tee 62.419
HP EXT. to HTR 5 TGAO1TO03(BR.) Tee 62.156
HP EXT. to HTR 5 TGAOINO1 Nozzle 59.510
MSR DT to HTR 5 TKA03T01(U/S) Tee 348.225
MSR DT to HTR 5 TKC02T01(U/S) Tee 348.225
MSR & FW HTR| MSR DT to HIR 5 TKA03V02 Valve 339.631
Drains Sys. MSR DT to HTR 5 TKC02V02 Valve 339.631
MSR DT to HTR 5 TKAO3NO1 Nozzle 322.158
MSR DT to HTR 5 TKC02NO1 Nozzle 322.158
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