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/'c'>'

- N2|#3,4 / oHEl#1~6 / SHE#1~6 / MotSE#1~4 / MS#3,4 /| 28#2~6
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= o
- Fatigue-Pro 3 (EPRI/SI) : 37|2tE D ZZA|A|AE
- 0| #4 2/2 M4
- Fatigue-Pro 4 (SI) : 'WZIxjetd T2 ZA|A|AE
- MZ#1,2
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: Fatigue Pro(SI)

: NuUFMS(KHNP)

: NuFMS(Developing)
: NuFMS(EAF)

** O @ ©

Hanul l' 900000

Shin-Hanul B % %% . o

) » Fatigue Pro(Sl) : 37| (L2|#2 / ME#1,2)
D22 BALBUANAY HE F(~531)

Wolsong 8 |AO000 - M2#1,2 : NuFMSZ T2t 0|4 (~2028)

Saeul B #kvox > NuFMS 277' (:I'L%:_ %E 187| / :I'L_?F'T %: 97|)

Hanbit{ 900000 Kori B ¢#&@@00

p 2HBIO 2 HE(TH T)
4 @5 B - APR1400(2IBt2#1~4 / M E#1~4)
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@ Stress Cycle

uWHSHAO|Z
(Reversed Stress Cycle)
- AZbof| 2l A FH QL ARl =40] HE|

- 83H| = -1 (Smax/Smin)

dhES 3 AL0| 2
(Repeated Stress Cycle)
- Smax 2} Smin H|C{ &=

2EM 22402
(Complex Stress Cycle)
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® ASME Sec. Ill NB A T2 =( Div. 1 App. I)

= AL EME 2™ (0 FE)
- Strain(Stress) 2 : MZ& Q| CtAFH0| 7|
- Cycles 20 : &, A=~ 7

AO|EA 4, 20 = 2.0x2.5%x4.0

ot By ARA 7]7|/AHAE 2=t g 2
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Number of cycles, N
Number of cycles, N
GENERAL NOTES:
{a) E=207 x 10° MPa GENERAL NOTES:

(b} Interpolate for UTS 552-793 MPa
(c) Table I-9.1M contains tabulated values and a formula for an accurate interpolation
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. D 2H7}

= : NUREG/CR-6909 R.0

Variables (T*, O, ¢%)

$'=0.001 $<0.001 wt.%
O EbAZE- S::S $<0.015 wt.%
Fen:eXp(O-632 S*=0.015 S>0.015 wt.%
-0.101xS'xT"'xO"x ¢") T=0 T<150°C
Z|CHgk - 676, X4t 1.88 T'=T - 150 150<T<350°C
(DO=0.1ppm, $=0.01 wt.%)
o XNgad: 0"=0 DO<0.04ppm
F.=exp(0.702 0"=In(D0O/0.04) 0.04<D0O<0.5ppm
-0.101xS"xT"'xO"x ¢7) O’=In(12.5) DO20.5ppm
E|Chgt : 7.25, F| 22k 2.02 =0 > 1%]s
(DO=0.1ppm, 5=0.01 wt.%) £=In() 0.001<¢<1%/s
¢'=In(0.001) £<0.001%/s
T=0 T<150°C
T'=(T-150)/175 150°C<T <325°C
e e T=1 T2325°C
agfolajazt | Fen-eXp(0.734 - T'x&'x0)
—hHlde—o é*=0 £>0.4%/s
Z|CHZk : 14.51, &|22f: 2.08 £"=In(¢"/0.4) 0.0004%/s<¢<0.4%/s
£"=In(0.0004/0.4) €<0.0004%/s

0"=0.281 all DO levels
T°=T/325 T <325°C
T=1 T>325°C
Fen:exp(_ T xe XO) é*:O é>50%/5
X|CHZt - 4.52 X AZF-1.0 ¢'=In(¢"/5.0) 0.0004%/s<¢<5.0%/s
—HeA L Teoe, R ¢"=In(0.0004/5.0) ¢<0.0004%/s
0'=0.16 all DO levels
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t A
O fiermar = | Green's Functionx(Tp,.)dt =G, (P)p()+ Y. G(P,t=7)Ad(7)
t—tg

= K| x Ax(Pressure) O vechanical = K2Cy X D121 x M (Temperature)

GPressure

=

GT otal — GT hermal + GPressure + GMechanical
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PZR Surge Nozzle

Sub-component

Material

Reference

1 Surge Line SA-312 TP347 18Cr-10Ni-Cb SR, UE-221CN-202, Page 10
2 Safe End to Piping Weld Stainless Steel - Note 1
3 Safe End SA-182 F347 18Cr-10Ni-Cb SR, UE-221CN-202, Page 10

4 Safe End to Nozzle Weld

SB-168 (Alloy 690)

58Ni-29Cr-9Fe

SR, UE-221CN-202, Page 53/A2

5 Nozzle SA-541 Gr. 3 Cl. 1 1/2Ni-1/2Mo-V SR, UE-221CN-202, Page 10
(Nozzle)
6 PZR Lower Head/Shell SA-508 Gr. 3 Cl. 1 3/4Ni-1/2Mo-Cr-V SR, UE-221CN-202, Page 10 /v
7 Support Skirt SA-516 Gr. 70 Carbon Steel SR, UE-221CN-102, Page 4 /
8 Cladding SA-240 TP304 18Cr-8Ni SR, UE-221CN-512, Page 6/A2
9 Thermal Sleeve SB-167 (Alloy 690) 58Ni-29Cr-9Fe SR, UE-221CN-512, Page 6/A2
10 Water Gap Note 2 -
0.2 05
(1]
0
o] Q
= S
= 3
w02 —
& '
-9 B s
_— ~_~
& £
GF1 _Q1 > 04 =
e S
Low flow rate 2 %
1
= et
(Q<100gpm) £ o z
$ —Sx g
= =, =
08
—S1
— XY
1 - - : - 2 - - - - -
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Time (sec) Time (sec)

ANSYS

R19.0
NO. 1

FLEMENTS
MAT INUM

Cut 3

ICHHIN# °entral Research Institute
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(SBE & SBE,,

@ Step 1:
PZR Surge Nozzle

HEea(o)

ELEMENTS
MAT NUM
PRES-NCORM

ANSYS
R19.0
NO. 1

[ IR |
7
46579 oeany 3L 10ads 19983 5354895318 e FPOOP

I a0 e
B F T B T M WYY YA 1 i

|—

ELEMENTS
MAT NOM
PRES-NCRM

ANSYS
R19.0
PIOT NO. 1

UNIT MCMENT ANALYSIS

-_— == m— |
81613 goiek T coids 198 ot M1 as 1815516

ELEMENTS
MAT NUM

N

PRES-INCRM

ANSYS
R19.0
PIOT NO. 1

-8.1613

T—
L 97ads "o s0ids %% a08th

'J' 5
o 1—65 85497 6582816'1

Pressure Stresses

MPa) per 1 kg/cm?

Moment Stresses (MPa) per 1 in-kips

UNITPRMB 1 | UNITPRMB2 | UNITPRMB3 | UNITPRMB 4 | UNITPRMBS5 | UNITPR MBE UNIT_MO_MB_1 | UNIT.MO_MB_2 | UNIT_.MO_MB_3 | UNIT_ MO_MB 4 | UNIT_MO_MB_5 | UNIT. MO_MB_6
-0.017847 0.189006 0.529772 0.067919 0.000000 0.000000 0.006313 0.037163 0.006603 0.004466 0.000000 0.000000

UNIT_PR_TOT_1 UNIT_PR_TOT_ 2 UNIT_PR_TOT_3 UNIT_PR_TOT 4 UNIT_PR_TOT_S UNIT_PR_TOT_6 UNIT_MO_TOT_1 | UNIT_MO_TOT_2 | UNIT_MO_TOT_3 | UNIT_MO_TOT_ 4 | UNIT_MO_TOT_5 | UNIT_MO_TOT_6
0.026257 0.355785 0.586824 0.184286 0.000000 0.000000 0.013380 0.054230 0.013455 0.020607 0.000000 0.000000

& 22

g
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A Bt - | 2 HIHSBE & SBE,,)

Step 2 : 8 dH(peak,valley) 4178

= Rainflow Cycle Counting

STRESS TIME HISTORY RAINFLOW PLOT

8
A '_-_:.__::____
5| I.-"‘~\ == &
4+ Fy - o
ol \"\ 5 \\ 2 B i =
\ \ o S, &
2r \ / '\\ Y 3 i - =
- 1F i E T
g or /A\ ps '\'.\l E 4 ==
i \ = =
@ | N \/ \ S 3
/ X Y Y 5 J |_ — e
ol G 1
L B i e
at L i} —
o 7 - = ______:___::__;_::—:—l
-Hc. 1 4 5 a 7 a & 5 4 3 T8 o 3 4 ;_ &
e STRESS
Rainflow Cycles by Path e A
Path Cycles Stress Ranges =
A-B 0.5 3
B-C 0.5 4
C-D 0.5 8
D-G 0.5 9
E-F 1.0 4 _
GH 0.5 8 e >
H-I 0.5 6 =T

N

//:7/% ICHNP® C"entral Research Institute



StZAG| 2 ZHA| W - §| 2 7}(SBE & SBE, )

es (MPa)

Total Siress

Step 2 : S EHEH(peak,valley) M

S S S Peak/Valley /474
Range(Sec) Salt(Mpa)
0 200 442 8692
200 1100 3207.792

-------

S1 =01 — 0y, S3 =0, —03, 531 =03 — 04
Sy, =max.| Sy3, Sp3,531 |=mnr .| 513, Sp3, 531 |

10 ;'.'.'. Bl BOT I"."‘l: LI 1&m Sp
. Time (5ec) - . Sat — k * 7

ICHHIN™ ‘ entral Research Institute 24
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ICHHIN# °entral Research Institute

[—
>4 HE Fen Value Variables (T", 0", &)
=c° $'=0.001 $<0.001 wt.%
OEaz: 5= 550015 %
F. =exp(0.632 $'=0.015 $>0.015 wt.%
e g -0.101 XS:XT'XO'Xé') T=0 T<150C
mEKs) - = 2|chzf - 6.76, 223 : 1.88 T=T-150 150=T<350C
_ D0=0.1 , 5=0.071 wt.%,
° B2 AHEEE | o (1'@%?-} ?pm e 0°=0 DO<0.04ppm
F.,=exp(0.702 0*=In(DO/0.04) 0.04=D0O<0.5ppm
1L -0.101x5'xT'x0"%£") 0'=In(12.5) DOz=0.5ppm
o2k 3Ot < 7.25, H23t : 2.02 e ey
(DO=O1ppm, 5=0.01 Wt%) é".=|n(§‘) 0001<é<1%/5
=] ZF . y e
= ok £'=In(0.001) £<0.001%/s
= E Tt T=0 T<150C
= A T'=(T-150)/175 150C=T <325C
T=1 T2325C
A 24 i - Fo.exp(0.734 - T'x£'x0")
Oj &+ =A% SHESEE £=0 £>0.4%]s
2|ch2t - 14.51, 223t : 2.08 #'=In(¢'/0.4) 0.0004%/s<¢<0.4%/s
£'=In(0.0004/0.4) £<0.0004%/s
0'=0.281 all DO levels
T°=T/325 T<325C
T=1 T2325C
Fon-exp(- T'x£"x0") e , e
Ni-Cr-Fe g2 T z-;ﬁ(g/s_o) 33'(?0/3@2,/55555.0%/5
S L £'=In(0.0004/5.0) £<0.0004%/s
0'=0.16 all DO levels
Time S* DO* TEMP* strain rate * Fork strain
2081 0.01 0.916 140.277 -6.908 4947 0.000119
2082 0.01 0.916 140.305 -6.908 4948 0.000276
2083 0.01 0.916 140.333 -6.908 4.949 0.000379
2084 0.01 0.916 140.361 -6.908 4.95 0.00054
2085 0.01 0.916 140.389 -6.908 4.95 0.000697




StZAG| 2 ZHA| W - §| 2 7}(SBE & SBE, )

Step 3': 2t EZA |+ & S EL[ZFH A ALt
Time Temp.(°F) Sl(ksi) strain (%) E(ksi) S (%) DO (ppm)
2081 554.5 0.03 0.00012 25528 0.01 0.1
2082 554.5 0.04 0.00016 25527 0.01 0.1
2083 554.6 0.026 0.0001 25527 0.01 0.1
2084 554.7 0.041 0.00016 25527 0.01 0.1
2085 554.7 0.04 0.00016 25526 0.01 0.1

~ =

2302 Fon 271 Fenzzr, | Strain 721 |Strain 7+2k-2 u, Forn CUF,, .,
1 1j 2.1888 2.4102 0.6018 0.5631 0.0003 2.2958 0.0006
2i 2 2.0856 2.1888 0.06678 0.06678 0.0016 24781 0.0039

TOTAL CUF,, | 0.0045

ICHHIN# °entral Research Institute
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4. I| 2 ZFA| A| AE

0 IO = ZAAAE(NuFMS) GUI

NuFﬂSr Nuclear Fatigue Monitoring System

I1&C History Data

Check Transient Signals > Input DO Level > Evaluate CUF/CUFen > Fatigue Evaluation Results

Menitoring Location Motice Site Select

* Search Items

Site HANUL . Plant HANUL PLANT 2 ’ Unit HANUL UNIT 3 v 4, ‘Search

Last Evaluation Date :2019-12-31

|—°°7—|23 Received Instrument Data : 2006-12-31
A 1~
244 | 243 100F 247
236

242 100E 240

\

£o

ROT Sl & -—
s5DC |—e<— PRLSAMPLE e -
1 2A
ol #
RCGV
SD
CooL
- sD
CooL ROT
4..LREFV p-177 P-176 RE
e g HL HA LEv @s/G-2
1N
£ RPV
[ ]
SI &
RDT CHAGING e ROT
1A S & 2B
E sbc E'
. SBE(Stress Based Evaluation)
RDT . CBE(Cycle Based Evaluation)
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4. I| 2 ZFA| A| AE

@ Check Transient Signals

NUF ﬂs Nuclear Fatigue Monitoring System Home  Configuration

Check Transient Signals > Input DO Level > Evaluate CUF/CUFen > Fatigue Evaluation Results I&C History Data

Check Transient Signals Edit Abnormal Transient Signals Simulate Partial CUF/CUFen

* Search Items

Site | HANBIT X Plant | HANBIT PLANT 2 v Unit | HANBIT UNIT 3 ™ 4, Search
Date Y-Axis1 @
From | 2007-06-25 " HL1 TempARCTI12HAHL1I T = Time Interval ALL r ;g’; Line Color
== empBRCT112HB TempA( ] NJ ! ) & —
To |2007-06-27 RCT122HA) HL2 TempS(RCT12 ~ Y-Axis2 (Original) [
Graph View Table View
— HL1_TempA — HL1_TempB — HL2_TempA — HL2_TempB -— NP1 — NP2 NP3 — NP4
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® Input DO Level (2t I|2ZA| oHH

N UF MS Nuclear Fatigue Monitoring System

Confirm I&C Signals >

Input BO Level

* Search Items

Site SHIN-HANUL

Input DO Level

Name

1 REV. €

Component Info

> Evaluate CUF/CUFen > Fatigue Evaluation Results

Plant SHIN-HANUL PLANT 1

| RPV Qutlet Nozzle

RPV Qutlet Nozzie

| SA508_G3C1

[Las_so09

Dissolved Oxygen_Designed Value [ppm] ;| 0.1

2 RPV Core Stabi [
3 surge U
4 Surge Line Pig Location 10
" = Location
5 Charging Iny Description
6 SG Downcome .
Material

7, 5G Daowncoms

e o o Fatigue Curve
8 5G Economize
9 5G Economize
10 Prassurizer |

[=) save || 3 Cancel

1 Pressurizer §
12 VL
13 SIS Piping OVI Nezle Weld Line 1
14 SIS Piping DVI Nozzle Weld Line 3
5 SCS Piping Elbow Line 5
16 RCE T-Branch_1
i RCP T-Branch_2
30 v 1 ]

\

Unit SHIN-HANUL UNIT 1

Description

Manitoring Type | SBE
Green Function ID | GF_RPV Outlet Nozzle

Sewt Sulfur in
Metal

Dissolved Oxygen | Designed Value

|1 0.01

SIS Piping DV| Nozzle Weld Line 1
SIS Piping DVl Nozzle \Weld Line-3
SCS Piping Elbow Line S
RCP T-Branen 1

REP-T-Branch 2

// ICHIN® ‘entral Research Institute

Home  Configuration m

I&C History Data

. Search

Evaluation Method

SBE

Displaying 1 t6 17 of 17 items
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4. I| 2 ZFA| A| AE

® Evaluate CUF/CUFen

NUF Ms Nuclear Fatigue Monitoring System Home  Configuration

Confirm 1&C Input DO Level > Evaluate CUF/CUFen > Fatigue Evaluation Results I&C History Data

ite CUR/CUFen

* Search Hems

Site HAMBIT Plant HANEIT PLANT 1 Unft HANBIT LNIT 1 Last Evaluation Date 2022-08-31
= Tt
Start Date | 2022-09-31 End Date ' W Start O Susp RESLTE Tipiets : . Search

- -
* Fatigue Evaluation Process Status( Completed )
100.0%
| Information (%} |

¢« 4| Evaluation completed

n Complete:

e

%//l ICHN® ‘entral Research Institute 32



4. I| 2 ZFA| A| AE

@ Fatigue Evaluation Results

NUFIDJSA Nuclear Fatigue Monitoring System Home  Configuration

Confirm 1&C Signals > Input DO Level > Evaluate CUF/CUFen > Fatigue Evaluation Results I&C History Data

QOperation Transients Reports
* Search ltems
Site | HANBIT v | Plant | HANBIT PLANT 1 “ | Unit | HANBIT UNIT 1 o) LAt ED\.r:l:atic-r: | 2022-08-31 lum] <, Search 4 Delete &% CBE ReCalculation
Component Name Evaluation Method Air Envirenment CUF
1 PZR Safety and Relief Line CBE (03499
2 RVI Core Barrel Mozzle CBE 0.06C7
3 PZR Upper Shell CBE 04947
4 SIS Piping CBE 0.2080
3 RPY Qutlet Nozzle{CBE) CBE 0.0496
6 RPV B Tube CBE 01142
T SG Tubesheet & Shell Junction CBE 0.4868
3 Accumulator 51 Nozzle SBE 00912
9 RCL Hot Leg S8E 01483
10 Mormal Letdown Line SBE 01280
H Auxiliary Spray Line Tee SBE 0.0968
12 RHR Line Tee SBE 0.2743
13 Charging Mozzle SBE 2198
14 Hot Leg Surge Mozzle SBE 03122
15 Pressurizer Surge Line S8E 01230
16 Bressurizer Spray Mozzle SBE 0.0721
17 Pressurizer Surge Mozzle 5BE 0.0544
12 Pressurizer Heater Penetration SBE 01002
12 Primary Chamber Drain SBE 00268
20 SG Feedwater Mozzle SBE 00647
20 v Page 1 of2 | M| O Displaying 1 to 20 of 21 items
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