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Creep analysis model of small PWR plant RCS pipelines under severe accident condition
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Abstract Backgroud: The reactor coolant system (RCS) pipelines creep is an important phenomenon during severe
accident analysis of pressurized water reactor (PWR) plants. Purpose: This study aims to develop a severe accident
analysis model focus on the RCS pipeline creep analysis for small PWR plant. Method: The severe accident analysis
model is developed by using the SCDAP/RELAPS code, the creep prediction formulas of RCS main coolant pipeline
(SA321) and natural circulation steam generator tubes (00Cr25Ni35AI1Ti) materials are fitted by the experiment data,
and the corresponding functions are added to the creep prediction subroutines of the SCDAP/RELAPS code, which
are finally verified by a simulation of supposed severe accident by SCDAP/RELAPS code. Results: The upgraded
SCDAP/RELAPS code is finally available for the RCS pipelines creep analysis of the small PWR under severe
accident condition. Conclusion: This provides a basic reference for the next quantify creep character analysis of the
small PWR during the severe accident processes.
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Fig.1 Control volume scheme.
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Table 1 Steady state computational accuracy verification
of SCDAP/RELAPS5 model.
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Table 2 Material difference between the small PWR and SCDAP/RELAPS5 code.
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SCDAP #1 ¥} Materials in SCDAP code
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JE F178 %3 A4 Reactor vessel

FRIR R AL SG tube

SA321 A5 SA321 stainless steel

SA508 #4 SA508 carbon steel
00Cr25Ni35AITi A4 00Cr25Ni35AITi alloy

SA316 A5 SA316 stainless steel

SA508 4% SA508 carbon steel
Inconel-600 &4 Inconel-600 alloy
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Fig.2 Creep curve of typical metal materials.
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Fig.3 Comparation between experiment curve and fitted relation curve of the small PWR.
(a) SA321, (b) 00Cr25Ni35AITi
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Table 3 Creep rupture model of different material.
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Fig.4 Creep process comparison between different stainless steels during the severe accident induced by high-pressure severe accident.
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Fig.5 Creep process of surgeline during severe accident induced by SBO.
(a) Volume average temperature of surgeline, (b) Creep processes of surgelines with three different materials
M2 4 FE 5 AT RUE FEFF R T /AN R HE— . (Bl ™ i o i A

1) AR B 2 H I R I AR (=0.1) 1)
IR SEARE T, M AR M AE SA316>SA321>SA304,
RIELL SA316 AR T RN HT SA321 [1iF AR
HEFETF B0 4518 AN L AR S P R 1Y 5

2) MAMEIEEMEERE, SA321 5 SA304 A&
Ni-Cr-Mo B! B [RIAAEEH, Jr2atkaedE s AL, (H
HHT SA321 DA T &)@k, FLim &b IR Sl . il
SREE . R TR RE . R UG A M RE R T
SA304, X ESHTRAIFE AL RO,
TAIUE S 1 T 2 S0 A0 TS 8 1 5 B 4V 5

3) MR AR I A R A, /N K HE ™
WO, — B R R A NG AR B (R B
B AR AR BIE AR L) I )RR, IR REAE IR AR
FEUG TR HE RS — [B] B T8 P, BT e H IR A T
LERER

5 %518

R ST/ T 7K M — (] % 7 T 3 S 05 AR o AT AR
A, AR T LR LAE: 1) #F SCDAP/RELAPS

B, B&TIFRMEEFMTESNTIIRES ) 2) BT
SN T VR TR NN K HE— [AT % SA321.
00CT25Ni35AITi P Fft 2 s A 18 A el A8 FL0 43 B A
A, 3) 3T SCDAP/RELAPS f& /5 A% 45 it 1
EAR AT DhRE L, (I BT 6 R R IR AR
T AT EE S5 4) @RI ERIT S, R T
INTR T 7K M — (] B 7 e A T G AR T ASE A 56 AIF T
S, DT SAE 7 T SA321. 00Cr25Ni35AITI AR
TR A B . T AL TR, JEskit
— I R P ST B R — (B R R T A
MG

RPN

1 The SCDAP/RELAPS Development
SCDAP/RELAP5/MOD3.2 code manual Vol.II: damage
progression model theory[R]. Idaho: INEEL, 1997.

2 Marc Kenton. A review of recent NRC-sponsored station

blackout analyses[R]. Idaho, 2007.

Team.

3 Argonnel National Laboratory. Behavior of PWR reactor

coolant system components, other than steam generator

050603-5



o R

2017, 40: 050603

tubes, under severe accident conditions - Phase I final
report[R]. NUREG/CR-6792, Cass Avenue Argonne,
2003.

MR, B, LR, . 4 W 5] 2w ™ E Hi
N ARVRUR AL A A BV I AR R AR AT T[], IR T RER
4R, 2014, 48(6): 1026-1030.

CHEN Baowen, MAO Huan, KONG Xiangcheng, et al.
Risk analysis for steam generator tube creep rupture under
severe accident induced by station blackout[J]. Atomic
Energy Science and Technology, 2014, 48(6): 1026—1030.
The SCDAP/RELAP5
SCDAP/RELAP5/MOD3.2  code
developmental assessment[R]. Idaho: INEEL, 1997.

Team.
Vol.V:

Development

manual

Seruga D, Fajdiga M, Nagode M. Creep damage
calculation for thermo mechanical fatigue[J]. Journal of
Mechanical Engineering, 2011, 57(5): 371-378.

MRz FH, Bofl, B LUER. R I S K rE LA Tk 3R ke
PANFF APERE RO TN 779 0] TR L1, 2015, 25(4):
5-8.

CHEN Yunxiang, YANG Ke, SHAN Yiyin. Forecast

10

11

050603-6

method for creep-rupture property of ferritic heat resistant

steel used for wultra super-critical thermal power
generating unit[J].
25(4): 5-8.

Aggen G, Akstens F W, Allen C M, ef al. ASM handbook
Vol.11: failure analysis and prevention[M]. USA: The
Materials Information Company, 2015: 1530-1553.
Sandmeyer Steel Company. 321 & 347 (UNS S32100) &
(UNS S34700)[EB/OL]. 2016. www.sandmeyersteel.com.

Steel

Guangdong Electric Power, 2015,

Sandmeyer Company. 304 Chromium-nickel
[EB/OL]. 2016. www.sandmeyersteel.com.

IR, D, XEAR, 55 316 AFHANEGA-JE 57K
IS RITERTR[T). A, 2013, 36(4): 040642. DOI:
10.11889/j.0253-3219.2013.hjs.36.040642.

TAN Xiaohui, MA Jianzhong, LIU Yujie, et al.
Experimental investigation and ASME code study of
creep-fatigue interaction correlation for 316 stainless
steel[J]. Nuclear Techniques, 2013, 36(4): 040642. DOI:

10.11889/5.0253-3219.2013.hjs.36.040642.



